2

Es Melben alss. pur awsl Miglidheiten:
Lhdmlhﬂ‘hum(ghrdulhuh)hkmbmm‘tmﬂo
Primirreakiion sin srymmetrischer S-(Srmiger Druckenstieg, entiprechend einem seitlich ssym-

S

) ‘-.M’Tc""‘.“d‘um“l -wie ez nach v. Mi{fling?) bel Kattenabbrach mach der. .. .. ..o

IL Ordanag su erwarten bt An disse primire Ketteareaktion schileuse sich, sie tellwsise
Sberlagernd, eine Sekundirreakiion anm, fir weldie dor Mociaslimus slner Wirmesxplosion .
slcht von vornhereln swszuschliossen, aber auch pidit su beweisen Ist. Der so konstrulerte

Verlaw! der Primlrreaktion bltte filr olae Kettenexplosion viel loners Wabrechelalihkeft: - - -- -

fAr sick. _ :

* 2 Der Druckamtiog mit elnem  Wendepunkt entspricht formal elner  Reaktions-
poschwindigkeit mit negativem Temp koeffisienten, mit Temporaturkooffisient O im
Wendepunkt, Diess Reaktion milsste unmittelbar nach dem Geschwindigkeitsmaximum
(erster Wendepunkt in der Druckanstiepskurve) sich an dio Primrreaktion anschliessen.
Diesor Verlauf ist natlirlich audch nicht sussuschlicssen, aber eine Reaktlon mit echtem nega-
tiven Temperaturkoeffizienten ist relativ unwahrschelnlich. Es wurde nach den Disgrammen
die Temperatur d{' sweiten Wendepunktes bestimmt, was nur recit ungenaun maglich hl.'

Tab. 6: - . . o

Tabelle 6 ' oo

Temperatur des sweiton Wenc"lepnnktel T,0 abs.

{ Vesud | Ay | 2| Bi{B; [G |G [D|E

L

T

w’

N

995 | 977 | 987 {962 [ 939°| 954 | 954 | 1040

Die Unsicherheiten in déf'@le(uu; amd ' groms, als dass -man - daraus :ifd;qie Foféér—
' ungen xichen kénate. T | ¢ R e e
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, -~ ABBTRACT

This report covers the produotion of oriented polystyrene film

oslled ¥Styroflex" starting with styrene volymer, It inoludes

a desoription of the process, dracings and fesoription of the

equipment and a discussion of tre properties and ppplications
of Styroflex f£ilm. . ‘
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L .:”ﬂﬂTha,purpoﬁo drrthiaiinvoatiggtioﬁﬁgu'; btein
-~ complete. oporating. dcte Tor the production of Styroflex £ilm -
from Polystyrol. G PR e d ¢ _ N

~ . Norddeutsche Bee-Kebelwerke, Nordenham developed and

during the war regularly produced rilm for cablé insulation, -
The method of orientation is novel and in ell probebility is
applicable to other types of plastios. ' 'The research gro
ateted that other plestics," including polyethylene,- polyamid,
methyl methacrylete end polyvinyl chloride heve been run ex-
perimentally on this equipment with promising results, = *

e —For—ceble insulation and for the manufacture of con-
densers, the maintenance of film thickness is of primery -im- -
%o hold thickness tolersnces to minimum limits end in- the
samples we saw produced, 'the results obtalned were excellent.

portance.  Bpeclal precautions were taken thruout the operation

e ‘”Ngvreliabie informetion was obtained regerding-the

iamouht-of rejects’and scrap. -~ We have reasonvto:believe,,hOWb

ever, that this percentege might average as-high 2826 or 30%, -
-.and.in very thin rilmsjmight«reach;SQ%,f“lunch*of‘xhls.rejected'

. materiel was used as e lining ‘for aluminum foil for collapsible -
. 1} *which'had ' a ready sele in Germeny during the war but.are

-1ntér¢étfforjthe'United States market. - -

: gin:
_ n and orlentation unit8 in operation:
.-These were.housed in. 'seper lassgenclosures;zi

o to-main ain-conatant3temperature51and-el ninate” drafts, ‘and.
13 : he;tOXLcity‘O£'thervolatiles1(princiga11yyg9nwb )

lystyren machines have ‘alreedy




~ T plastio rango makol 1t
- and oriontaxion. oo

It has oxoellont reaistanoe to moiatura”

_.1te eleotrical charaoteristios are highly sultablo
for ceble 1nsulaxion or oondenser ‘neulation. =

The material uecd was Polystyrol 111 manuraotured by
I. G. Farben, Ludwigshafen. No control test is employed for e
‘physical or chemical properties._ _ The only;speoit&oation for the
polymer i8 the rollowing. -

£33 ¢

A o LS A

- It 18 to be manufactured by “the ‘continuous polymeriza-
tion process to obtain greater uniformity._, A

N N Rt

.<Iron Content * . .. 0.00 : S e
Total Impurities - O.1% max, ’
'Monomer content " :0.5% max, (only because of
s toxielty: for

s
o
i
g
e
&

“operators) L
(a8 determined: by the
Fikentscher equation)

"‘No other materials or. any . txpe are used in the pro-'
’21ast1c1zer¢ lubricant*-anti-oxidant, or-stablizer 1s
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type, rubbor o:trudpr 3 by Bpratorrr Bann 3

ing- a-200 mn (8Y) sorew, - (Bee drawing 187 ,_Appon‘

novel feature i1s & transverse auxiliary soréw fop. ‘
povder.  This sorew is in the botto e6d hoppér, haf an
independent verisble speed drive, having a range of 20, 4071hd
80 RPK and 18 driven by a & HP motor.

4 special olamo-on eleotrical ‘heating
" adGed .to the side of the hopper opposite to the . giao
transverse fecd sorew because in operation this proved fo. ba '3
oold point. . The main sorew of :the extruder is driven at 5
RPH thru a gear reduction -and a 6 HP, 720 RPK motor. The
oylinder, -head and die are of speciai design to meet. the :
specifioc requirements of the operation. . However, no speocial
elloys or steels are used in these maohlnea., The sorew has &
progressive pitch, wide at the feed end and narrow at the dis-
charge end (See Drawing 187 - O Appendix 5). . .o

The clearance between the sorew and the oylinder is
O.l inches. The design of the cylinder A8 entirely standard.
The inside of the head is streamlined and the. core is designed
80 that 1t can be adjusted for coaxial alignment, Between the
end of the screw and the dle a stralner is buillt in, consisting
_‘of & backlng plate with a lerge number of drilled and surraoe
_countersunk holes (See drawing No. 187.-.D.Appendix 5).
Various- wire mesh screens .can.be assembled in this unit aocord-
-"ing to the film thickness required, The orifice or die openins
- 18 shaped ‘to form an ‘annular. opening 6 em (2.5“) 1n diamoter
-1 tQ 2 om (0.04“ to 0.08") wide.. »

: The heating of the cylinder is" accomplished by .
electrical heating ‘elements extending to the feed end of the
sorew. Temperatures of- the head and. oylinder were. megsured . by'

 mercury thermometers. . Both thé head and die are heated with
 electrical band heating units, two on the head and one on the

‘orifice. The temperatures of the cylinder; head and die are :
regulated manually with rheostats. S , - FO
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air Jets on each side of the oproadcélmd:thoixt

P The
rgnotiox;—gmibe{,_dipoupqe unde 'Duor!.‘puon:zaor'.v!’xfpca‘u';‘:;; >
,D: s e LR T T il o

voo . Upon leaving tho spreader, thé doubled film fs
trimned on each side by. two sets of"ra des mounted on a

8tand in a fixed position. . "he trimuied sheets of £ilm sre . .. .. . __
“Tséparated at this poirt by carrier rolls (Se drawing No. 187-A .

Appendix 6), end ere wound up individually. The takeoli snd
windup mechanism pressnt ne rniev Teatures.  The individual . :

sheets of .film first gags;ovor 2% highly orowned rolls.to give
a slight stretch in the center to compénsate-for interamediste
shrink,  The pull rolls are rubber covered and ere nositively
driven, The windup rolls, driveQ by frioction diso” clutches, =
are entirely conventional. : - :

E. Lerger Orientation Units. -

- " " The question was .asked as to whether this“method of
orilentation was applicsble to larger uniss. The management

-8tated that & spreader 30 inches wide had been designed. This

required a 14" screv and a speclal extruder. However, in the
stress of war time it was never built. The important. question
is whetherand accurate -thickness .control could be maintained in’
such a wide film,. but the researc -0—about—

- accomplishing this. = It would have the obvious advantages of :
5"1.“,Higher;oﬁtpﬁf“éérTﬁaéhiné{aﬁfx' R LT

© 2. Lowér labor coste.

arge condensers and in other fields). .

. DESCRIPYION OF PROCESS

3. ‘Production of wider £ilus (which might £ind spplication for

Polystyrol 111 from Ludwigshafen is reground, if
2e 18 %oo large, to an estimated mesh size of 20 -




transverse sorew. The main screw 18 driven at 5 SPX and the
tm-ggut ‘of the machine is only 2 to p;;tg;‘ per hour depending on =
the thiokness of the film being produced. = The pressures .
developed in the head Jjust behind the soreen filters have been
msasured and vary from 200 to 250 atmospheres. . The amount of
stook in the hot barrel is approximately 7 Xg. 8o that travel
thru the extruder taxes from lg to 3 hours. Dr. Boos stated
Tmthntwthnre\waswnbsolutolywno~dooomgonitlonﬁor'disealcration“orf’“w“
polymexr due to this period of Awell, L : —

The extruded tube as 1t is discharged from the
round die is immediately etretched over the orientation unit by
two men with four pairs of pliers. The f£ilm is thus stretched
both laterally and longitudinally as soon as the machine is
oompletely threaded and the tension 1s . maintained. The
doubled £ilm then goes to take-off rolls. On the way, both
edges of the flattened tube of film are trimmed 'ith ragor
blades so that two separate sheets are pulled thru the takeoff
unit by rubber covered pull rolls and the speed of thede de-
termines the thickness of the film., . The trimmed scrap is led
thru knurled rolls to waste boxes on each side. ~ The stretch
obtalned- in the finished film is about. three to one in both
directions as checked by heat shrinkage.

. _ Perhaps the most vital section of the film path is
that between the" discharze side of the die and the orientatilon
. unit. . As..orlentation starts on .the stretching unit, the top - ,
-+--anfd -‘bottom seguents of film are shaped in. cross section like - - -
- lensess - They are thin at the double edges and thick in the
. . middle. ' -Thereiore, 1t 1s lmportant to freeze the thin edge
.- 8eoctlons  lmmedlately, so that materisal will be borréved from
" the plastlc center portion of ‘the lens-like sections in order
_ to stretch the 'entire perimeter uniformly. . This is accomplish- ="'
- ed by tvio alr jJets, ane on each side, vhich are accurately. ..~
spaced. The .alr opening 1s about l/sﬂrdia.jand the air ERR
. pressure 18 2 inches of water.. - The prover placing of these: ' .’
--Jets and the control of the :cooling whilch results 1s probably -
the mostTlﬁﬁﬁrtant-single,partiof;the'operatioh:u o CE

RS e LT DI 73 5o Ao P, WL 1L A

PR ST

s
/

USSR TR i

' The;tékeof§* 1@ Win enlsm 1 féhﬁiréiy?cdﬁA_
.. The rolls of film are:then_; -to- whatever width

 ‘cable insulatio , : , y
J 8
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Dang ing .
X 4 over a

eriod of years and is e
8. the operationsl "By

7 For example (Bee Fig. 1, Appe
igggg!jha head temperature is 160°0:'%ge
rforossaa)"arc”uraai”thb”bﬁtﬁﬁ%‘in
speed in meterq per h°9?;§fM39:W 

PROPERTIES OF BTYROFLEX FILY - 2

govering these relationshipsiave boon_collooted.andﬁl

'aphic
t B:r ;

for't

L1im
: -barrel texperature
» two coarse mesh screens (vith the axes of. the vire:ime
Zg. per hour 18 4.9 and the

. Tenslle Btrength . approx,
. Per COent Elongation :
compresaive‘strength.
8p. Gravity _ B
-~ Heat resistance (}Nartens)

- .. Inflemmability (VDE)
Glow safety (VDE)
.Water absorption 7 days
;Taste and Odor
‘Resistant to: -

‘approx.

700 Xg/sq. o

-4

'ssoéxg/aq.

1,06 -

609 ~ 700, * -

None

" Acids, alkalis,
.~ .elcohol, mnilners
ey iner




Btandard Bizes: LT

Thiokness 0.0l to 0.16 mm 10§ average, 155 max.
Width 1 to 250 ma.

«~»Dﬁr1ng~dxam1nationwot“scyrctlex'rilm’It'was“hdtéd”m”""'“”

that it i1s more brittle in & longitudinal Zirection than in the
transverse_as_tested by doubling  the f£ilm, This is in spite of
the fact that the tensile strength in both directions 1is
reasonably unifornm, It must be recognized that an orientation
method of this type i1s not ideal and absolute unilormity cannot
be obtained by it. The dlrectional characteristics can be
changed by wmodifying the relationship between die size, spresder
8lze and shape, and speed of extrusion.

An-iﬁgenioua electrical device for measuring thick-
ness has 21so been devised. = In addition to the usual double
roll mlcrometer which measures, indlcates end records thickness

they used an epparatus for electrical measurement vhich 1ndioates,f_

as the film passes between two electrodes cf an air condenser.=the -
. change in cepacitance resulting from the change in film thick-
ness. #1th this device verlations of .000l mm: can be measured.

i ‘ .- . ,.1I% has alresdy been pointed out that no control
.test was set Up for the raw material used, vrimarily because no -
competitive .products were avallgble. It was therefore a question
"of ‘using- the .I.G.Farben material or. shutting down’ the process.
-However, -a very interesting control test was developed for the
finished product.’
~ thesge did not sh

,‘,veriaﬁidﬁ,beﬁweeﬁ{good"and}pocr’_

_;”jfl*: 5;_[3 vé}y eigﬁératéfbbticaifinéﬁebtipn”tést”wq&,
~worked -out™using polarized light%to~gheck’theidegree‘andn‘r, S
quality of “orientation. - The polar angle between the longi-"

.. tudinal and trensverse molecular. axes is used as’an index of

.- the.degree of stretch. A complete.discussion of this tes€t is”
~iava11ab1ev1n~anﬁapt1c16;byf ;CHQrStFMﬂllérlof;Siémensvandj BT e
~ Halske A,Ge unde Zur Physlk ‘des Styroflexest - -

' 1 f this .cle "in the original

-Originglly X-ray patterns were studied but Coe 7
i
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Tho article is of a. mi-my technioal nature and it 1e hoped ‘that -
: make oareful translations 80 that none of
the subjeot matter will be lost or modified. Thers is a briet

_outline abstract of the article in Inzlish. = (Appendix 4). -

COST OF POLYWER GONVIRSION 70 STYROFLEX
7T orlented polystyrene rilns, made he manner

desoribed in this report, will always be expensive beocause;

}. The output per machine is small.

. B« The rejects, partioularly in thin films, are high.

Apparently, however, the importance of .the £ilm to the cable in-
dustry is auch that these high costs can be absorbed. .

The cost of polymer in German marks 18, of course,

‘no crilterion for polysiyol costs in the U.S. ‘Likewlse over-

heads, soclal security, workmen's compengation insurance,

PR

- amortlization, interest charges etc. under German saccounting. -
- Dbractice are not analagous to our own.. (Conversion costs, there-
fore, are expressed only-in teris of man hours and pover.

Output per machine per 24 hrs, average = 200 lbs,
iian Hours (semi-skilled) ‘w24 .
- s '8 : ) i 7 o 3 :
" Pover consumed (Powéer & Heat) " 192 K,W.H.
. Bteam consumed . o o -
-Water consumption. . = SRR ) .'ﬁegligible
- Compressed air - . - R

© APPLICATIONS OF STYROFLEX FILN.
S The;devéloﬁggnt of Styrorlex film started in 1934 v
‘and during this period many technical and mechanical obstacles - -
have‘been:overcome,- e - R . LT Ll

"} 'ihgvfdlidwihgfuses héyé bééhﬂdevel¢§g&,forfthg{vt:. :

£ilm:
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helioallyind tir il (o ke Bey) o. loavir
about: eoi aixr space.. m"mﬂum m‘ngon ap;ﬂfa
and.the outer condnotor oo AN DI WObDerT A AN wun&on, .
r:.neuy the outer leald mwmm b Iaolaaduna aJ?t i

RELELY rmmamnmm mmwmamm:mmmg al- -
tornatellayeresof roundl odv1d: il £13n L0 inssietion: and .an:outer

__oonductor consisting.of tro helf-bands with ringiidke:infentations..
for flexi‘bility. ""Cables of the above uypea were ea.:.d%:‘o be )

good £ér! 4’ negacydbledtinyunt - us LCHIS no,.e.m.n.r"*f' Y
SraTitivian nebtnot ALl qusie of A SV S48 NS
Tu 2 PO BolYAswables’ 0f: the! singls:conduotor, ‘type:-th

insulatlon was bullt up of many layeras.wof:Styroflex tape .and. .

oovered with lead. This cable was.very successful. vhere hlgh
pressures were encountered. .It is our understahding that the
use of Btyroflex in cable is being made the subjeot of a speoial
report by the Comauniocations Branoh of FIAT. )

- .1 = B Wire Insulation.

, - Btyroflex tape has also been used for wire 1nsu1a-
tion wlth very successful results. - However, unless the service
is unusually difficult or the requirements abnormally rigid 1ts

cost is prohibitively high. .

g Condensers

. -

' Over fifty ‘tons of: thin Styroflerrﬂms (0.0l to
0.02 mm) were sold ennually for: the manufacture ‘of “condensers .

~pz;trti.cularly ini ‘the racdlo receiving field.- :@Good mica sheet.

was elmost lmpossible to abtain. in Germany 6ur1ng the war and X
for condensers, Styroflex proved -an admirsble substitute. As 1n~
the case of c¢able, uniformlity of £ilm thickness- is important,

" The rilm proved very useful ‘in:this gpplication: beceuse of 1ts

excellent insulating qualities’and because its dielectric con-~

- stants are not affected ‘by. moisture. Condensers- were baked after -
"~ winding end the ‘end shrinkage,. where the film was uneupnorted i
._produced a waterproof barrier. , AR

_‘: oL Collagsible Tubes. o

“This 1s an 1nterest1ng wa time

_peace time applications»in ‘the . UiSs:

This in turn is covered with-more:insulat -tapes of ‘Styroflex. ena -
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.Zhe- pr:notp-l nmlcy u thu pmcu uu ing -

~

’B.’ m mechen od uthoo. ot uoonpnlhmz u.

The oriented £ilm 1s much more flexible than ususl
£4lms from polystyrene. Ita appnuts.on- in the eleotr:.oul

. Tield are important, . e et e oo e

The or:.ontauon method u mgonlouc and if it can
3 plied succeéssfully to ‘other film forming materislsit
eho 4 prove:-to.be of definite :.ntorut to manufaoturers of

films froh plastio materials. : ‘4




APPENDIX 1.

Name

'Dr. Boos '

Dr. Mennéman
~nr. Engler

Dir. Horn

kr. Keufholz

. iir. Béhmer

dr. Dinneweller

N

‘Sales - Kempf '
Menager )

e

Nansging Norddeutsche
Director See Xabelwerke

Bales
Mdanager ’

Chier
Zngineer

Senloxr:

Director

Formerly g
Technical

' Sales -  Berstorff -

Mangger . e

Engineéer "

Nordenhan

. Director - - = % (Now unattaehgé);.'

.Hannover

=
L]

 Bieldtein -
\ ’ o

_Looation



APPENDIX ¢
LIST OF TARGETS VISITED

Norddeut & e e e e 2 e St gt e e I

kr. Juliue Engler
Dir. Heinz Horn

Berstorf? - : o 'Hannover
Erwin Kampt - '’ o .E . Blelstein
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APPENDIX 9

_...Copies of the repcrts, documents snd microfilm listed Delow. were . ... . .
mn-an.a to 'uh!nxton  DeCoInquiries shouwld bc  addressed tou e

Office of Pudblication Board
UsS. Depertment of Commerce
Weshington, 25, D.Ce

1. Related repcrts published by Al113d Intelligence Agemoiess

CI0S Report, File No, XXIX~62, Items 9, 22
- Investigation of: German Plastics Flants,.
* FIAT Records Branch File No. TF696/P39

'The German Plastics Industry. Q.M. Teehnical
Intelligence Report by J.M, Debell, W.C. Goggin
and W,E, Gloors ZFIAT Records Branch File ’
No, 'I'P896/P26 ’

FIAT FINAL REPG!I' NO. 724 ;
Migcellaneous Chemical Proouuo und Ph'ticl o
Machinery by Ernest W, Halbach. rm Bocomdl
‘Brnnch l':lie Koo 1‘1’200/1’1618 R o
cIcS Roport, File No, xxx—és. Itm 22 S
Btyroflex, a Plastic Produced by Nccddouhcho :
- Seekabelwerke, FIAT. Resard- Brnnch rn. T
Noa TP896/Ph8 . oo .

‘.BI(B Fiml Report No, 179, Itm 21, 2, 31
' German Cable Industry. rm Record- Brunch

nle Nos m5101/153h SR St
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 ABSTRACT OF ASTIOLE 'ZUR PHYSIX DEB amom:x-

BY
'E. HORST k’ﬁmaa

HOOpiee or thie artiolo 1ﬁ“the original German"are allable undermm”w”w
RNumbex MO - 339, miorofilm Reel No, 1oo-u Prames Nos. 111 to
135 inolusive upon application to: '

. 0ffice of Pyblication Board
V.8, Department of Commerce
Washingcon, 256, D.C.

(Reprinted from Wissenschaftliche Verdffentliohungen aus den
~8Blemens-Werken. X1X Band, 1. Heft 1940) - ,

A
The report deals with *S8tyroflex", an oriented film

of Polysfyrene, and 1its physical electrical and chemical
propertles. -

p ;. In Bections-l, 2 and 5 the chanse of oroperties
aceompliehed by orlentation is related to: the change in mole-
‘oular structure. ..Lengthwise stretching, as well as double. -
stretching, prouuces £ilm heving different characteristics..

A correlation be'tween degree of stretch or -orientestion and.the’
“optical properties of the film wes ‘determined, which showed .
_/that the refractlon index csn be used for. determining: fhe de-.
- gree~of orientation. - This oannot be ohecked.with eccuracy
-»by any. other method.,-” : . o _ R

—

: b Sectione 4 and 5 cover 1n detall ‘the theory of
molecular structure of  oriented films and- the best conditions
~jfor accomplishing the Optimum stretch.,,,_u;; S

N
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"ABSTRAGCT

=

"Processes of treatment of butadiene resin with sulphuric aold,
its properties and uses are briefly desoribed. The Reppe ‘
synthesis is used. The unpleasant odor due to olefinic substances
oan be removed by hydrogenation, also described. The most .
~practiocal use of the residues (in war time), is for insulation

- medium T.R. In peace time use for Oarboreain P. (Buna S-softener)
is reocommended. The work was done at I.G. Farbenindustrie,
Iudwigshafen. . , -

~
.

roﬁnwogn

- This is' a trandation prepared-in London from German documents
evacuated in the early stages of Technical Industrial Intelligence
operations. The selection of reports for translation was made by .
-Sherlock Swann and N.M. Elias, The abstract was prepared in the
office of the Miscellaneous Chemicals Subcommittee, Industry

-Branch, Field Information - Agency, - Technical.

- AUTHORS

. . Dre Krzikalla
.».' Mre-Dornheim = : - SR ’
_.-Mr. Flickinger . . e e e T
Staff members of I.G. Farbeni dustrie, Ludwigshafen."
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~~ Developing Uses for the Distillation Residues from ~—~ s
Butadiene Obtained by the Reppe Synthesis - 14 '
September 1944. . & « + ¢ o ¢ ¢ o ¢ s 0o o o o o o o

Butadiene Resin . . o
Insulation Medium T.R. "
Cardboresin C. .
Carboresin P. .
Hydrogenation .
. Sumary ¢ o o o .
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-the- 3 ¥ t
" the: P-ooﬁent be].ow 0:005%, " the vito
.'beakor I Residues to ‘the; extant
.colleoted in Ludwige n-if" ther

etrength., " %40 about, 20.00‘ SR
U ~The following :La reported rega.rd:lng t
’ :Lte nae° :

o - Already in 1939 Dr. Dauminer aacertained that the buta.diene
- residne oils had a certain drying p property and thgt furthermore the -
quality could be improved" ty: treatment with a 1ittle sulfuric acid, -

-+ -due.to the fact of the. well-kriown res ous. etfect with’ olefines.
- Foxr- all that, the colo. atic depa.rt_m ‘would not ahow a.ny interes

-:‘in ‘the . produ te.




y chnaphtol‘ :
ediun for th ’mannraotnro of wood fiber platea

LAl :
then developed an’ 1nsulation medium T.R. by heating and blowing
air through it, (J.71989 = 0.2, .13391). ﬁhich is being used ag.

- binding medium for camouflage purposes. Owing to.the fact that a

- great demand for camouflage colors exists during the war and’ that
- the price of Mk,45,-, per 100 kg. can be obtained for the crude.:

- residue. o0il.without further treatment, this seemed to be the 1deal
solution for the: -possibility of using the total output- of butadie

“'residue and: so far Oppau ha ‘taken it all continuously.

CBrboreéin o]




. ] -extent: of. 70-80 tons a* month are

T colleoted in Ludw:kgshafen it th III inst le.tion is run at ull
vetrength. « ( : : . ks 2

T ‘The following 13
-] use:- '

: Already in 1939 Dr. Daumiller aacerta:l.n d utadien
residue oils had a certain’ drying property and tha,t furthermore ‘the:
K quality could be" :I.mproved by ; treatmen ‘ :

due.to the faot of the ‘Well-kriown. resinon
- that,tthe oloristioc depa.r
g ,
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fro;
: te “as’ ' well as” 0opp _ : ) Hese’ " g
- temperatures were exceeded a: ‘¥ gh-put  of ‘not more than'1 kg.
rer-kg, contact peér day,-the. 8l ‘catalyst showed an immediate .
-sudden-increase’of the iodine-figure- d the - copper ‘catalyst a great.
decrease of the OH-figure. The oven=temperatures had to be continu-
ously increased at intervals of 1-5 8 in order to obtain products -
with 8 J.2.<€5 and a OH.Z.x230, Fibrou -81licous,materials and Some . -
wmadefalkdline*with‘10¢,Mg0.awére¥usedﬁas_carriers;:Thg‘lifedof:the;,
~contacts could: never be prolonge ‘to more than 14 days. -Effort
hydrogenate in:the  gas ' phase were ithov ocess, because a ¢
évapora ofthe material” could not tailned lere

“catalysts:




¥

‘- 0aloulated Lox; 010 ‘R @20 RO
?-;T-_.--“-j*fnf-_--f
15.9

10.08

158
i mEg

‘The eame clcohol can ueo be distilled from the dietineto
.of. the .Carboreésin C. giving a yield of.about. 10=12%£,-The- ais ..
roves that a clg-eloohol exists, which is still unknown in ¢ _
iterature, As the wellknown straight-ochained Cyo-alcohols have a
considerably higher Woiling-point, it oan be asyimed that a strongly
branched aloohol exists. A number of derivateu hebe been--produoced -
from this alcohol,:

Diacetate boiling-point 13 83-84°c Saponificetion No. 284 (oaloulgggg

Vinyl ether " ~m 18 81°Cc R

Neutral Phtbalic acid ester, boiling-point 2. 225-22700. Seponification
Fo. 250 (calculated 244) .

Neutral Adipic Acid ester. boiling-point 4. 205-208°c. Saponificetion
, Fo. 268 (calculated 264)

Low . fatty acid eeter. boiling-point 2. 185-240°c. Saponification

No. 277 (calculated 260) : _ -

) o By heating for 12 hours in the presence of alkali one
“ obtains a C1p acid, boiling-point at 2 mm, 920C SZ.330 . (to 325) which
-is also not own in the literature. The above-named esters were
tested in. the coleristic department for their use as plasticigers
. and were found to- be suitable. The value of the- -cold -resistance,"
- especilally of the phthalic acid ester in the £41m, equale that ‘
' ~produced with a goo& proportion of Palatinol F._

. If one assumes-a-yield of butadiene oil residue of about
80 tons per month, a monthly production of about 30 -tons of c1o-a1cohol
.cen be estimated; the first runnings to be used ‘as solvents. One hgs,
however, to reckon with difficulties regarding the life=time of the
~contacts during- continuous ‘hydrogenation., A further etudy of the -
manufacturing process would, therefore, be necessary, The delivery of
-the’ butadiene residuerto Oppen for insulating medium T.R.,. which does'
| i ‘the factory; is a present’ the ;simplest :




(-) By ondmlttion‘with ry l:l.ttlc anltnrio aoid:-

e S

mtadione rnin (Bcnzino-lolubh ruin)
Carboresin 0. (drying oil
Carboresin P. (Buna 8-sof onor)

(b) By blowing through air (Oppaun).

e e ————
B A A ST

(4) Insulation medium T.R. (Binding nedium :or ’
oanouflage colorn). N )

(o) By hydrogenation ‘of the distillates whioh are discharged C
133 the manufacture: of 1toms*1 to 3 or of the bntadiene
* 1'" ueﬂi" ";"'”-; 7':’.»5 9»? | STt ; -y B .‘.. _,. Py .’,,‘;";‘,?',’.

25; Solution medium. - ‘ * e
jq-8loohol, which is ‘suitable for the manufacture of

) so teners., .

. The most simple and practicable utilization for the factory
at present is the use of the residues for the_manufacture .of the
insulation medium T.R., in peace~-time perhaps for Carboreein P.

_Signed: Dornheim,
c -Flickinger.
Krzikalla..
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cOmentﬂloo.oooocooooo;-ooooooooooorcooo-QOfué,

Intraduotion .ooooooooocooo-oooooccocoooo--oc_‘ ‘

a2

centrirugal Fans : . R
B des ....0......0........... ..0000000
Flange (X XN NN ] .
Baokplates

”

Damperﬁ ...l..
Compressors. ...
Regulation 'Q.. .OOVOOQ.Q..OO.‘Q..OI".‘..C:.

) Azial Flow Fans - ~ -

Single St&SB . o.ooo..'co-of;ooaoooo';co,co. :

iy Mtistage .

mterials ..Q‘...‘..'.O.-... - |

The' purpouc or this pa.pex' 1: to roport the investi-
sntiona ‘An- Germany ‘of those:ocompanies making fans and turbo

m'vblowera and others des!.sning '‘and testing same and to com-
“pare thelr daaign and conatruotion with thoao in the United

‘States.

(1) Pbior to the .war the a.xial flow fan had
recoived more attention than in the United States, és-
peclally for multistage work. Durlng the war it had
received less. '

A

(2) Except in a few inatanoea the centrifugal
fan showed no_more 1mprovement than in the U. 8.

(3) F‘a.ns generally contained more blades.
(4) llore use wag seen ‘made or mixed flow Inlets. ,\.'

(5] Backwa.rd ocurved: blades tound. 1n more- general

use. - . o . —_

(6) llore usge has been made of’ higher speeds a.nd

: qteam turbine drives. .

ghape for axial -
Muoh“of the work




“use of 'a

(3) Exocept in the case of the forward curved
blade fan there seemed to be a ver..ae:ga:::g_o_ oriiaia::
with pore blades than we are acoustonme ‘use, - Thig 1s
partioularly true of those with mixed flow inlets. .

" (4) “More use geemod to be made of mixed ‘flow
inlets whgtzler of the forward, radial or dbackward curved

blade types. . 8ince the mixed flow inlet comes under the.. ... ... .

‘higher gpecific speed types, its value with forward ‘cur‘ved
blades is questionable.

(6) While backward curved blades are .much used
in the United States they sesem to be more prevalent in
Germany - especially in compressor design. This 1s probably
due to the use of higher speeds as noted below,

‘ _ (6).. 8ince Germany has 50 cycle current and the
maximum motor speed is 3000 Rpm. as.compared with our

3600 Rpm. 1t 1s not fast enough for many cases requiring
moderate pressures. As a result, they use step-up drives

or steam turblnes. It 1s not uncommon for sveeds of .
8000 or 9000 Rpm. to be used. This lends ditself to back- .
ward curved blades and a smaller, better proportloned

eller 1n centrifugal fans and thinner, flattexr blades
in the axlal design. In lower pressure vork where we -

* would use 1800 speed they are likely to use 3000, and 11:111&_

. same apvlies. . Moreover, they are more accustomed t,g the
use -of steam turblnes in industry.. e e
. 7). Testing of fans for nolse seems to-be less

: prevalént(t%_lan ‘in thg Unlted States. Some work has-i'peenv. y

done” during the war in the. way ofv"tegjl::lng 'ﬁfor‘ noiselgnth -

“war products. Perhaps the reason for less concern 1ls the .

' ' less pronounced cut-off end more blades-in the

impellers. -~ - - oo oo

S -~ INTRODUCTION:

Y-

. originated with a list

they- came undeyr the observation of the writer, 1lg d

the outset it is hoped that: théie" fead;x;% this
) rals oo

X Tiles and late
“thls The fact -

add’ o
-torm-*Kompregsorent may refer to piston,

' rotary or centrifugal or axial flow ocompreseors made some
;-,-E;%t. of no value. Discussion with the personnel st fan. . . __

sor-"cotipanies helped ’”“1':6“”’61&":'1 Iy -this matter as

- comEpTes
- the investigation proceedsad.

R ' . . . i - . .’
¥o attempt was made to cover all companles . mak-
ing fens and blowers. . However, it is hoped that a
representative group, both large and small, has been - -
contacted. Approximately 40 Plants or individuals have
been visited. These were scattered: throughout central
Germany and the western and southern parts. The northern
part including Libeck and Kiel was not vislited for lack -
of time and the distance to cover. Nor was ‘the eastern -
part,occupled by Russia, possible to visit, :

o _ The terms fans-and turbo-blowers are referred to --
in German as "ventilatoren" and "turbo-geblAse," respective-

ly. The latter are generally one stage with spiral hous-

ing and no diffuser. They .may in some cases-be Zor 3
stage but without water ‘cooling, ~ Compressors are r'eferred

“to as "Kompressoren® and. areg multistage in design and - o

-almost always water .cooled. -.While: 1t wag not’the purpoge. = ..
7. of "this gurvey to include compressors. which work has beeén

- undertaken by others (see report.on Pumps -and. Compressors

by L. P. Jehle) the fundamental principles are the same -~

T -and- conseguently 1t may be benefliclal if a few of the
. principal details\..g.;-evherewit‘h}{in_cludeg.-. e

Also allied. subJec\ts :wilifffe “touc

> was-not sought but thé.,;p’rbducts -were made at the same ~ .
- factorles that made fans and g ally used in conjunection:




Generally the forward curved blade is deep radially and

bent forward at the heel and tapercd to the backplate

to give stiffness (Fig. 9). In this way no tie rods are
7 neocessary. - Frequently-every other blade was a shorter

blade and in some cases two intermedliate blades of differ-

ing depths are used (Fig. 1).

Several of the forward curved blades were
relatively narrow at tip. Notlceable in this respect
were some mine fanes with equally narrow housings and very
long diffuser outlets (Fig. 14). .

8traight, radial blade fans are not common,

Where the gerrormance of the straight blade type ig de- .

. 8lred the heel 18 usually bent forward to meet the air . ’
flow with lowered shock loss. Here again it 1s frequent R
to have every secord- or third blade extend dovnward at the = - ' Fig, 1 ' Fig, 2
hub to give stiffness. In one case of radial blade con- . Deep Forwar§°Curved Blades’ * Pelzer Mixed Flow Inlet
struction each blade extended to the hub and was curved o C . Radial Blades
to give mixed flow entrance at inlet (Fig. 2). ,

-

Backward curved blades seem to predominate both
for low and hlgh pressuresiy —For-ventilation work the
blades are frequently shallow with 8 to 20 deep blades
extending clear to the hub,. In such cases these blades
are curved forward to.glve disc actlon at inlet edge.

The total numher of blades vary from 48 to 64 in the larger
_sizes. . Thegse are often operated as exhausters without
“ housings since the veloclty pressure at discharge is low
. (Fig. 3).  For moderate pressures as in power plant fans
- every other blade 1s 'sometlmes continued down tangent to
the hub (Fig. 4).-: Stiffening rings are added to back-
ward curved blades when they are wide. ' For the higher.
_pressure fans and compreasors long backward curved blades .
predomlnate, with 16 to 32 1n number depending on size
and width at tip. In the latter case the intermediate
. blades may extend downward-about half way from the tip ~
.(Flg. 5). A Z section 1s generally used on the narrower
. s No ‘particular lmprovement was noted-on centrif-
- ..ugal super-charger fans.  Impellers-are—smaller—than——
formerly which indicates higher ‘speeds. Oven type -
straight.blade impeller used and carefully machined in-
... successlve stages, .Back plate scalloped out between . o Al SR — -
. blades and blade entrance bent over hot after machine =~ RS S lolosling Baokia ed Blade Fan
..~ operations.. Two ‘stage fan,hgd‘variable inlet vanes .- ‘... SRDIR R SRR v N T A St t'Hbﬁéing T

o R,




actuated by ring gear and pinlons. Large underground .
factory at Wiesenstelg machined superchargers.

Aside fron tie rods, whlo)g»are O:areégéueed;*“tm
. stiffening blades were observed, wag
?523‘1’3;&3 blades Elterne.toly 80 that stresses in the
.flange and backplate were set up upon change in fan speed
(Fig, 6). Another type used double thickness vanes with
spacer and rivet at the thickened part (Fig. 7).  Another
variation of this is a half round riveted to. the leading
edge of the blade heel. . This deslgn probavly served the
purpose of taking part of the wear due to dirt in the gas.

Wearing Plates were added to fans handling
dirty air but always placed on the under side of the - .
blade ingtead of on the toptﬁid:amege the \tve%zkoccgrs, 3 — Fig. b -
Localization of wear glon e edge does no e place » o .
by this means but a complgte reblading Job is usually ' K B.8 W. Backward Curved Blade Fan, Reinforced
.necessary. In one case wear was taken care of by a . ,
deposit of welding rod, called Remanit, over the greater
part of the face. This 1s a very hard materisl after
laid. The fan was a hot gas fan with very thick blades,
‘flange and backplate, all about 3/4 to 1 inch, S

. Stepped blades were.seen in geveral cases-and
for different purposes. In one case the blades were
stepped back in 3 stages. _Water spray in the fan inlet |
separated out on the blades and Jumped.from Plade to "~
blade causing the air to. go.through this mist, The v
‘blades had backward slope with very little ‘overlap ‘(Fig. 8)
- Another .form was Just the:-opposite type with blades stepped
forward. This 1s apparently a high’ lift-device to cauge
- the ‘alr to better follow the general blade curvature,. In.
a large fan of about 4: feet diam, ‘the stagger was about
14 inches and the overlap the same (Fig,ﬂgs", ~This type of .
stagger was seen on both forward-and backward curved blades-
of relatively deep_type, never more than one stagger or
-offget. The forward curved type was for mine ventilation.
This fan also had ‘a compound flange plate with*the break
in- the slope at the same polnt as the blade offsets

and backplate in the low pressure types, S Only.oceasionally . . | = 0o gha T . Demag Tﬂ;lgdegml’ms”r ‘

LRI

was rouhd or flat head riveted construction used
‘higher pressure fang and invariably ‘¢n’

.- countersunk riveting : ng

. of small 'rivets..

he. .




In these high pressure fans tho blade oross-geotion was of-
- Z shape to faoilitdte rivotinq.'(2ia. 5) In ono case the
rivets were machined from the sides of the blades end cold
riveted over in countersunk holes. Thia arrangement was
for very high spoods on -compressors. (Fig. 10)

Flanges o o

Almost invariably all fan flanges wore of sloping
oonstruction. 17ith backward ourved blades and sloping flanges
_ _ the air path is more likely to be completely filled. Low .
: -pressure work involving shallow flenges permits the flanges
Fig. 8 . to be made of uniform thickness. High pressure work causes
Schiele Thickened Blade Schiele Dust ‘ashing Fan - . them to thiocken the flange-near the inlet to produce a light
. : : weight uniformly strong section. These are hot forged and
_genbdrally so purchased. The inlet proper is another forging
of thickened section, turned to form a smooth approach and
riveted to the flange plate (Fig. 5). For moderate pressures
some have resorted to a compound flange formed of two plates
of different thlckness, riveted or welded together {Fig. 1l).
" In a few cases these elements had different slopes, giving
in effeot a curved path to the air. Two and sometimes three
such plates were used to make a flange. Intermediate flanges
or stiffening rings, were found on the wider, backward -

ourved blade fans.. S

)

Backplates - - .
: - In the lower pressure work, backplates follow the
.- usual lines of construction, .- flat plate riveted to cast
- . +iron or steel hub.  Compressors have. forged backplates of
...tapering section. terminabing in a thickened hub. These
hubg are fastened to shaft by the conventicnal key. In one
instance a.large turbo-blower -fan was fastened to.the shaft
by tangent keys, as indicated. (Fig. 12) Also, in one in- "
. stance, small-strips were placed down the cutside of the -
_ . "+ backplate to act as a-fan and prevent leakdage. In-some ocases.
o . i , . Fig. 10 e ’ , " the last ‘stage. or two of 'a very high-pressure compressor has.
oo Fig. 9 o . .. 3BC Compressor - - . .., - small enough diameter impeller -so. that single thickmess back- -
~DGs Fine Fan o ~Blade.. - .~ 1. plates are possible. . = - - R . .
T lo‘-~ T Ton e S0t Hubs ‘ )

o T g T i Sy
. Thegse followed the ¢onventional design excegt'in_twov' §
where the hub was of double cone steel construction with . '

ades welded to it. (Fig. 13). This was on a double in- } .

B 4




=

Housings

s i e st 2

‘Housings differed very little from our own standards.
Both. welded and riveted oonstruotiom were seen, the latter
being more prevalent in the larger sizes. Only one rolled
-80roll design.seen. Cast iron 1s generally used om turbo
blowers and ocompressors.. . An.oscasional_large turbo blower
was seen made of heavy steel plate, welded, but this was
often due to shipping diffioulties in late stages of the war.

Most low pressure fans had the usual ocut-off dbut it
was well rounded. No sharp cut-offs seen. In a few oases
the ‘cut-off was entirely absent, the soroll leading direoctly
to the fan outlet. ~ .

) _ Cleanout ddors were provided on forced and 1nduced
Fig. 11 : ] : dratt fans where needed. Also, provision was made for re-

H . T : moving fan wheel through a quarter sestion-of housing. In-
Compound Flange - _let boxes are not as flat as is our custem. ‘

: _ Mine fans were of steel plate, riveted and rein-
_forced (Fog. 1k). The volute was an expanding spiral in
width as well as depth. Reversing fans are made with the
usual dempers. The exhaust demper, however, is double hinged
so.that the flow.1s favorable in both positions. : -

' S .Removable ‘scroll liners we_re;found in some housings
of fans handling dirty air. These were fitted to fans’of— .
both round and rectengular ocross-section. RS .

~ Dampers
. ~ Sliding blast gate dempers were found in some .

cases on inlet or discharge sides of fans. Multiblade
- dampers do not seem to be common. = In some cases opposed

leat dempers (2 leaves) pivoted on one edge and operating
4 R S ,. . . together were found. Either hand or eutomatic control was

L SR Y A € B ek K possible. The accompanying cut (Fig. 15) shows a double.

ST T s N e e T b .~ “width, double fan, with such dampers, set up for ‘direct con-
: ' AR n ‘ nection to the base of a long diverging vertical stack.

oo o Fige 12 0T T : R _ , . Only one type.of variable Ainlet. vane control was:
.o+ Tengent Keys. . ‘. - Conica .l . " found on centrifugal fans. (Fig, 16) ~'Thigiwas -of conven- -
S S e e e e il itional type, -flat radially .plvoted venes,  operating from
L ' s L .+ outside mechanism. No fixed inlet vanes were.seel.™ .
v '

. doni;gr_eéédré‘ | ‘ e S
| several features of compressor design have bean ..




Fig. 1%
‘I Double Inlet, Double Induced Draft Fan
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t or this he ‘of _the :

foa 3%35’§SX%£¥3%’£0 gggprosaor Eeuggneyiffnbe dIaounaod.
While some German ocentrigugal oompressors de~

rend upon annular diffusers to transfor veloolity pressure
leaving the impeller to statioc, the majority use diffuser

. vanes to aoccomplish this purpose. In either event the . -
width of tho diffuser closely fits that of the impeller
at the tip. These diffuser vanes are generally -cast
integral with the partition plates. In some cases the
vanes are made movable and can be operated while
(Fig. 17, 18). As this greatly complicates the struoture,
it''is used only in those instances requiring a wide range
of air -delivery at good efficlenoy. Even in such cases
the vanes are not madewriable for all stages but.only
every other omne or every third one is so fitted. . __

In a few cases the return vanes are cast integral’
with the outer shell or casing (Fig. 18). In most cases,
however, the diffuser and return vanes are cast in a single
-diaphragm and this is turned to fit into a machined groove
in the .casing (Fig. 19). Anothér variation found on large.
number .of stages is to.fit the diffuger ring to the
‘diaphragm plate which has the return passage cast therein. -
and this is, in turn, fitted to the casing (Fig. 20).

N Most multistage centrifugal compressors under 3
-'stages (and some up to 6 stages) work on adiabatic com~.
pression and~are-not cooled. “Larger numbérs are water.
© cooled and two methods are in use, internal and extermal,.
.The former method (Fig. 21) is not much used and is rapidly
.glving way to external cooling. Internal cooling means :
large dismeter diaphragms with thin water channels. The air -
cooling, is done by a great number of fins on the return alr
-slde, Since large dlemeters are used the diffuser is of the
annular type. Moreover, the diephragm is cast as part of the
‘shell to facilitate water connections. .  This means the com-
pressor” is split horizontally as well as real = :
stages, the latter being held together’ by -long bolts through - -
 the .end bells. Numerous clean out doors-must be provided -
'in each stage but some cleaning can.be accomplished by re- - -
. versal of the water flow. Most centrifugal compressors are ‘ v e o
: cooledvby;extergaléwater(tubes,0§.therfinnedftyPes‘usuallzlv TR I BT sl -ffig}”iéj D ‘
- one cooler for 3 stages (Fig. 22). The tubes ars frequently . - |© e Ty g
. grouped 3 to & sub-header. The cooler assembly is generally - 1= ST & -‘QEEG‘°°§£€§S?°"¥%§§r3%§§§s:; s
. mounted vertically or inclined, with only the top header -~ ‘ R N T
' ””~above~thep£100r-and'beside'the‘compréssbrtl‘EXtéiﬁél‘cOoligg* :
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pas,the adyantage of Phorter BRATINg,CoRFer2s STnile 2oR"
tion in accessibility. .

A Short labyrinth seals (Fig. 23) are supplied on
ocach side of each impeller-and a more elaborate type of
seal (Fig. 24) on the balancing pistomn. In ono case, a
further seal was supplied on the side of the balancing.
piston to ald in ocorrecting for change in thrust under
varying load. Slight end play is needod to accomplish
this automaticelly.

) Ragu_lation

Regulation of flow through a compressor is ac-
complished in many ways, primarily to sult the needs of
the application. It is invariably tied up in most cases
wlith that portion of the-pressure curve to the left of the
crest, called the surging or pumping range. No attempt
will be made %o go into detall as to the automatic controls
for this purpose., Much will be found in the catalogs and
papers filed with the original of thils report. However, a -
: ?rief og.tline of the methods found in Germany may be of
nterest: ’ ’ :

(1) ~Variable speed. The steam turbine is by far
the most used means for variable speed. Slip ring motors .
“are not much used in the larger sizes. .D.C. motors are
only used on board ship. There is a system-called the .
Scherbius system (ilsed by BBC) employing an induction motor
as the main drive. . A-3 phase commmtator machine is con-
" nected to the rotar circuit of the induction motor. The
'slip ehergy in this system which would normally -be lost in
heat is taken up and converted to useful work on the shaft.

o —(2) . Constant speed - Throttling. This is-one.of the
simplest controls. o ng is on the suction side of
blowers and on the disoharge“;side—of‘emusters. T ‘

~ {3) - Constant speed - vut-out, This is featured by
Pemag for very light loads to prevent surging. The discharge
- is cut off from the load and fan opened to atmospheric v
pressure. At the seme timg the suction is throttled. It .
comes on again when the load demends it. .This reduces the
no-load horsepower because of the lighter demsity of air in
the machine. B e AT

(L)} “Constant speed = Blow offe - This 3= ﬂ.d’evic‘e‘ to
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prevent surging for small ocapacities. A valve in the dis-
oharge allows oxocess volume of air to leak to atmosphere.
The ocomprossor always oporatos to tho right of the surge
point. Tho differenco in volumo botweon this amount and
that required, leaking off.

(5) Constant speed - ss. (Fig., 25) This is a
mgnns of regulation by extern by~-passing somo of the
stages. .

(6) Constant speed - Movable diffusers. This is another
form of thro ng muoch used by BBC and is rrimarily used
to keep up good efficiency over a wide range of operation..

(7) _Constant seed--‘Powe__r‘“I;gggy_e_r,z. This is a de~
D N R e s A vice used by on a ow compressors. There is a sub-

.. stage fan ahead of the regular first stage and this is nor-
mally throttled off,., When the compressor capacity drops be-

rt %EY t?e surging point, t?ﬁ excess air required to prevent

.« 2 ' . 8 1s by-passed to the let of the sub-stage fan. Part

Demag ¥an geals Demag Bgiﬁﬁoghseals : . of the energy in the otherwise blow-off waste air is put
. gigk on the shaft through the sub-stage fan acting as a tur-
0. ’

) AXTAL, FLOW FANS

: Aside from the common disc. fans, axial flow fans
divide themselves into two general classes (1) low pressure,
single stage type and (2) high pressure, miltistage type.
The low pressure disc type favors flat .blades. In the larger
sizes the number of blades is sufficient to overlap and be

_stayed- to each other at the tips by spacers (Fig. 26). In -

“two cases a unique but crude looking arrangement was seen ‘
with each blade consisting of strip metal bent into a close
V shape, twisted for variable pitch and fastened to the hub

...at the ends (Fige 27}~ -~ =~ — e

'»f~—~4-;——~f~%—4————4%f$igsle Stage . LT T . e
o~ i . . v < .+~ " Tyo or three types were seen. The single stage

N T ] S L . generally differs from multistage because it is convenlent -

i 25 ) _ o Do e o T  to.use. higher 1lift sections. Normaelly this would cause more
Eedher B g. z v T Fig. 260 . - S R short circuiting of the air over the tip gf the_bladgsd?_ut |
isch ss Compressor.. .. Di GNP . S S ‘' when built as & velocity type with long diffusers an 8=
: witg:By-Pass ‘ '?c Fan w;th Tie 3?vetlﬂxv'r~4-7_*4w_ . 'charge guide vanes, the clearance at blade tip is not so im- - ¢

i : ' ' ' o ‘ portant, - S e SR o




thiok airfoll seotion with Bonnidornblo cambor und about

L,055 hub, Housing had elbow entrance with long difuser
outlot and diffuser vanes. Tho Tan shaft oxtonded through
casing and vas coupled to motor by floxible coupling.

Anothor typo (Fig. 28) also used for power plants
consisted of many singlo thickness blades (12 to 24) curved
end weldad to a rounded hub but extending well down towurd
4.0 oontoer. These wore generally 60 to 70 poercent hubs with
long diffuser vanes of slight curvaturc. ./hen used for hot
cases, tho enclosed bearing was ventilated by « fresh air
duct and discharging into diffuser by natural fun draft
(Fig.-29). The fan blades were hot Lorged to produco a
thinner section on leading and trailing edges.

snother variety of -this fan wms to have stepped
blades (Fig. 30) to zive higher 1ift values than with one
continuous curve. Generally the two blades were tled to-
gether at the tip for stiffness,

, Fig. 27
lieierling Double Disc Blades. K.X.K. Axfal Flow Fans

A variable inlet vane (Fig. 31) was uscd with these
types of Tans for reguletion. The air rotation could be
cither with or against rotation depending on the blade setting.
T sere radiel, large in number and without central

. support, two bearings outslde the air Tlow forming the pivot.

' The fan blades and regulating‘vanes ﬁére'm&de on
Schicht Patents: Nr. 633155 lMay 6, 1933, INr. 713617 Lerch 12,
1937, Wr. 722424 April 16, 1942. N . .

- Two interesting wind tunnel fans were seen at the
IL.F.A.laboratories in Brunswick. The blades. of these fans
were of hollow steel construction reinforced lonzitudinally
and transversely with welded *n ribs. The single stage fan
was about 30 percent hub with dgiffuser vanes. The two s
fons-were about 40 percent hub with the ‘diffuser vanc for
first stage acting as contravane. for the second. The sing
stage'fan_renlacegépneHférmerly of- wood. Light gauge metel
. -eXtensions had been added to the tips to reduce cleéardnce.
. Both of these fans had blades pivoted and locked to thelr
hubs but could be changed slightly if desired. A sinilcr fan, .
but with lighter hub construction was seen at one of the
des Dijfosorhesnes T . menufactures plants (Fig. 32).. I
KK, Axial FL Pigs 290 L e ’ T T4 single sﬁé?e su§er Sonic Tode I or axicl TIow —
K.K.XK. Axial Flow Fan : 1 . i : o £ & =) . - et -
o and Air ng;gdvgzzigig tolet VaneS» o . o - .- ‘desipn has been tested by . Encke at the AVA laboravo
' B T T - ' B S Cin §8ttingen.-vThe wheel was destroyed and no further
o ‘has 'been done. . However, the blade shape 1is ol in
- Yacause the leading edife was not roundec.as an or
e e foil, butiloﬁgﬁanﬁ'ﬁi@nder,_tspering‘to a polnt.
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botwoon adjaocent blades forms a convor§1ns channol on the
ontoring side, as in o suporsomo wvind ¥toneol, and a diverging

channol on the leavinz side. Flow,kin tho throat of this
pacsago way should have a iiacl, number of 1. If this ocen be

" accomplished, compression will tako place boforc and aftor

tho throat botwoon blades. i/hilo this would cnter a now
Tiold for hich pressurc blowers a morc critical flow condi-
tiogigfists and would sugprest its use only for stcady flow
con ons. .

tultistage Axials.

These are built only by the larger companies. They
are built in any number of stages from 2 to 1ll or 1l2. .s the
pressure -increases with the number of stages, the percent hub
usually increases also. Likewise, the number of blades may
be from 12 to 24 depending on the hub size. Generally the
height of blade is a little greater than the width. ’

I3

- Essentially, the alrfoil shape is thin and without
much cumber. This i1s desirable on account of the very high
air velocity between blades as well as ‘to reduce rotating
weight, It is not unmcommon to pivot the blades (Fig. 32) so
that slight adjustment can be made in their angle. Up to L
stages axial compressors can be obtained with automatic ad-
justment of blade angle while rumnning (Fig. 33). i/hile the
impellers are usually mounted (shrunk) on a common shaft,
two stage fans may-be ecuipped with contra-rotabing impellers.
Two such fans were~seen, one in the manufacturer's assembly
plant end ome in a research laboratory. The speeds of both
impellers should be the sams, thus no curvature to the guide
vanes is necessary. Anobher variation in the two stage

(Fig. 3L) design is to have vanes ahead Of each impeller to

direct air flow against rotation. .This malkes a‘compact unit
and identical impeller:shapes. '

R -.speciAIAaftéﬂfion'is given to the axiél aiignment
of fans in their housings:and the clearance at blade tips.

This clearance ls generally held to one tenth of one percent——

of the wheel diameter. Thus a 32 inch diameter would normally
heve a clearance .of 1/32 inch. In one case thé edge of the

‘blade at tip was ground off on “the back side to leave a sharp.
leading‘edget T . . ' . : o

<

< Housings are cast iron”or‘steel'in‘tﬁé41arger—3izé-_

: and split horizontally. Where elbow type of end bells are

used, these are also split and ‘bearing cast integral with the. .
lower half (Figa'35?;'RWhere few staggq,axevused,‘welded steel 

'




Escher

iyss Axial Flow Compressor
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plato is more comion, avon to tho ocnstruotion of the ond
connootions. Those typos cro not horizontally split unloss
great accossibility is roaquired, aa for oxump{o ghosc
blades having stationary or running adjustment of bladeo

angle.

The niotivo powor is about tho sumo as for contri-
fugal types. Notors are genoerally used up to 3000 Spm and
turbine drives to 9000 Rpm. In gsome cases the shafts are
operated at about twice the fundamontal critical spced. In
other cases, the impeller hubs are shrunk ono to the other
to form the eculvalent of a large diameter hollow shaft.

Two forms of connection are used (1) shrink rings and (2)
stepped and turned %rooves (Fig. 36). 1In this case oporation
elow the first critical speed is possible.

. Jiaterials

Aside -from the cormmron materials, cast iron and

steel plate, the chrome alloys were mmch used for high speed.

Chrome vanadium, chrome mangenese and chrome molybdsnum were
some of these. Chrome-nickel seemed to be used vrimarily where -
stainless properties were necessary.

77T Aluminum and Silalumln (an alloy of silicon and

aluminum) were used some for 1mpellers.

Babbitt with about 10 percent tin was the common
bearlng material. ‘In sofie cases during the war plain cast
iron ‘bearings were used on slow speed as substitute material.

~

Wood was iargely used for some ehemical fans, lead

. for others. No rubber was seen. The plastics, iiiedenur and

Igelit were also observed.' These were drillable but brittle.’

Some experlmental Work was. done on porcelain for gas
turbine blades. The outcome is doubtful but; for temperatures
above that for which alloys- ‘may be used, thls will prove a
fertile field for research. N v )

earigg '#i R : , :_,_ A _
’ - Ball, cyllndrical and tapered roller bearings are
used for speeds up to 3000 Rpm, that: is, ell motor speeds.
Above this speed and for all hoavy multistage-work "wels-

- metal" . (babbitt) bearings are used entirely. These are Ssome-

times .ring oiled and sometimes pressure lubricated, in which
_cases. the oil: is 1nternally or externally ‘cooled, respectlvely._.“




For the high speeds which aro genorally used throughout
Gormany tho finioh of boaring surface as well as the shaft

surfaco is givon great care.

Contor bearings are rare. ‘/hen used, thoy act
only as steady bearings. Except for small or short fans
where "en bloo™ casting is feasible, self-aligning bearings
is the general praotice for both slecve and ball and roller

_types. Tho length of sleeve bearings seems to range from
1 to 1% shaft dimmeters. The use of temperature indicating

devices ‘seems to be prevalent,

Iron bearings were used on some slow speed work,
but more as substitute material. In one case for a
low speed drier, the ball bearings were housed in a plastic
housing and on the slower shaft a plastic sleeve was used,

water lubriocated.

Ball and tapered bearings may be called upon to
take light thrust loads. Some single stage fans have
balancing holes through the hub, communicating into a close
fitting chamber on the back slde to equalize the thrust load.
Invariably, all uni-directional mpltistage fans are provided
with balancing pistons on the high pressure end. Double

~ flow, balanced, types are frequently found on very high
pressure or large volume fans. Where the thrust load 1is not
constant or where axiael alignment is necessary a Mitchell
thrust bearing is used._ ’ ' .

- Couplings

_ The bushed pin type coupliﬁg is the more frequenily
".found type of flexible coupling. They are much the same as
ours but leather is used for the bushings as well as rubber,

o Then there is the claw type of coupling. The
spaces between mating Jaws is £illed with rectangular lemin-
-”atediplates;~—It—is—£or—he&vier duty than the above and also.. ..
cequently found.: Very few gear type couplings . were noticed.

' : For high speed work the'Bibby_tjﬁe coupling.seems.
to predominate. The rim of :each.half is serrated amnd filled
with a corrugated flat spring. This and the pin type have
American countgg;ggrts, o o B
: s Elecfric_motOrq“aré’rréqﬁently_coﬁple@‘to_féns by'”
-step-up gears. Thesé are.usually separate gear housings

!




- right angles to each other and in each of two plamnes of .

excopt in tho caso of Turbo-blowers. Hore tho teeth of the
high speed pinion are usu out direotly on the fan shaft
forging, ng a self-contained unit,

The* Voith-Sinolair variable spoed hydraulio
coupling is somo used for fan drives (seo lr. C.8. Becker's
roport on this coupling). No variable eleotric trans-
misslions seeini, :

Fan Balanoe

In view of the dependence of fans upon good balance
tho writer interviewed 3 balanoing companies whioh furnished
practically all of the machines used by thet industry. TIwo
of these companies were almost totally bombed out. The
third, Carl Schenck of Darmstadt had the latest and most in-
teresting equipment for this purpose. It is not the intent
of-this report to go into complete detall about these :

machines. Complete descriptions will be found filed with the -

original report. However, the basic principles of operation
~ are worth treating here. . )

‘Roughly, - two late types of dynamic balancing
machines are available, the mechanical--and the electrical.
The mechanical system is similar to that found in the U.S.
A heavy compensating bar is made to move in phase relation
with the rotating impeller. The bar can be rigidly locked
in any position throughout- its length. Vhen it is locked
in one of the planes of correction, the fan shaft vibrates
with-zero displacement in thls same plane. The reading of
vibration at the -opposite bearing is an indication of
amount (when corrected) and phase of the unbalance in the.

" other plane of correction. © _ R

" Another variety of the mechanical system is to pro-
duce a vibrating image of the rotating system (Fig. 37). By +
locking the image first in one plane of correction and. themn

into the original forces. - _ o
. . The'eléctfioal!systemn(Fig,"BS)fem@ld&s'mo#iﬁg coil
pickups, amplifier and wattmeter.indicator. The unbalance as:
well as the corrections are made at 2 predetermined points at

in the other, components are obtained which may<b§;reagl19d\—{i%

correction.  Complicated vector diagrams-are thus eliminated. .
‘The neutral point is determined. With the aid of tTials with

~
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ixed masses in. cach plane the foroes are detormined and : 4 of nozzle forms to bo tested. Streoamlino flow shows no
éraphod. Tho syotom 1s vory sensitive and free from ox- distortion of beams but when boundary soparation takes
. Yermal influencos. It is quiock and lends itsell parti- Placo tho heat devolopod distorts tho rays within the
oularly well to cases whoro balanoce woights ocan be ap- hoctod'zono. Method is quiok and easily photographod.
plied at fixed points. This would normally mean L bal- Set-up-used for stationary dlades or nozz{ea with hot
ance weights to be applied. Whero this is not feasible ) alr flow of different velocities for gas turbine devolop-
or desirable the 4 weights may bo reduced to 2 woights, , ment. Sohlieren mthod used for turbulent combustion.
through a simple graph and only the two wights applied, : Alr tosts muoh used by Escher Wyss for developmont of flow
Where weights are bolted or riveted to the fan in the ‘ through pumps and water turbines, °~ o :
outermost planes, the 4 weight method has the advantege .
that a simpler rebalancing job cen be done in the field Sound meter testing developed by Prof. Luboke
when this becomes necessary. ‘ taken at one meter distant from machine and at one meter
1 spacing surrounding it. VWhen shielding of michrophone in
Another variation of this principle (Fig. 39) 3 r flow 18 neocessary recommends use of Fuhrmann Airfoil
has been applied to very parts to be rotated at : : with airvoommunioation at zero points of pressure at re-
high speeds. A sine wave of unbalence is thrown upon : establishment of flow. This is usually over half way back
the soreen of a cathode ray oscilloscope. yith the ald fyom.leading edge.  In propeller in free field, the funda-
of an electric eye (similar to that used for the movies) - ; mental sound predominates the harmonies bélow Mach number
two spots at 90 degrees in each plane of correction are one and the system reverses above that speed.

picked up and superimposed on the sine wave plcture in o
Adiabatic efficiency tests on. turbo-blowers re-

the oscilloscope. The displacement of .these spots gives k. )
e measure of unbalance., If the part to be belanced is ; : ported up to 78.5 percent and with vane diffusers. 83. On
a motor, it is driven under its own power in its own : . . axial stage blowers efficlenocies of 86 to 89 reported.
bearings. If it is an armature or fan, it is operated o . Isothermal efficiency of cooled centrifugal compressors
from a compressed air jet at right angles to the plane . , 65 to 70 percent. Temperature rise about 185%c first

- A A ; . . stage.and about 160° following stages. -

of vibration.

—

‘Patents covering these electrical methods are : 4 .. . - Hot gas fans handle air to_ 350 to 500%. Omne
DRP 710,883 and 745,193, For fans, a number R63 machine - - g company reported tests on a fan for 500°¢ handling -
to balance parts 2 meters diam. by 3 meters long and ] " 450,000 ou, meters per hr., 320.mm water pressure with 75
welghing 100 to 2000 kg. would. require about 15 H.P. and - RS percent adiabatic efficiency. Mine fans handle air nor-
cost about 15,000 marks (prewar value) . R S ‘ - mally at 200 to 250 mm water pressure, up to 400 mm max.
o _ : , _ and max. volume of" air 1,500,000 cu. meters per hr,

Testing: : o B : |
e -  man , PO r . Single uncooled centrifugal  compressors go to-.8
... .. ' . Testing procedure followed standard methods, - : 3 . atmospheres. Low pressure turbo-blowers range from. 3,000
~ Prandtl tube used for velocity pressure and static, SoWe - 4 . %o 200,000 cu, meters per hr. at 3.5 atmosphere while high
atatics taken with flush taps. Straightening Vanés_much . o _ pressure compressors range from 10,000 to 100,000 cu.. .
used, sometimes tube nests. Frequently foundwmult;ple O . .  meters per hr. with pressures up to 9.or 10 atmospheres.
- manometers arranged for simultaneous photography. " : Co S A Nt Atk |
| e 1w Taboratory has - : .. 7 Tests.on an axial flow fan, showing the effect .
o . Dr. Ernest Schmidt‘of'LFAlLabora#oryvhas;de--, o . of gulde vanes before and after the- or will be found
- veloped a unique system of photographing boundary . layer - - . ~ <.1n the Appendix. . ST oo
separation. Parallel sheets,9f<light_are_introquced into = . - - TR B
.. a rectangular system,of:mirrors.‘*Between'twovmlrroxégand TR T e o S
.7 - axisl with the light beems 1s placed ‘a longitudinal section. . . B ;... ASSOCIATED SUBJECTS, 5
e - s SRS SEI S e L - . . < A few paragraphs on materials seen in fan shops .
G T _ S . may bevot'timelyﬁinterest:*"The‘usgg;jcyclone collector =




seon is made with a apiral top. The air, instead of oater- .
ing a ozundrioal surface through a 1ong T _ made of tﬂmush some coppor heaters wore soen, nost were
ing, enters at the top of a oylinder through or -+ - head steel plates'and tubes, tubos are welded into
aqmi';‘gp;nins and is guided &m into gl;otognigd;r tﬁzhush o;° r:ggdnggehggr gg;;od saggnizgd, - One ocompany had fan

as orm. Also, a spiral angle, abou ches ‘ ‘ supplying, heat to galvanizi

is fastened to the 02 taonroons on ths inside to guide : waste heat being used to dry hénters from cleaning 23325.
material to the bottom opening. In some 0asos vertioal or G

spiral vanes were placed at entrance to ths dipoharge stack " construotd as unit heaters seen in a few ocases, using plate
to prevent whirl and recover same of this enorgy. . n h i’ on-for interohinger. Gas fired unit heaters and
. » T mg;::g 0ld hot water heaters favor oombustion without pre-
5' Some round dAuet oonnections were ggon wha:ie the  §  holes d‘;igeaiiﬁﬁ‘gguﬁ:ﬁ&“e ~7°1'l{ small pipes with small
. nar .
ranoh dust entered the main with very long slopes & , | , made with slight yeilowish tg‘:’ slots. Good soft flame is

ohange in shape to cause minimm disturbance.
Dr. Klein reports no progress made during the war

Some rotating dust collectors seen partioularly 1 in ai -
for sintering cement and bricketing plants, Consisted of -t 1 r conditioning. ZLarge underground factories had to be
several conoentric oylinders with spiral plates to lead ; .. 209 ed but this was done chiefly through the use of cold
dust to hopper and sorew conveyor discharge, They were - - - g?terﬁcgils. One tunnel factory visited was favorably
mounted at small angle to horizontal and driven at moder- . i P uated for natural ventilation. He reported axlial flow
ate speeds (200 to 300 Rpm)}. (WDG folder f£iled with ‘ : t gns gaining in use but must be carefully selected lest
_orikinal report.) ~ 7 : ‘ ey get off-rating and make noise. He belleves there is
. _ , ‘ 3 : undue optimism with radiant heating and a good deal of it

_ Bag filters were also seen at WDG. These were of . will be dispelled as systems are put into operation. Where
usual -construction with long oylindriosl bags and striking ; ventilation is nceded the air can also supply the heat.
mechanism with dampers arranged to close off one section at ; ’ . : :
a time prior to shaking, i - ‘ . _

. - Only one air washer seen.. This had two banks of
sprays, both opposed to the alr flow,. Followed general .
- 1lines of construction as ous exoept spray nozzles were made .
of porcelain. Nozzle was customary spiral type, each plece, -
body and cap, molded oompletely.finished. Cap was screwed - .-
and cemented in place. T T T S
: . - Most.of the unit heaters were ‘extended surface,.
“plate type. F¥ach plate assembled with numerous tubes of..
_ about -3 diemeter,  Anotmer variation was a patented con-.-- . ..
. struction (Pollrich) using smaller plates of ‘equilateral. . = .
_triangular.shapé' containing a group of three tubes.onlye . - .~
These were .so nested in the heater as to make prectiocally- . -
a continuous surfaces —Some spiral-fin-heater surface.on. .
about 1 inch diameter tube was. seen. This was constructed . . :
“-1ike perofin. Fin spacing of plates was gbout. 1/10 inmeh, ~
spiral construotion somewhat greatere - . ... e ‘

-l




~==== APPENDIX ===-- INTERVIEYS

Books and Pamphlots " o C
Atles Yerke A.G. Munich, Xuglmillerstr.l0 Dir

Ventilatoren, by Bruno Eok. Springer 1937 (out of print) ' premany piaayoT+ Zenneck.  Asoustioal work done at

X;l;‘bil&tOign v%rldgtandpung o Kog.gil Delghmanognd c
al Geblése Vom ‘ -Keller : Op mimy -
Sohallabwehr (sound) in Bauw and Machinenwesen | g.v,n, Aeroayramische Versuch Anatalt. G3ttingen
) esearch Laboratory - Mr. Encke on axial flow fans.

E. Luboke Springer 1940 ; e e
Einflihrung in dg Tgohnisohe Thermod%na:{iﬁ by E. Schmidt : Dr. Holstein. ]
‘Znglish ed. 1 G de 1
orotisohe Bin? T o Cag dynan BB Brown Beverl Co. Office, Heidelberg, Robert

Theoretische Ein in die Gas dynamik by Dr. ) 1
Robert Seauer Springer 12&3 ‘ i o 5 I %msen iﬁoh}\élag Keplerstr. Mr. ckritz, Sales Plant,
Hydro v Aeromeohanfk by Tietjens (vom Prandtl) b ' Mannhelm, fertal Kronprinzenstr, Dir. Meyer,
Springer 194k : Engineér Crlmer,Cent. and Axial Compressors.
Aerodynamik der Luftschranbe by ieinig. .Springer 1940 ‘
Report by Dr. Billing on sound distribution about
rotating propellers AVA, Uk, Nr. 3150
Report by Prof. Incke of AVA on exial flow fan work at
GBttingen Laboratory - } .
Staubbek#mpfung (combating dust) in der Industrie by
Bodenmflller in Der Bergbau. Sonderdruck ans Nr. 21
. vom 1k-October 1937 : o -
. Axial Blowers, W. Gaehler Escher 1iyss News Vol. 13, 1940
Compressors and Pumps (inocluding heat pumps) Escher ~— .
- Viyss News Vol. 14, 1941 e
Aerodynemic turbine with closed eircuit, Prof. Dr. Je
Ackeret and Dr. C. Keller. Algo %'igmpar%.:uﬁ wi;‘:!h : oo » .
i : . C.- Keller _Eschex Wyss - : . ‘ S '
_1?,2;’,3"—‘13:;“&4%%? ‘l'zurb;.ne”sb—by, pr Soe : - ‘Y. ~ : ‘ D.V.L. Deutche Versuchanstalt fur Luftfahrt. Dr.
. Propeller Vibration by Max Schilhansl. Der Deutsehen - -.. - - Ernsthansen reported in Helmholtz Inst. Brannenburg
, Aksdemie der Luftfahrtforschung. vorgelegt am 3. : Innsbuch. Dr. Van der Null reported in Berlin,
© Mai 1942 o o o ' - | L , g o
Stresses in Rotating Discs (Keller) by Dr. F. Salzmann: . S Dr. Ernsthausen. Vas unable to be seen Specialist on
. Escher Vyss News Vol. 11 Noi 3 ’gu%y, S‘eIS;. 1938 R . - Sound. . R : o : |
- Der: Einfluss ‘Aerodynamischer Eigenshaften aul ' .. C T S ; ) ST o . -
b 11feld U Strahl leistung einer ILuftschra S , scher Wyss. Ravensburg. Mr., Schwab, Commercial Dept.
%%an%f; Ernsthause_nl,mikustischg JZeitschrigt - ... - oo : . ;'lﬁlrbo-Blowg;cs a;xd Compressors. ’ Lo ) P
- Regeiufxg} wgrlén_,Kreis‘elverdicntem*by‘ Dr. Ing. F. Kluge . . = 11,  Exheusterenwerke Nirnberg. Maximilllanstr. 22
g eitschrift ‘des Vereines Deutscher.Ingenleure . . ~' - S Fully demageds - . . S
Frankfurter Machinenbau, formerly Pokorney &

C . Bd '8%(_191_;2 Nr. h}li hf Ll g SRR ht {or L e, : ’ o
‘Das Turbogeblfse in Hochofen und Stahlwerkshebrieb . -~ . ... . b ind T - i
: g : Wittekind Frankfurt am Main. Solmstr. 2/26 Piston -

B.M.W. Bayerische AMotoreﬁ Werke, Munich, Bngr. Kar
Fickert. Altitude chamber for 3et engix’zes. ’ 1

B & 17 Babeock and Wilcox. Oberhausen. Dr. Ing.
Jantscha. Forced and Induced Draft Fans. '

Daimler Benz. ZEislingen. Zxperimental Lab.
Michalsky. Turbo Superchargers. Also He'inin?;;‘rfor
Dr. Otto Schmidt. Also Tunnel Facotory at Wiesensteig. .. . .

Demag. Duisberg f(ertl_;auerstr’. 64 Eng. Moritz, Schierl
gnd, Dr. Engel. Turbo-blowers and compressors.

o . .
N s 4 i T o Ao b donclg it

by F. Kluge. Bericht Nr 98 des Machinen- . . | . . lcompressors only.

. . ! . . [
, - B

" ausschusses des Vereins Deutscher Ei‘s'e';mﬂ_tti'einlveute‘ o :

" im NSBDT




ungshitt sktiengesellsohaftt Oboerhauson~-
i e mega K\°u' xoohng.ndfxrnoab « Turbo

Bterkrade
Blowors and Centrifugal Comproessors.

Gobruder Hoffmann Darmstadt, Pallaswiesenstr. 72
Completely bombed out. i

Ceorge Kiefer Maohinenfabrik, Stuttgart Feuerbach
Heilbronnerstr. 384-390. Mgr. Otto Kiefor. Fans
and Air Conditioning Equipment.

Dr. Ing. Albert @ o Lautemja-aoher Hﬁs belj:'a gad.h:L
Zeinach. Air Conditio neer. o ships

artt % at Stuttgart and !
Zuf fenhausen.

Luftteoknische Ge

K.E.K., Kihule-Kopp and Eausch Aktiengeaellscnart.
Frankenthal/Pfelz - Br. Winkler end Dipl. Eng. W.C.H.
Graef, Azlal flow fans and turbo-blowerse.

L. F A. Luft Fahring Ansta.lt (Similar to YWright Field,
Dayton) Brunswick. In woods near airfield. ZProf.
Ernest Schmidt. (Prof. Dr. Eckert evacuated) 1ind
Tunnels and Gas Turbine Researoh. : .

'Prof. Ernest Iubcke, Berlin, Wesvend Allee 92 d.
Formerly with Siemens Schuckert, Berlin. Sound.

Weingarten Machinenfabrick, Weingarten. Dr. Lutz.
Make .punches and shears comparable to olearing,k }
: Toled.o. "No fans. : .

Eeinrich Meierling, Ventilavu.en Faorik Laufenburg/
‘Baden Willy Meierling. . Low and High Pressure Fanse.

. Motorwerke Mennheim (formerly Benz) Ma.nnheim, Carl
Benzstre 5. Medium speed Diesel engines. No fans. o

milller and Neumann Specialfabrik Luf’ceoknischer
Anlangen, ‘-Iuppertai

) Friedrich Pelzer Mach.inery Coe. Dortmund, Ka.iserstr.
: 176/a - Engr 'W. Ocken.  Swmall fen company

Anton Piller K.G. Osterode/Harz, Abjunst 2l Mgr. (Von L

N

Minden. _ Mostly small cast iron blowers. »

/Barmen, Rott 20. No one ab plant.'

m.na.mgisme.smx«géwm s depispenpEes

Pumpenfadrik Urach, Urach. Dir. Konrad Beck
. . or
Bydrauno and air ocmproaaora, piaton typo. No rana.

R. Boharor v Urbaoh, Ratingen, Kaiaemtheatr. 26 b.

Piston compressors for air and water., No fans,

Carl Schenck Machinenfabrik, Darmstadt, Landwehrst
55, Dir, Buschner, Dr. rede:’:n. Dynami 8 . Ber
Mac’:hinea for Fans: : ° Balanoips

G. Schiele and Co. Eschborn. . Ch., Engr. F.
Haokmann,. Most speoial rans.and blowers., A

Oscar Sichtig and Co., Karlsruke, Rheinhafen sndnoh
gg:gst 3, Mr. Penz. Fans and ai:" ‘conditioning equip-

Julius Springer, Berlin Publish o .
Juius | 'glow. ’ ’ er Books on ':l'aos,

Kaozmarek . Stefan: Ing Neu Ulm, Wilhelmstr. 25

‘Heating Engzv central systems.

: e
. Trebel Co. Dﬂsseldorf Munsterstr. 21-
. machines. Totally bombed. 4el-7 Balancing

‘Ven. der Null, DVL Berlin. Gentritugal ;fén_ design.

Evacuated to England. '

" VeDoXo. - Vereln Deutscher Ingenieur, Berlin.' Faxi and '. |
2 ,_compressor Codes. _ o

7. “TM. Voith, H idenhoin/Brz. Wm. Kugel Ch. Desi or
= ‘:_‘Hydraulic cou‘ling_ .Axial flow fans. ', o gn

!

Plant olosed]‘ i
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"plant at Eassen made mine fans. Mr. mttom ab
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AXIAL FLOW PAN TESYS

, 8ho1rl.nﬁ Various Arro.nﬁemonta of Blades and Vanes
Te ‘VYoith %o. oidenhem April 13, 1944

Dr, Sohilhouse, Chier Baitor . -

axial £io ngew%gg oA sg rsﬁgegggg °u'Fve;r ggow the
relative effect of plaoing ourved vanes before and after
. the runner and when before, the effect of curving the

vanes with or against rotation. The values 'Dlotted are
in dimensionleas units as mdicated below. A synopsis
of the report follows:

frgﬂose‘ ‘The problem was to operate an’ enﬁ e cooling

an for the VDL from point 1 (Vol. Q=5 7530., press.
650 mm water) to point 2 (Vol. Q = 140 m’/sec., press.

320 mm water) with a constant speed motor of 850 kw.
The efficiency must therefore be at least 53 percent for
point 1 and 65 percent for point 2. The basis of the
.design was a characteristic chart of an axial flow fan
tested by B. Eckert and reported.-in.the 1940 yearly - :
‘edition of German Aeronautical Research Society, p. 270.
(Data not available as yet)

A The following symbols are used:
Qo -

= - where V) = hub ratio
F blower ; (' ;7 :

= na‘_g angular verooity : .

b 2 half of the air demsity. =1, 25 kg/m3
2‘3 ) N the spec.. grav. of the .

= T A PTO""'-" = total pressure drop ( 1mpeller &: diffuser)

b
i
{
|

in m,- water , .
volume in m3/sec. T ; -
torque drivn.ng the blower shaft in mkg.
‘ a:d.al thrust of the blower 1mpeller in. kg.?_

= CLm . coefﬁ.cien‘b o:f' flaw
ff'c."-‘f' v g




h : mnnondahl
made. pitoages and struoctural atool.

"plant at Essen made mine fans. MNr. Zottelna?u‘ at
Pssen. Mgr., Dissmann at Bodhunms

olatrl.t
Gebx. VW o‘lstrator former 5 39.1‘%2

--Yupper uﬂO °
anipnelmnt vls.nkolntrator. rams and Mr Gomlitioning

Equipment,

AXTAL FLOW FAN TKSTS

Various Ar emonts of Blades and Vanes
J’. +« Voith %0. - oidonhoim =:-April 13, 1944

Dr. Sohilhouse, chier Maroinowski, Taitor

axial fIow PagViibeoze. ’%"'3:’?.&"%383 8% BotPthe

relative-effeot of plaoing ocurved vanes betore and after
the runner and when before, the effect of ourving the
vanes with or against rotation. The values plotted are
inh dimensgionleas units as mdicated below., A synopsis
of the report follows: :

;Qose‘ The problem was to operate an° eng} e cooling .
an tor the VDL from point 1 (Vol. Q = 5 7860., press, -

© 650 mm water) to~ point 2 (Vol. Q = 140 m5/sec., press.

320 mm water) with a constant speed motor of 850 kw.

The efficiency must therefore be at least 53 percent for
point 1 and 65 percent for point 2. The basis of the
design was a .characteristic chart of an axial flow fan
tested by B. Eckert and reported in the 1940 yearly

‘edition of German Aeronautical Research Soclety, p. 270.

(Data not available as yet)
The following symbols are used:

_\%g = angular verocity
i = half. of the air density.. “'- 1.25 kg/m3
’ ‘3 _ ‘the spec. grav. of the .

- Cpm = , = where \7 hub ratio
.om _ F-blowor ; (' 51 SR _

\

= total pressure d::op ( impeller &z diffuser) '
in mm. water

= volume in m3/89°- 4
" - torque driv:.ng the blower shaft in mkg. \
ax:lal thrust of the blower 1mpeller in kg.r'

>~1 (r————c-!n—rooefii‘-icient_of_flow

q. SN




Y = A(EMGI)-'.:. coefficient of prossure
raw)* .

= = total offioienoy of thev blowexr
% Fl"&’j: ' . o
ks= = coefficient of thrust
. . Toa B0 ’rr‘g v e .

k,= M = coeffioient of thrust (respect

d ; 3 ing power faotor) .
'a(r‘w)rr“ . o

Evaluation: gharts BI/E,CA, 6 éhgw the regultg azzording

ents .

shows Eﬂg 3 %hro%%l?ngnourvggsggg.%Xglgero isgana g)

construotion. Charts 31/9, 10 show the thrust kg and - ..

torque ky respeotively. - .

t
i

SENEEEEEN
— MDA
G~ N-Apst oS

Results: Curve satisfies point 1 but is too low for point
2 unless the impeller vanes are turned about +150. In
that event the efficiency is too low. Also, 1t would be

' hard to make wariable pitched blades with such a high hub.
ratio. Chart 31/5 shows the influence of changing vame -
angle, both with standard bladé-angle and with #2°. Also,
k3 (max) lines are given for  these two blade settings

based upon actual power available, where kg (max) .= <0764 .

Suzrestions: It is seen that the curve W~ @ must ' .
be shifted to the right. One way is to use fewer blades |
but that would drop the pressure for point 1. ~Another: way . .= -
is to ochange diameter, hub ratio or even the speed.: In . -
-view of the fact that smooth flow must be maintained all.
the way from point 1 to point 2 little is to be gained by
thege devices. In any event point l-is likely to: become

. unstable unless a by-pass is used for-that portion of: the.
curve, which by-pass is recommended. -Also, 1t is suggested
that the impeller angle be increased 20 and blades made . . -
so that further slight adjustment can be made if necessary. ~
Also, it is recommended that the vanes ahead of the im~-- . a
peller be made adjustable and this will give -a broad . '

. characteristic curve which seems to be what is required of .

. ‘the specifications, = = T S
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 ARBIRASE

s

States the general lack of new dsvelopment and descrides

with 8 illustrations-the features of useful improvement in design
- -~ 0% .one-high pressure.chemical pusp,..six.lubricator pumps.and one.
. Totary supercharger. 2 peges of text and 8 11lustrations.

. . »r




Ml. J.ubrionon apd superchargers manufactured by Bobert
sch \nu u\vutuatcd ard in general 44t was found that their present
: , , ) ’ designs follow well ‘standard practice. Ths following report de-
Sxdiect . ‘ . soribes sbme unusual features which sppear to be umrmnntl over
- - pm’.o\uly known designs.

T TR N P PO !ho 1llustrative drawvings referred to are-shown on Pages U
Seation I. High Prossure Cheuical ?hﬂd. Pusp oL “through 10 and are identified by figure mumbers corresponding vitb the e

Soction II. Fbrco Foed Lubricaeora pumbered paragraphs of the report.

Yoreword

" sECTION I

. 1. . Drawing Pllz5192/1. illustrates a apeoia.l pump devel-
oped for I. G. Farben Industries to punp chemical liquide, which may
be of corrosive nature, at pressures of 10,000 to 14,000 #/sq. in.
The delivery valve assembly of a standard.Bosch, individual type
’ - Diesel injection pump, “is replaced by the apparatus shown on above

PERSONNEL OF TEAM . ' : drawing. The high pressure pump plunger-is returned.by & spri (u)..

) : : ‘The suction valve (15) is at the side and two discharge valvesn%
Mr. 0. D. Treiver - ‘ and (12) at. the top of the pump.

Mr. Arthur Pope, Jr.
Mr. R. C. Mathewson ' ‘ ' : _ Using a suitable fuel .or.a lubricating oil in the

atanda.rd. type of pump, pressure is applied to the underside of 4he
spring loaded plunger. - This acts on the smeller plunger which-does
the actual pumping of -the chemical liquid. The quantity of liquid
. delivered: can be ‘controlled by movement of the standard type .pump
-control: rod to by-pass nfore—orlesrof*the—cylinder—volumru—ma,
be desired. The design also ensures ‘that when corrosive liquid .is
“‘being: .pumped, none of: it can come in- conta.ct with the working parts
of the atanﬂs.rd type pump : - .

Section III. Poaitive Rotary Supercharger'

Appendix I. List of drawings

SEGTION II

Fgrce E‘eed I:ubricatoro

: : Ro'bert Bosch have s')ecie.lized. in the manufacture of

s force feed . lu'brica.tors and .the following are developments of 1ubr1-
cooaneators:s ‘made 'since’ 1937 vhich- en'bod,v some of the Bosch standard :
PR lubncator design and parts. .. S

rawing MGA-6/
irth via.tion engine vith anc feed.s, and without
0y i e feed. per strolre 1s around




.4/ Drowing SP/NU3/1, illustrates a lubricator vitb am ' . , R =
axial cam operating & single threc dismeter plunger. "The largest ~ = n ARl SR S T .
diamoter being forwed by the drive membor and the two parte:secured P B Sy o . - :
togethor by a pin. - This plunger, by ite reciproocating and rotating P L ~ . JN11 size prints of the drawings from which the eight
motion, acts as a piston valve to oontrol both inlet and outlet ports. figures wore taken have besn forwarded to the Joint Intelligence
Flat spots on the plungers provido ths port controls. -Bach of ths Objectives Agency, Room 2213, Munitions Building, Vashingtom, D.C.
-~ three diameters-thus provides s pusmp;-one-at -the-outer-end.and the. v 0 re detailed reference,
‘others between the smaller and larger diamoters of the plunger.

5. Drawing CE230064, shows s design of ludricator of the PEZ5192/1 - Indirect High Pressure Pump,
multiple plunger, "barrel" type for use on two cycle engines with a . _
. control to vary the lubricating oil supply with varying engine load. : HGA-6/3 = 8mall Oylinder Imbricator.
6. Drawing OEZ2531/D shows an individual plunger, embloc MOE-6A1 - Bix Unit Barrel Type Oylinder Ludbricator.

" type lubricator designed for prescures of § 000#/s8q. in,, used -fox . R
pumping the oil for cooling and sealing of 2 high press-u're COmpPTOssor. - - 8P/BU3/1 - Three Pump Ludricator with One Rotating
! : ) and Reciprocating Plunger. :

7. Drawing OEZ3057UC, shows an individual plunger, enbloc . . i
" type lubricator made for German Navy stesm engines to deliver 5 mm3 5 OE23006A - Multi Plunger, "Barrel® Type Lubricator.
per feed per stroke at 14004 per sq., in. and designed so that delivery L )
could not be affected by counter pressure. . : - 0EZ2531/D - Lubricator for Pressures of 6,000 pounds
) ‘ 2 ‘ . . ] per Square Inch, :

—

OEZ3057UC - Indbricator for Steam Engines.

C SECTION IIT , o ‘
Positive Rotery Supercharger’ . e I 'PEZ908E/1 — Vane Type: Supercharger.

s 8. Drawing PEZ9088/1, shows & positive, rotary vene type. -
blower. A few experimental samples were made. It has two fixed
venes in each rotor and was—designed for operation up to 4,000 EFM .
"and to have .a capacity of-3 liters per revolution-at. 4 to 4.5#/sq.in.
discharge pressure. - Volumetric efficlency was-80-to-85%-and-adia~———
‘. batic efficiency 50 to 55%. It was stated that the unit was -con-
sidered noisy at 4,000 BPM. - " cl0 T _ S
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" ABSTRACT

Information, desoription and methods of ocaloulating the

regenerators used in the Linde-Frankl installations are given,-

as well as overall utilities and space requirements for oxygen
producing units. . . . N ‘
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% INTRODUOCTION

S The Gesellschaft fHr Linde's Eismasohinen A.Q. in
Hollriegelskreuth near {unioch was visited on June 6th, 1946, ~
The purpyose of the visit was to obtain information on the

-.regenerators. and centrifugal expanders used in the lLinde-Frankl. ...
installations.

" ‘Bvaluation:

. ‘Dr. Rudolph Linde, Dr. J. Wucherer and Dipl. Ing. C.
Hoohgesand were interviewed. According to ir. Linde the
centrifugal expanders for all their installations were
manuractured by "Surth Maochinen-Fabrik™, near KBln, and no
information on performance uata was available at Linde.- This

‘ subjggt‘will be covered in a suybsequent report after a visit'
to Slrth. .

Guide to the Reader:
The reader is‘referre& to a report by H.M, Weir,

U.S., CIOS No. 30 - XXVII - 55, whioh covers the subject of
gas liquefaction and fractionation .plants built by Linde.

“.1.. General ' Lo

- .~ Until the appearance of a patent by Matthias Fr&nkl
(DRP.490878) heat exchangers were employed for cooling air
before its liquefaction and separstion. The exchangers = .
.. . heretofore employed consisted of well known tube bundles, in!
- which the warm air was cooled by the cold separation products
‘leaving the fractionation columns. For greater erficiency of .
- these heat exchangers it is necessary to provide lerger transfer
- surfaces,. longer gas paths and/or higher gas velooities. -
- Transfer surfeces of this type are expensive; . furthermore, = .-
- inoreased gas velocities cause an inorease in the pressure drop.
of ‘the gases, h in the anelysis increases the ‘overall
ppwer,qgngumptio - of the db “the efficiency

o -
pn

Description




some U as those traquontiy employed in the metallurgioel
1nduat¥§? There, howaver, they reuched a maxioun effioiency
of approximately 80%, while in the separation of air, gold
regenerators with an efriociency or aore than 99% have been

‘constructed.

’ These regénerators are oylindrigal vessels 4 to 5
meters high, of suitable diameter, filled with a paocking
having the greatest possible surface. The general arrange-
ment is shown in Figure 1. The flow of gases is controlled
by regulating equipment at the top of the vessel, which 1s
actuated by means of compressed air, while automatic valves
are provided at the lower end. Two cold regenerators always
operate together. For this reason four regenerators must be
provided for the separation of air: one pair for the heat
exchange between the air and the oxygen produced, and one pair
for the exchange between the air ana the nitrogen.

The operation is as follows: the air tlows down-
‘ward through the first regenerator into the separating
apparatus, waruing this first regenerator and thereby cooling
itself. The separation products leave the apparatus and flow
upwaras through the second regenerator, cooling it while they
are wermed. After 1 to 4 minutes the valves are auto- ,
" matically reversed, the air is cooled in the second regenerator
and the cold separation products are warmed in the first |
regenerator. - From the fact that air and cold gases flow™
‘through the cold regenerators in opposite directions it is
apparent that these vesselg act as counter current exchangers..
. The reversal periods are sSet in such a way that the - -
temperature fluctuations at the upper and lower ends of the
regenerators do not become too great. RN

4
Y

3.  Comstruetion - . .

S Figure 2 shows the packing materiel used by Linde, -
" “which was proposed by Frénkl and proved to be the best. - This
material consists of a.25 mm, wide corrugeted aluminium strip
~wound in a flat spiral of such a diameter as to fit closely
the inside diameter of the vessel.  These 'pancakes"-aTre held.-

together by clamping wire and are piled one on top of the . . - -

other-into the vessel.: = .. o

. . 4.  Design Date - .

.7 Figure 3
rege tors, i

neters of heat exohangs surfaoce.

. purity required for the synthesis of ammonia. : The real field.
',_of.application‘of Tregenerators is. the production of oxygen of

Aocording to D-. Wuoherer the apparent speoific
weight of this packing material is one third of the :
specifioc weight of aluminium. For air pressure at 4.5,
atmosphers pressurs they use 0.3 kg. of packing / 1 ou.m. of
air /phour. For air at 1 atmosphere they use 0.38 to 0.4 kg
of paocking / 1 ou.m, of air / hour. 1 oubioc meter of : :
assembled paoking of this type gives approximately 1000 Bquars

For more details on calculating regenerators the
reader is referred to an article by H. Hausen entitled
"Approximation prooess for caloulating Heat Exchange in
Regeneratora™ Z.Angew. Math. Meoh. Vol.II (1931) No. 2.

5.  Advantages

The high efficiency of these regenerators has
already been mentioned. Also, it can readily be seen that
their cost is very much lower as compared with. tubular units.

To the above must still be added an important
advantage of the cold regenerators. In the old processes
all moisture and carbon dioxide contained in the air had to
be carefully removed prior to the introduction into cold

"heat exchangers. AT not - ice and solid carbon dioxide

obstruct the exchangers very rapidly. - With the cold : .
regenerators, the ice and solid carbon dioxide- are deposited
on the packing, and followlng a reversal of the flow, are
subligid and thereby removed from the regenerator during its
operation. , : oo — ' » . -

6. . bisaﬁ%antages'“" )
’ ' As explained abd;é;'the air and the séparatioﬁ i

- products flow consecutively through the same vessels. - There-

fore it is not possible to produce absolutely pure fractions; °
at each reversal the volume of the air trapped ina =~ -

. Tegenerator is mixed with the fractionms. . ‘Furthermore, the - |
‘products ‘are also polluted with the water vapor and carbon =~

dioxide picked up from the acoumulator. -

o As d;dd?séquehéé'of,thefébové when using - . -
regenerators, it is .not possible to produce oxygen at 99.7% - -
which can be made" by standard methods, nor.nitrogen at 99.98% .

to 98% purity.




TIES Heq

Figure 4 gives the power oonaumption and oosts of
Linae-rrankl installations.

Figure 5 gives power consumption and ocooling water
requirementa ror dirferent types and sizes of oxygen and
nitrogen producing units. 4
§ 4 Svickatelt

Figure 6 gives space requirements and weights of. 1
different oxygen and nitrogen producing units.
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- Fig.
(.ouple of cold accumulntors.
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Briefly desoribes prooess and equipment used at I.G. Farben-
industrie Plant at Ludwigshafen for the produotion of z-oggyl-
anthraquinone. — e
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| . ..INTRODUOCTIOLN
objective: . - . . s

At the request of the Dopartment of Comrerce, a brief
.. _8tudy of the production of 2-ethyl-anthraquinone was made.,. The . ..
‘Ludwigshafen Plant of I.G. Farbenindustrie was visited on July 9,
. 1946, All information was obtained from Dr. F. Teller who'is in
- oharge of the production of this ahemical. -

g

Evaluation: . - et

The plant was built durirg -the war and production started
in 1942, The highest daily capacity attained wes.3000 kg/day,
however the maximum monthly production did not exceed 40 to 50
tons. The plant was damaged by bombing and the total production
of this material urtil the end.of the war amounted to approx-
imately 120 tons. ’ .

Guide to the Reader: ]
According to'Dr,tféliei;'éilidrawings, records and operat-
ing data were burned during bombing attacks., The flow sheets

accomyranying this report were rapidly sketched during the visit
end may not be complete :in allidetails. ' B

CHENTICAL BASTS OF THE PROCESS AND YIELDS

‘ ,‘General . I . , » : .
o 'In'fhe'fifstiétgp bf the 1. féeés,'ﬁ-éﬁhyl-benzoyleof,
‘benzoic acid is produced by adding at 35 - 40°C., phthalic an-
_hydﬁidefto*ethylbenzegenjnwpgesence'of aluminum-chloride, using
_an excess of monochlorbenzené as solvent, It is a Friedel-Crafts

cOn@énSation~:egqti IS SRS '; S e
" In the second $tep of thé process the p-ethyl-benzoyl-o-
_benzoic acid is reacted at 85 - 879C. with concentrated sulfuric-

: ' ect ' e, with the production of 2-ethyl-an- -




" follows:

ce

1) 2-ochxl-bonzoxl-o-bogzogo=ao;g -

The formation of this ohemiocal can be represented as
follows:
P s /
e

co
N

/ i : \
\ co CHz. CHy N coor v CHp.CHy

phthallo anhydride ethyl Senzonb ethyl-b-acid

Ce H4 03 08 Hlo clﬁ Hl4 03
M = 148 M = 106 M = 254

Thggrebically the following weights of materials are involved:

570 kg.+ 408 kg. = 978 kg.

Practically a yleld of $0.3% of the theoretical is
obtained and 0.903 x 978 = 883.5 kg. of produot are recove;ed

from the above quantitles.

In this report this product will be referred to as "ethyl-
b-acid® - : : o . '

2) 2-ethyl-anthraguinone 5 . .

' The‘formﬁfioh3ofzthis ohemical cen be fgg?esented as
~0 . :

B ) ‘ ' o . ,___. .
‘ethyl-b-acid.
©Crg Hy4 O3  Cyg Hyp Og -
. Maess4 . . Ma=28
'.TheoréticaliygthéQfolloWi fwéigﬁﬁ*ofiprpduct should result

100 kge SO ' 192j97kg¢q§‘{' IR

' Practically a yieldfofﬂ75;33%’0f‘the;theoreﬁiqalhis?obé_
: tdined, and 70:kg. ofﬂcrudefethyl;anthracuinqne are.pptainedv
from 100 kg. of ethyl-b-a S e T

 '*2-ethyl-anthraquihone:, ‘water™ |-

Ed

PIRST STEF - fRODUSTICKN OF LTHYL-B-AOID
. See Flow Sheet Fig. 1 )

1. Process Description

3400 kg. of anhydrous chlorobenzene and 430 kg. of ethyl-
benzene are pumped from storuge tanks 1 and 2 into oondensing
vessel 3. The agitator is set in motion and 570 kg. of dry
phthalic anhydride are slowly introduced into this vessel.

1055 kg. of pure aluminum chloride, free of iron and
passed through a orusher are introduced into the condensing
vessel 3 over a period of 5 to 8 hours. With the first addition
of ‘AlCls, ceramic fan 26 is started: gases driven off during the
reaction, consisting mainly of HCl traces of carboayl chloride
and some ethylbenzene and chlorobenzene are conducted through a
porcelain pipe to porcelain wash tower 25, through ceramic tower
27 and discharged into the atmosphere. Both towers 25 and 28
are provided with spray nozzles and water is used to wash the gas.

_The wash water is collected in tank 6 and discarded. In order

to prevent losses of AlClS_the chlorobenzene and the ethylbenzene
must be very pure. ’

.. . The condensation operation is started at room temperature.
After -the raw materials are all introduced, the charge 1s agit-
ated for another hour at 35. to 40°C. maximum. It tekes about 10
hours to perform the whole operation including charging -of raw
materials. This operation is performed in a batchwise manner and
two condeasing vessels are used. ' ;

" ‘From the cbhdensing vessel, the melt is conducted to prop-
ortioning pump 4 which discharges it to decomposer 5. The melt

" enters the middle of the decomposer and flows over a porcelain
-distributing tray. To this place is also introduced 10% - sulfuric
‘acid from storage tank 28 in a volume_ ratio of 1 part of acid to

1 part of melt. The decomposer is filled with clay balls below -

Cos—thedistriboting tray-—This operation—takesfabout_6_$o—¥—hours.»rfv

T The'meltbat 859 to 90°C;.rlowsuslowly'from the decomposer
to decomposer separator 7, in-which decantation takes place. The
melt should run uniformly and should ‘be hot. If it cools down

“.Lhere is danger of crystelline obstructions forming in the pipe
. lines which are difficult to remove. - AlClg solution is with- o
“drawn from the bottom :and the ethyl-b-acid from the top of the ..

‘7> The ALCI. solution flows—to.separator. 30 where a

'tation“is“ erformed; any entrained,chlorohenzene‘is‘f"'“

fahdkéentgtofcrude'chlorobenzege storag9-; o
chlorobenzene distillation system des- .-
1ol “withdrawn:from the bottom and .

“install an- aluminum ‘@ -




recovery systom at a later date.

Tho ethyl-b-acid ooming from separator 7 enters the bot tom
of washer 8 where all aluminum- salts are removed, by agitating
the melt with 1 ou.m. of hot water at 80 to 900C., per batoh. .
The melt leaves the washer from the top and enters washer 86D-
arator 9 in which another decantation takes place. The washed
melt is withdrawn from the top and the soparated wash-water from

the bottom.

) The washed melt is then introduced into the bottom of 6x-
tractor 10. Also 2.7, NaOH coming from storage tank 29 is intro-
duced into the extraotor. The caustic soda must not be stronger
than 2.7%, otherwise the separation in the next step is not sat-
isfactory. The temperature should be about 80°C. and 160 kg. of
100% NaOH are required per batoh. X

The effluent from the extractor leaves it from the top and
flows to pure separator 11, where decantatlon takes place. The
chlorobenzune is withdrawn from the bottom and flows to orude
chlorobenzene tank 12. Centrifugel pump 13 takes suction from
this tank and discharges the crude chlorobenzene into contin- .
uously operated evaporator 14, where a temperature of 130 to 140¢c.
is maintained. The distillate is condensed in evaporator conden-
ser 15 and enters evaporator separator 16 _where dec¢antation takes
place. - Water is withdrawn from the top. The chlorobenzene with-
drawn from the bottom is dried by passing through two towers 17,
conneoted in series and packed with solid caustic soda, and is
returned to chlorobenzene storage tank 2. : . TR

'From-the'ﬁpp of the pure seﬁafatdr—ll, the sodium salt-of
ethyl-benzoyl-benzolic acid flows to two buffer vessels 18, prov-

' 'idedfwith—agi%a%ersf——mhe_solnhian_ig_wiﬁhdrawn,from”the bottom

" should be fed, to barely turn congo red indicator yellow, If too

~and conducted to buffer separator 19 where decantatlon takes
“place. The last—trace 0% : are wit! '
bottom and reciprocating pump 20 taking suction from the top dis-

- charging the liquid . into preclpitator 21. In this vessel. the

ethyl-b-acid is precipitatedlat’zs‘tO’SOQC.vby 10% ‘sulfuric - o
acid. The liquid and the acid are introduced from the bottom and
the effluent leaves from the top of vessel 21. Only enough acid .
much or too little acld is fed, ‘troubles are ‘experienced in-the-
next%operation.j‘The%precipitated'ethyl%b—acid~coming frqm,the” ,
-t0p16f=precipipator‘2l"goeSﬁt0ﬁrotarwailte The ethyl=b- =
acid oake is washed neutral by water fed t ) zles

wjvand,by,dilutingfthe‘product,withﬁwaterﬁindthe~f11ter;tﬁay;;‘I
gany,phlorpbenzene‘getsfintO“t

4 precipitator it mey damag ‘the
- £il loth of the rotar ' i B '

e _ . -

‘does p'cppyain_agy,&ttyl4be id.

The filtor ocake drops on a belt and is conduocted to she
::{::“23;;a§h1: gako*ahggldibg n;utral and the amount of wuahit
- usted aocordingly. rom thers the -
uot 1s filled into barre;s.u?v e final dried prod

As already mentioned above, a yield of 90.3% is obtained
and igidﬁg.'or ethyl-b-aocid are ébtained from 100 kg. of phthalio -

2. . Plant Capacity end Utilities .

.When operating with two condensing vegéela it is possible
ggnggtzogsbitohgs gegsgzykand the plant capacity under ghose
8 abou g. ver day. Here is ¢
for each operation: B y o he time Fequired

Condensation (including charging)........about 10 hrs.
DocompositioN.eecsecoccssccccsssessscencs 6 =
Extraction'....".............O......’... “ 6 "
_Precipttation..'...A...Ol'..A...l‘..“..... " 12"
grying.a..i."iéé........Q...l........'.‘.. " 12"

. or producin . of e -b-
\utilities are requireds = LT bhyl-b-acid, the followine

A‘E‘lect‘ricityi.‘.’OO.?'.....‘.. l'...'.ll..l.l.... 42 kv’h. ’ *
St’eamfo.o‘ol;too.p. L] e ceosve’ 2.7t0n8.
Cooling water at 209 . 240 cu.m,
Operating,labor..;,....,... vsessssssese 11 man hours.

3. Chemical Control - . f:f AP : - T

The_fbilowiggAéhémicaIQtests are regularly made:

3 mThgwggﬁ_materiélé,'eﬁhylbéhiene c¢hlorobenzene and phthalioc
.anhydride,musﬁﬁﬁé_IOO% pure and_dry._’rhthalio nhydride ?s hygro- N

_____scopic especially when in fine powdered form, and special pre-

cautions .should be taken to keep this material dry. Regular tests’

- are made po,qpecg on the purity of these materials,

At the outlet,ofﬂcondénSiné véséel 3 the'pr6ducb is teSted. :

" for thelguagtityipf'unreactedﬁphthal;c anhydride. - )

.Af@ﬁﬁﬁléﬁbf*éhlbrobegzenefliquoraléaﬁing’the pure separ&tof :'

" 11 is shaken with 2% NaOH and the aqueous layer is than’precipite”"i

ated with dilute H,S0, . to make sure thet: the crude chlorobenzene :: - .

A

SR Thﬁ”iidﬁof“fibwiﬁgﬁio“theffiléer“ﬁES?éd Séf§oAfihuoﬁSi"
é¢h°°k°d"With Q¢ngomred indicator,to prevent an excess OT -Y*_




defioienoy of aocid. ,
The final prodqogmiq given bhohtollowins tests:

a) Moisture test - 10 grams of ethyl-b-acid are dried for 3
_hours at 100°0C, The loss of weight must not exceed 2% .

b) Ash test - The ash content must not exceed 1%.“'
o) Chlorine test - The chlorine content should be under 0.2%7 ;

a) Melting point test - The meltiag point should be between
118 and 123°C,

SECOND STEP - FRODUCTION OF 2-ETHYL-ANTHRAQUINONE
See Flow Sheet Fig.2

1. Process.besorigtion

1868 kg. of 98% sulfuric acid as well as 3012 kg. of 24%
oleum, giving together 4880 kg. of 8% oleum, are introduced into
pressure vessel 31 and heated to 859C. When this temperature is
reached, 600 kg. of pure ethyl-b-acid are rapidly added. The
mixture is stirred for 4 hours while the temperature is main-
tained at 850 to 87°C. A sample is taken and if -no presence of

- ethyl-b-acid is found, the charge is cooled to about 250¢, Com-
.- pressed. air is let into the vessel 3] and the charge is traensferr-

ed to washing vessel 32; previously filled with 16 ocu.m. of cold
water. The mixture is stirred for about 30 minutes and forced by
compressed air into filter press 33. During the filtration, the
filter oake is washed with warm water until it is neutral. The
filter cake is then introduced into dehydration vessel 34, which

"has been previously heated to 50°C.  The produet 1s stirred and -

_the temperature increased to 125 - 130°C. during which time the

2—ethy1-anthraquindneiiéfaﬁhyaraﬁeﬁ,and‘fusea.'_Cimpressed“air'is

| used_to_force the fused product on iron trays 35 and it is ready

‘for the final purification which is done by sublimation.

, The‘tray assembly mounted on a carriage is introduced into
electrically’heatedAsublimation,furnace_ss.. L vacuum of 3 mm. HZ.

V.absolute is applied and the temperature is maintained at approx-

. imately 300°C. - Acoording to Dr..Tellg:fthiS“fingl pu;if;cationg .

" “can also be done by distillation. -

" 5, Plant Capacity end Utilities

o b=acids . o

" With the eduipment as inmstalled, 420 kg. Of -2-ethyl- -
anthraquinone per 24 hours can be [

pure.

" Ttem No:

‘duoed rpgm‘69Q gg.‘pf[éﬁﬁy1- uf -

The final purification of tho produot is done by sublime-
ation in a furnace whioch is rathor antiquated and designed for
other produotion. Therefore the utilities are divided between
the production of the raw 2-othyl-anthraquinone and the final
pure product.

. ‘For the productioan of raw 2-ethyl-anthraquinone fromn ethyl= -
b-acid, the following utilities are required: :
Eleocr1°1Cy..ll.l.ll.l....'.......l....'..'.."s kwht
Steam’.o......o.;...... * .l......'...o.s tonsl
Cooling water at 200C..cceces ve+200 ocu.m.
operating laborQOQOCOOODICOO..‘..............11 mn hous..

For the production of pure 2-ethyl-anthraquinone by sublim-
ation of the raw product, the following utilities are required:

Eleotricity...0..........0...0.‘.-......'0000450 kwh.
Steam..........'...OOQ.CC.....Q‘...'.......l.l.? tona.
Cooling water at 20000...'0000000'.......l..‘lso cu.m.
Operating 18D0Tccecrsscsesccscssesscscsssesesl0 man hours.

3. Chemical Control

A sample of the melt from vessel 31 is poured into water,
the precipitate collected and washed neutral. This precipitate
is then boiled with a 10% caustic soda solution. and refiltered off.

The -filtrate after acidification should not-show any coagulated
“flakes which would indicate the rresence of ethyl-b-acid. -

The crude 2-§thyl-ahthraquinone should be about 94 - 966

The pure 2-ethy1-anthraquipdne shonld be‘oyer 99% pure.
- - PLANT ELUIPKENT | B
(Item numbers refer to flow sheets).

'Here are déscribed the main pieceé of-apparatus;._""

i

-1 ethylbenzene storage tank, 19“cd.m;xéépacity, steel =
eonstruction.” . S T o

= lor benzene storage tank, 19 du:ﬁ; éépaéity;'éféeiP7:?

_propellor agitator at'40 R.P.M.; cast iron

.2 condensing vessels, 5 cuim. \Gapacity eachj with




construotion.
1 proﬁorcioning puipe.

1 decomposer; tower 1l m.dia. x 6.5 m. high; porcolain
construction, ,

1 wesh water receiver; 700 liters capacity; porocelain
constructior.

1 decomposer serarator; 760 liters capacity, porceleir.
_construotion. '

1 washer provided with agitetor. at 450 R.T.lM., 465 liter
cupacity, porcelain construcCion.

1 washer separator; 700 liters capacity; “orcelein
construction.

1 extractor provided with a 5 beam agitetor at 120 to
180 R.P.}., and with temrersture and pE reasurirg ir-
struments; suec_ constructiorn.

1 pure separctor,A apacity 700 liters, iron constructJ
ion.

2 crude chlorobenzehe tarks, cupaclty 6 cu m.; steel
constructior.,_ . .

1 centrifugal punn, steel consoructlop.

l ",1egand" evaporator with tube bundle 500 kg/hour '
canecity, steel corsuruction. )

l'evaporator condenser,.steel cons%ruction.

L evéror#tor separatsr; 250 litersAcapasity; steel

“»constructlon.»{

N

'8 drylng towers; 750 llters capacit each fllled With ”mﬁ_”"

solid NMaOH. , -

2 buffer vessels, provided xitn agluators rotatlng at
_56 R.I .N., 3900 llters capac1ty each, - (e R

i buffer senarator, 700 liters capaclty, iron fvﬁ
”gconstructlon. . v : R R

,'l reciprocatln i v“:; S/hour~6aﬁadity};Steei_v\ﬂ’
= construction.ﬁ. S e T P Y S T JO

1 prucipitater, provided:with rorcolain sgitotor;
0. licers cepacity; oll poreelnin construotion.

1 "Imperinl"” rotrry wvecuum filtor; 1.5 sq.m. actusl
filtering surfeoc; polyvinychloride filtering cloth.

- subbor lired sonsTruction.

1 "Buttner" Jhﬁlf dryer"aboub 5 m. diameter, with 18
shulves; rovolv!n: puddles; steom heated coils eround
shelves; ¥60 ke. por hour capaclty.

Z "ulfuric cold storage tepks; 18 cu.m. .capscity eech;
steel ceorstruction brick lined.

"1 csustic sodr storecge tenk 1% cu.m. ccpeoity, extarral

bottor hertinr coil; stesl construction, rubber lined.

1 cest iron cteer jacketed rrussure vessel, provided
with an velitstor; cul&a2lily 4 OULOL : .

1 acld brick lined 3steel pr:SSure vessel provjded wiCh
en agitetor; capecity 22 cu. B

1 filter press i z cs type "Mocstre",

l-cest iron, . jeckeied pressure vessel, nrovided

with an apita zcity l.a cu, I,
1 tray assembly consgsti;z of & trsys on a-carriage.

1 elebtricuilv heeted su -L‘ation furnace, BPProx-
imately 8 m. long X 3 m, iereter provided with a
steam evactor, .
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Predent i'infcmt‘!o'n*oh“’fﬁﬁdo‘ijl’"iﬁd m&p’ quipnent Qeslgh of "the” uetlansl
synthesis plant at Oppan, and revisws the latest dsvelopments achieved.
by I.0. Farbenindustrie in the art of methanol synthesis,
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- Zhe: I+0s: Fardenindustrie plant.at Oppan
bct\ma J\ny 18 and -July 8‘&. mc, to muy tho utbuo). phnt
Mo‘bun all ncoonu-y Mom

nl. tho p@oun whyod at Oppsu for the oynthuh
of nothanol. 1- similar to that used in the United States.  However, «rnin
“and. design 2 atures mmrporutea in this plant, and izmprovenments -
in newer plants duilt elsewhsrs in Germsny by I.G. mbonindnstuo.
are considered to de of particular intornt. g

mmmnw I

Bynthetic nethanol prod.uction ha.l been mvostigatod at Oppan
only, Infomtion on other, more recéntly built methanol plants, was
. obtained from :I.nterrogated personnel vwho have been connected with other -
- installations. The reader-is reforred -to Appendix 2 ror a list of previous
reports on this su:bject. .




The methanol produstion techniquo at Oppau is dased on exporience
sained {n the manufacture of amoonia and isodutyl alcohol. The first
1sobutyl unit at Oppau vas attached to ths ammonis plant, use boing uae
of certain amsonis plant equipment and building facilities, - -

Kethanol, which 1s used at Oppau for the production of
formeldshyde, wvas formerly recelved from the I.G. Plant at Leuna. later,
as the demand for formaldehyde increased, a new isodbutyl plant was _
constructed at Oppau and the isobutyl plant, connected with the ammonia
plant, was converted to methanol production.

At present there are two complete methanol uyuthesis loops in
operation at the ammonia plant, each having a cepacity of 90 to 100 tons
per day, and the new 1eobuty1 pl.ent is shut down because of an insufficient

supply of gas.

According to the interrogated personnel the zodern methanol
plants built elsewhere in Germany ty 1.G. Farbenindustrie are very similar
in construction and layout to the new isobutyl plant at Oppau. However,

a different catalyst is used and the space velocity for methanol eyntheoie
is about 3 times that for isobutyl synthesis. i

Methanol is produced, from hydrogen a.nd cerbon monoxide, in the

presence of a ,suitable_cat’alyst'according to the following reaction:- -

2Hz+ CO~p CHz0H o ' -

The foliowing mdssirable side reaction. giving small amounts of

dimthyl ether aleo takes place.
2 cxaon--y '('cﬁg)zo + B0

- If the temperature of the catalyet is a.llowed to rise e.'bove a'bout
400°G ‘the following highly exothermic reaction tekes place \dth further :
1ncreaee :ln teniferature:

,.GO +31{2—9 CEZ—'F‘E_O‘_‘_"—‘_———-

" The raw material ueed for methanol synthesis at’ Oppau :le & Wator
-8as of approximately the’ following composition. o : . .

52 5% Hg. 41% co ",-'59! ooz. and 1. 5¢ Nz },__ _

Oulfur is removed from this gas Dy passing it through activated cardon at
low prossuro. A portion of the gas is sont through a lov presgure CO
oonversion system'to adjust the ratio of Ha to 00 to the proper proportion
and the ocombined gas is then compressed to 25 to 37 atm., and scrudded

vith vater for the removal of CO,. Thisis followed by a final cospression
to about 260 atm. aftor which it is sent to the synthesis syoton as frosh

.Hg. 1 gives the flow diagram of a methanol oynthosio loop.
Although thn equipment is generally designed for a maximum pressure of
326 atm., the usual operating pressure at. .Oppau 18 350 to 260 atm,

The fresh’ make up gas ha.s the following approximate composition:

68.0% Hp o .

29.0% C3 Ratio G& = 2.2 to 2.4

2 g; ggz Maximm sulfur content, 1 to 2 mg/cu.m. of gas
0.2% CHy -

" This iga.s is passed thfough a vessel containing activated carbon vwhich

removes catalyst poisone such as carbon.oxysulfide and iron cardbonyl. The
removal of these impurities takes place at room temperature, and it is
necessary to inject into the gas stream about 0.5 gm. of ammonia per

1 cu.m. of gas, as well as oxygen .in slightly over the stoichiometric emount
for oxidizing the sulfur contained in the gas. - The purified gas is -
1ntrodnced into "the syntheeis loop at the sueti.on eide of the circulator.

Starting at this point the flow of gao ie as follows: The gas
lea.ving the circulator passes through an oil trap, where. lubricating oil

-1s removed; and is then conducted. to the interchanger.‘ In this vessel the

gds 18 heated by the gas. leaving the converter and, after passing through
the .starting heater, enters the converter. A portion of the cold gas
by-passes the interchanger and is injected between the' ca.talyst ‘beds in
the converter .for temperature' control. The gas’ lee.v:lng the converter passes '

through the :|.nterchanger where 1t is cooled by the incoming gas and. then goesg -
-to.a double pipe water cooler in which the product is- condensed.: The
’ A8

emoved  from.-the: 'gas etream in the prod.uct separator following




A Ons complete synthesis loop consists of the following eqoip-ontt

2 Activated carbon vessels - suitadble for either 2 or 3 synthesis loops. One
1s operated and one is spare. These vessels are vertical towers £00 =n.
I.D. x & n. high and each contains 4 moters of sotivated cardon (M
Xhole) packing. ~The packing 1s 7 to 10 mm. in size. ~See neotion on - -
catalyst for preporation of notintad carbdbon. _

1 Oirculator - At Oppm several of the old vertical-typs stesm driven
oirculators, originally installed for ammonia production, are used.
The new plants are equipped with more modern machines. JFor inctance,
at the Waldendurg plant where 3 methanol loops were erected for a total
produstion of 300 tons per day, 3 electrically driven circulators each
having a cspacity-of 100,000 to 110,000 cu. m. per hr. FIP, were
installed. They are constant speed units and operate at 122 R.P.M.

1 011 Trap - Oppau uses standard vertical cylindrical veuels. The newer
methanol plants are using cylindrical vessels €00 ma. I.D. x 6 m. long,
installed at a small angle from the horizontal in order to provide a
. large dieengeging surface, ’

1 Produet separator - Oppau uses standa.rd vertical cylindrical vessels.
' Newer plants have inclined vessels, sinilar to the oll" traps, and a.re
800 mm, I.D. x 6 m. long. '

" 1 Water cooler - Korizontal: double~pipe unit coneisting of % rows in parallel,
10 pipes high. The inside pipes, U5 mm. I.D. x € m. long, carry the
"high pressure gas while water is ciroculated counter-currently in the
outside pipes which have an I.D. of 120 mm.' The total surface of 1

 unit 1 approximately 260 8q. m. The inside .pipes are mdde of N5 steel .

© (3% Or, 0.25% Mo, 0.1% C). It was found that severe corrosion took.
place at the inlets to the cooler and pleces avproximately L f£t. long
of N8 steel (3% Cr, O. ‘3% Mo, 0.5% Wo) were wolded to the 55 pipes at
the in].et ends. ~ . ] ‘

1 Interclmnger - (Fig.a) This unit is of the shell and tube. type The shell
. .18 a ‘steel forging made of §2 carbon steel (Siemens ‘Martin steel with’
2% C, having 40 to U5 Kg/sq. mu. tensil strength and 26% elongation).
800 mm. I.D.:x 12 M. lo It hes & 10 mm. thick liner of §5 S
(3% Cr, 0 .25% Mo, 0.1% C “or NB-(3%-Cr, 0.5%-Mo, 0.5% ¥o) special st
protected by a 2 mm. thick brass (63% Cu, 37%# Zn) 1limer. The two
. are also protected with 2 mm. thiclc brass plates. The' tube lmndle
“consists of 757 copper ma.nganese alloy (Gu - 1.5% Mn) tn'bes. -8 mm. :
xlllmm. OD. xlo 3l4m. 1o

v

kiesolguhr drick lining s inatalled, held in plsce by a 3 mm, thick
drass shell. The tube dundle has funnel-shaped heads at each end
mede of copper manganese, tho lovwer funnel being dolted to the dotiom
head of the vessel while the upper funnel is provided with a stuffing
box which permits the tube dundle to expand, To prevent gas from
by-passing the tube bdundle, B asdestos packing rings are provided
o.lons its loncth as von as ltutnnc boxu et ooch ond.

1 Oomorter - (Fig. 3). The shell is a stoel forging 800 mm, I D x 13 m,
long. The inside linings of the converter, similar to those of the -
interchanger, are indicated on Fig, 4, Yor installing the 10 =m,
thick special steel liner the forging is heated with steam to a
temperature of 250°C. and then the liner is inserted. The method used
for inserting the 2 mm., thick drass liner is indicated on Fig. 4. %The
bulged portion of the liner is pressed against the shell with a jack

~ and the whole liner is then hammered.

The present methanol converters in use at Oppau have old type catalyst
baskets. Gas, is introduced into the bottom of the converter and rises
through a central tube in which a heating element is inserted, The
gas then flows downward through the basket, which is completely filled
with catalyst. Inserted into the catalyst mass are five equally
spaced perforated pipe rings, mede of N8 or copper manganese alloy,
_through which cooling gas 1s introduced. This converter is charged
‘with approximately 2.6 to 2.7 cu. m. of catalyst, having a specific
gravity of 1.4 to 1.5, and igs said to have a capacity of 90 to 100
tons per da.y at 260 atm. pressure. . o

- The newer type- convertere. such as were installed in the Hyde‘breck )

" -plant, have 6 catalyst beds, The cooling gas is introduced under each -

~ -of the five top beds, the genera.l arrapgement being indicated on

. Fig.»4. The: catalyst grate-is made of N8 steel and 1s. covered with a
copper manganese screen, having 3 mm. openings, on which the catalyst
. rests, Four 3 point thermocouple leads are installed for measuring-
the temperatures in the: converter., This type converter is charged with
approximately 3 cu. m. of catalyst having a epecific gravity of 1.4
to 1.5 and is sald to have a normal capacity of 110 tons of raw

v ~methanol -per day with a possible maximum of 150 tons per. day at 300
‘o e.tm. pressure. o

Miscellaneous. In the more: recent installations the starting heater is in
a. separate -vessel as indicated on Fig.’ 1.' The'heating element consists
- of 40 mm; wide x- 7 mm.’ thick copper bands wound -arcund porcelain
. ;insulated pipes., ‘Transformers for ‘the 'starting heaters can be.
. reg ated to furnii from 80 to O KVA at 16 to 20 volts. o

' gh preesure vesaels ‘are .‘7,
%construction~e.s descri—bed—by—Norman“W—Kraseﬂn T




-
“Dosign and eonctrneuon of high presaure coqmnore end reactian
equipsent”., When bduilt in this manncr the special steol nnr is 235
mn, thick and serves as & mandrel for the wludtnce.

Piping in the eynthnh loop, carrying hot gases, is- mdn of NS eteel.

Another interesting feature in the newor plants is the provision mado
“for the expansion of the interconnscting hot piping. Both-the: fnters--
‘changer and the starting heater are supported by 10 cm, diameter rouu
and can move as the hot piping interconnecting them expands, This
arrangement obviates the necessity of long expansion dbends.

Operating Data. Yields and Utilities.
" a. Qperating Conditions

. A typlecal analyaie of gas at the inlet of the converter is as
follows: 18.4% CO, 67.2% Hp, 0.7% CO,, 0.6% CHg and 13.1% inert gases.
Plant experience has indicated thet t e percent CO in the gas entering the
converters must be less than 20% in order to prevent the formation of
appreciable quantities of higher alcohols. S —
o The maximum operating temperature in the catalyat bed is batween -
360 and 390°C. The normal pressure drop across the converter vith: a new
catalyst charge is 12 to 14 atm. After about 6 months of operation this
pressure drop increases to about 20 atm, It was pointesd out by the operating

personnel that it ie very important to maintain a constant pressure drop
across the converter, as a sudden variation of even e few atmospheres

increases the amount of undesirable components in the rew methanol. . As the

. catalyst gets older in order to maintain-& desired production rate, the
,preseure drop is increased very gradually ‘by regulating the by—pe.ss valve
.across the .circulator.,: .

‘ I'he raw methanol 1eaving the synthesis loep has the following .
;approxlmate composition: 1 to 2% (CH3)20, 6 to 8% H0, 90% CHzOH and 0.8 -
$0 1.0% higher alcohols and ketones. . The following information on the -
composition and properties of raw methanol was o'btained from operating c.ata
for the Waldenburg pla-nt. _ - s

_Appearance ........... 5y
Specific weight at’ 2o°
Water per .cent ...
Dimethylether .

.. Free.acld ......

. :Se.ponifica.tion number

. clea.r and colorless

-—

of unsaturated aloohols and ketones. The upper limit is from 5 to 7. Ocod
quality produet should have 3 and exoellent product 1. .

b. hnnﬂ mﬂﬂn .
Approxisately 3000 ou. m. of fresh feed are roq\ured per ton of

Tav methanol. The oirculation rate is adout 8 times the make-p or
- Spproxinately-100,000-on.-m.- per-honr,. - The-average-dleed.from-a loop is-

about 158 of the fresh fesd or 450 cu. m. per ton of rav methanol.

o. Produotion capacity and yields.

A synthesis loop as desorided above, with the new type converter,
is said to have a normal capacity of 110 tons of raw methanol per day. The
conversion per pass is between 12 and 16% of the smount of CO ted to the
converter. The yield of methanol contained in the raw product dased on the
CO fed into the system is approximately 72%. This yield based on the Hp
fed into the system is spproximately 62%. ; -

d. Utilitles.

It is estimated that, under normal operating conditions one
methanol synthesis loop as installed. at Oppau, producing 100 tons of raw
methanol per day, reqniree the following utilities per ton of raw methanol:

Electric:lty esecesensnvsascncsccsansscccss 2D kwh.
StBAM ....ccicccecrcrcrsscsracesassassesars 0.3 tons
Cooling water ..:...... eee. 130 cu. m.
Operating 1e00T ceceecccnns

The activated car'bon (M Kohle) used for the removal of sulfur

'v compounde and iron carbonyl from the fresh feed is prepared in the foll_owing
‘manner: Ruhr anthracite 1 to 10 mm. in size is used.as raw material. 400

liters of this material are charged into a special brick-lined furnace and
the charge is ignited.  Air, water gas and enough steam for temperature
control are introduced into the bottom of the furnace. A temperature of
920°C, (not to exceed 950°C) is maintained for 3 hours. During this time

- “the bulk dene:l.ty of - the: raw material. vhich at the start is 700 egnf1iter,

. 'increases-to 900 gm/liter and then decreases to 550 gm/litér which should
. .- be-the density of the-finsal product. The ‘resulting product is screened a.nd
- the T ‘to: 10 . material is used for the activated cer‘uon veseele.

o' methanol synthesis is a zine chromate '
, 26 to 30§ Crz0%;




. This catalyst is prepared at the 1.0. plant at ‘Leuns as follows:
100 kg. of 2inc oxide in fine powdered form are mived with 240 liters of
vater to form a suspension. Then 50 kg. of ohromic oxide are added. :
According to. Leuna this addition should be very rspid as the zing chromate
mixture has thixotropic properties end & no neous product may result,
giving a poor quality catalyst. Approximately 150 liters of the water is
then removed in a press. Ths material is dried ina shelf dryer with air
" at 11000, pulverised in-a mill, mixsd with grsphite, and then tablotted. .-
The finished product is in the form of smsll cylinders 10 mm. dismetor x
10 mm. high.

. At present a new and simpler method is employed at Oppeu for

_ the preparation of this material: 100 kg. of pure powdered sinc oxide and

40 kg. of pure crystalline chromic oxide are mixed in a stainless steel
(18-8) mixer and 4O liters of water are added, as well as 2 kg. of graphite.
The temperature must not exceed 300C. when graphite is- added, otherwise
lumps are formed. From the mixer the material is sent to the pelleting
machine. The specific gravity of the pellets is 1.7 to 1.75. The catalyst
nmade according to this method has not yet been employed on a large scale.

' The normal catalyst life was said to be from 6 months to 1 year.
' On removal of a spent charge about 60 to 70% is found to be pulverized. A
change of catalyst is made when the pressure drop across the converter
reaches approximately 20 atm. and the spent catalyst is pneumatically
removed from the converter. New catalyst should be carefully charged to
avoid breakage. . : .

.

A new catalyst charge is reduced in the following manner: The |

synthesis loop is purged with nitrogen and a pressure of 2 to 3 atm. of '
nitrogen is applied. The circulator is started-at about 1/3 of the normal
. rate (30,000 cu. m. per hqur). and fresh gas is slowly fed to the system.
- The temperature is slowly raised by means of the starting heater to 100 to
. 1109C, and the pressure to 260 atm.  These conditions are maintained for
30 to 48 hours, during which time water separated in the product drum is
measured. In the next 24 to 36 hours the temperature in the converter is-
raised until. the entire catalyst bed is at a temperature of 250°C. At this

stagethe temperature can.be raised to the normal operating temperature in -. - ..

2 to 3 hours. , :

-

II - M DISTILLATION.

_Fig. 5 gives a flow diagram of the methanol distillation system.

. Raw . methanol from the synthesis system is expanded into the raw product .=

-storage tank which operates at 12 - 15 atm. -Dissolved gases are thereby .-
. ..released and are vented. The liquid flows through & second expansion valve

-which-reduces—the-pressure-to-6-~—8 atm:;—ig preheated and~introduced "into

~the ‘l’st}: ectification-eolumn. 1In tllia column the’ “dme"thy;l.e,ther_» is distilled

off, condensed, and seab to a storsge tank, 98% pure dimethyletber is
obtained and is used for making dimethyl sulfate and dimethyl anilime.

The dottoms, free of methylethor, are:eent to a reotifi-
cation unit. In this unit "V® methanol (Vorlauf methancl), consisting of
95% methanol and 5% methyl isobdutyl sther, methylal, methyl formiate, etc.,
is separated and goss to a "V¥ methanol storsge tank. .Ths bottoms are
_cooled and introduced into sattling and intermsdiate storsge. tanks. _In the
line going to these tanks a 1% solution of potassium permanganate in water
1s added to the stream in the amount of 0.3% of the produat flow. The
purpose of this addition is to oxidize any drganic compounds and decompose
the iron carbonyl contained in the product. The temperature at the mixing
point should not exceed 3000. otherwise oxidation of methanol takes place.

_ The liquid is allowed to stand in the intermediate storage tanks
for at least 8 hours and preferably 24 honrs for settling to take place.
The clear ligquor is decanted and conducted to the 3rd rectification unit.
The sludge settled on the bottom of. the intermediate storage tanks goes to
a filter press. The filtrate is also sent to the 3rd rectification unit and
the filter cake is discarded. The side stream of the 3rd rectification
column is the pure product and goes to the product measuring tank wvhere it
ie analyzed for purity. If it meets the specifications it is sent to the
final product storage. A portion of the reflux is sent to the "V methanol
storage tank. The total production of "V¥ methanol from the 2nd and Jrd -
rectification units amounts to 3 - 10% of the crude methanol. This produot

_ is injected into the isobutyl alcohol syntheu;,_a sytt_em or used as fuel. ‘

- The bottoms from the 3rd rectification column are séant to &
residue storage tank and from there are fed into the reboiler of the Lth -
rectification column which_operates in a batchwise manner. The first over-
head from the- Uth rectification column is pure methanol and is sent to the.

~product measuring tank. -After a certain time the purity of the overhead
is such that it must be sent to the raw methanol storage tatk.- Finally,
when ethyl methyl ketones, di-isobutyl ketones, diisopropyl alcohol and
mostly isobutyl alcohol begin to boil off, the overhead is sent to the
higher alcohols storage tank. This product is used in the isobutyl plant.

" The residue in the reboiler, which 'is mainly water, is discarded.

, . The el_a.'boraté me thanol distillation system described above 1is -
- considered necessary at Oppau in order to obtain a product pure enocugh for
formaldehyde manufacture. . T Lot

-




The following tabulation presents the pr&no&ph Womuon

on the various rectification columnsi

Rectification

mlm Y g e e Y e e e s e G e sl e e sk o s s

Dlemoter Top Beat. O.6m.
_ Bot.Sect, 1.0m., 13 2.9n.

Height - 8.5a. 22.5n. -33.6m.

Material of

construction? .

column - steel steel steel - steel
Bubble caps : - cast iron cast iron cast iron

Type of plates: Bamag sieve Bubdls Bubbdle Bubble
. type caps caps caps

Number of Top Sect.23 70

platoo: Bot,Sect.21

Distance . .
betwcen—plazes____-___ _em,- S e

oint from ' and 18th -and 28th and 27th ax(d 28th

ﬁ{i‘ead injectfon  8th,12th 16th,20th 17th 21st 16th,20th

bottom: © ‘plates plates - plates
. . : normally normelly .
20th 21st =

Side stream ' - ~ 52pd,S56th- 3lst,37th

take off point - S . and 60th . end 41lst

. from bottomy . o S plates’  plates -

‘ nox_'mally
60th

. The above information was gi.ven from memory by Dr. E. Haarer and

since the detailed drawings for this equipment could not. be 1ocated the

accure.cy of this 1nformat:lon cannot be vouched. for._ S e .

Ee

!ho uuumzon system as descrided is sald to de suitable to
bandle normally 160 to 190 tons of orude methanol per day, with a xmaximum
of. 800 -tons per day. . ‘

o

e The following tadulation pruonto the prinoipul o;poroun‘ data

.for. tha. various.distillation .columnss. .

Rectification
oo:l.om_x .Fo.3

Operating pressure .
(absolute): 6 to 8 atm. 1 atm. 1 atm.

Temp. at the
bottom of 110° C.. 68 to 70° C. 89 to

the column: 90° C.

"I.'omp. at the
. top of the - 30 to 35° G, 62° C. 64° C.
column: . - ' . .

Ratio of reflux
to distillates

Ratio of reflux'
to fside :stream: -

- AS the operation of the 4th rectification column is. batchwise.
opera.ting cond.itions at the beginning and end of the cycle are .given.

: -The: a.‘oove 1nforma.tion was also given from.memory 'by Dr. E.
‘ Haa.rer and its accuracy cannot be vouched. for, -

"-'One ton. of raw: methanol furnishes the following products. v

. Pure methanol’ eiiesaatgeiaasdiisiieniaaaess 780 to 830 ke,
MY methanol i eveeeedrhereaieisiieidiieasas 30" to 100 kg
‘Dimethylether .....'.....-....'. ceew ‘eeee ’. 20kg R
: ~_H:l.ghe:r: e.lcohols sesssesel .

The yield. of pure methanol 'based. on the metha.nol content of raw metha.nol

T‘If' fed to the syetem:’ s appro:dma.tely 89%
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tests: B
1, Bulfuric acid test - To 5 c.c. of methanol cooled to under

890, is added 5 c.c. of pure concentrated Hpy80,. The resulting mixture is

shalen and its temperature should not exceed 5¥C. A dark .coloration of the

mixture indicates the presence of traces of olefines, which are very
Poisoious to formaldehyde catalyst. - A slight coloration is acceptable.

* If the solution remains white, the product is of excellent quality.

2. Boiling point test -~ An entire unple of methanol must
distill off without a temperaturs increase ot more than 0.3 to 0.4°°C.

’ 3. Potassium permanganate test — 1,3 c.c. of 0.1% EMnO4
solution in water are added to 100 c.c., of the product. The mixture must
‘be placed in a water bath and maintained at 17 to 18° C, The color should

- change from violet to brown in not less than 20 mimutes. A longer period
indicates a better product, while-a shorter period indicates that an
. insufficient amount of EMnO4 has been added in-ths process.

. ‘4. Test for irom - 10 c.c. of 254 NH4OH and 10 c.c. of 308 -
- Hy0, are added to 100 c.c. of methsnol. The mixture is bolled with-a

The 4i3t1lled methanol is sudjlected-to the following-chemiceal -

reflux cooler for 30 minutes. The flocculent iron compound is filtered eut.

dissolved in hydrochloric acid, and a standard ‘colorimetric test for iron
* is applied. Traces of irom in the product indicate that an ingufficient
amount of Din04 has been added in the procees for ‘breaking up the iron -
carbonyl. , N

e 5. Bromine number ~ This test is applied to the raw‘methanol.
- To 100 c.c. of product, the bromine solution is slowly added until a yellow
coloration identicel to the standard solution is obtained. The number of

c.c. of bromine solution added i the bromine number. : : o

: : . The bromine aoluticn is repared by. add.ing 4.2 c.C, of
_concentrated bromine to 1000 c.c. .of - 50 acetic acid ‘and. the" resulting
‘mixture we11 nhaken. S - : . o

: : The etandard solution 1g prepared 'by adding 0.05 gr. of
‘potaeaium dichromate to 1 liter of water. S :

3
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APPENDIX 2

~Copies of th nyu-u th bolw were mn-ltt-d to hmoa D.O.
Iaqurin-hcumuudnu&tor e

Em——— ~offfoe of Publications Bogxd ™
wIl.B.kam.'tlm:t of Commerce
Washington 25. D.C. i

1. Related Beports Phbliahod by Allied Intolngonce Agonoioll

0I08 Report, nlo No. XXVIIX-27
FIAT Records Branch File No,

17961/TP200/P364
leuna Works near Haraoburg.

clcs Report. rne No. m-ma
FIAT Records Branch File No..
11,088/TP200/P7C5

I.Ge Farbenindustrie A.G. Works,
Iundwigshafen and Oppau.

1

CIOS Report, File No. XXVII-85
" FIAT Records Branch I‘ile No.
:”’131;00/1‘2200/1’68 S :
" 1,G, Farbenindustrie A.G, Works. )
Ludwigshafen and~ QOppau.

MAOCUCT 10 DKSTRLLATION ETSTEM

APPENDIX 3

cI08 Report, .File ‘Noa' mn-‘l‘o'z h
FJIAT Records Branch File No.
9351/TP200/P435

T TeGe Farben:i.ndustrie A.G. Works,
Leuna.
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SECTION THROUGH CONVERTER
SOLD GAS BUECTION UM L MO OR Con

CATALYST GRATE

19As saxeR

\CATALYST CONTAINER WALL 12-15men thick
. Cy Al Cu40.2~1 Mn

UNER 2mmthick (BRASS \_INSULATION 7Omm (KIESELGUHR BRICK
R CLEARANCE. 10 mm INSULATION RETAINER 2mm thick (BRASS)

- METHOD OF INSTALLING
GAS MIXER 'COPPER ALLOY LINER

SYNTHETIC METHANOL | '
" | _FiaT FiNaLREPORT No.BBB |
| CONVERTER DETALS |

N
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MANUFACTURE OF POLYVINYLETHERS
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®he purpose of the investigation was to determin She__

| 'detailed operatingconditions for the preparation of t
-] geving-or-polyvinylethers. “ =

. The entire series of polyvinylethers are prepared by
rather simple mass polymerisation methods using acidic catalysts,
- particularly boronfluoride dehydrate in dioxane. A .

Guide to the Reader: o —

. Inoluded in this report are the detailed procedures for
the preparation of the solid golymers designated as Igevin M40, 450, -
J60, JZR, and Bindemittel Li 10; the oily Igevins A25, J30, J20 and

Densodrin NW; and the waxy and resinous peclymers designated as
Igevin Z, ZJ;,Densodr;n v, ¥, H, 9nd I.G. Wax V. C .

GENERAL SUMMARY = =

, At Ludwigshafen at the present tine, there“is_kxisting )
~capacity for a monthly production of 100- tons of solid Igevins, 120~
150 tons . of oils -and -a maximun of 40 tons of the specialty resins )
. and\uaxes.-Thepsolids~are.rreqnentlyisold;toﬁthe_trade_ipfgolntion;
... Por example Igevin M40.in- 50% and 25$,aqueons*§olutioniiﬂ,ebld_as'avi
ﬂ,Ltextilé:finiehing;agent;nnderwthe,nameq;Aggretan:IL conc, and .
: *ippretan~W5125:reSpectivgly.zmhg'solidafhave,tound;applicgtionngq kD
By thickeners,[textile*finiehing1agents, adhesives, plasticizers, and

rL;paintsjfpr;mgan:y;;&he;oila+haveiheen,used'rathér‘exteﬁeivélyfas T
i Lshoe“andileatherfimpregnatingaagente.fThe‘waxea‘and'resins,have‘had'Q
~;limited{applicgpil;ty to date., - . . .. B U s
“w- - The majority. of the polymers are prepared in the presence

;. of"a boron trifluoride dehydratejcatalyst;,In'oneﬂinstance tin - i
‘~tgtrabhloridg;isithexpreferred’catalyst.~Depgnding;OntthegbdilingI,‘{’

oint of the ‘monomeric eth Ts employed, the polymerizations are =
essures up ‘%o four atmospheres ga R




The polymerizer is "Remsanit” lined (13~15% ohromium steel)
and has a capacity of 2 obm. The unit is jacketed for brine ocooling
and in addition is equipped with an internal oylindriocal shell
cooler; fabrioated—from V2A—-steel., A double anchor type agitator
is installed. A V2A reflux condenser having 6 sq. meters of cooling
purfsce is attached, The maximum working pressure is 6 atmospheres
gage. Provision is made for either draining the hot polymer directly
to drums or to & Werner-Pfleiderer type mixer for the preparation
of solutions.

. Addition of raw materials is made by gravity flew through
meters. :

B. Igevin 0Oils

The starting materials are stored in the same equipment
used above, A smaller 1 cbm. enamelled steel kettle equipped with
a blade stirrer is employed as the polymerigcing kettle. An
interchsdngeable, heating or cooling jacket is provided. The tested
working pressure is 6 atmospheres gage. A reflux condenser with
6 sq. meters of surface is installed.

For continuous polymerization a second agitated polymerizer
of 150 liters capacity equipped with a heating jacket is provided.
This unit is also enamel lined and has a working pressure of 6
atmospheres gage. Material overflowas from-the main polymerizer and
is finished in the second smaller unit. The product is cooled in a
1 cbm. espacity jacketed steel kettle and finally is stored in a
steel kettle of 5 cbm. capacity equipped with- jacket for heating.

'C. Igevin 0ils and Waxes-

— ke raw materiasls are.stored in & 2 cbm. enﬁhélléa;”;“

agitafed,_kettle, provided with a V2A heating coil., For polymerization -

- two kettles are available, both of 2 cbm. capacity. One is ensmelled
-and -equipped with & double anchor type stirrer while the other is
stainless steel lined and has a blade stirrer. Each is equipped with
a reflux condenser. The-finished product is obtained in flake form

. by cooling on & revolving drem. o ,
: ' DETAILED POLYMERIZATION PROCEDURES
A 'Solid Igevins ",3‘ IR SRR = o
1. Igevin M40 - Polyvinylmethylether K value 45-50.,
. Monomeric vinylmethylether boiling within 6 to 99C. is
. stored in the previcusly descoribed vessel. The CaCls brine :
is nmaintained et =20 to =15%C, 3

i iin e ) =15%C, Seventy liters of ‘the .ether are -
introduced to the kettle. At a temperature of 3-59C, and during the
course of 30 minutes, 100 to 150 cc. of & 3% solution of-BFz,2H20 in =

dioxene are added. Polymerization begins as evidenced by vigorous fa

temperature

-
.

* -

boil and a temperature rise to 12°0. The reaotion is controlled

by cooling to 7°C. Maintaining this temperature, 1130 liters of
ether are added simnltaneously with 800~1000 oo. of catalyst solution.

———=fhe exmot-volume—of oatalyst—is-determined in a laboratory test. ..-—

polymerization of the partioular lot of monomer available, The
addition requires 3 to 4 hours and is ‘done at atmoapherioc pressure.
The kettle is olosed to the atmosphere after addition is oomglete.'
The agitated mass is allowed to heat up at a rate of about 3°C. per
hour. During this phase of the prooess the final pressure reaches

4 atmospheres. The viscosity of the polymer also inoreases steadily
as noticed by the current requirements on the stirring motor,
Initially 15 amperes are drawn and when the load amounts to 40
amperes (after 20 hours approximately), the motor is stopped. The
temperature may rise at a faster rate at this point and may finally
reach 100°C., The end of the reaction is observed by pressurs drop
and oonstant temperature., Unpolymerized material is distilled out of-
the mass to the storage tank. As mentioned above, the product can be
drained directly to drums or run into a Werner-Pfleiderer type mixer
for the preparation of solutions. The Igevin M40 is soluble in water
and the lower alcohols, but is insoluble in naphta. It has been used
as thickener, adhesive, textlile finishing agent and a plasticizer
for nitrocellulose lacquers. .

2. Igevin- AS0 - Polyvinylethylether - K-value 50-60.

Monomer boiling within the range of 35-37°C. is preferred
although material bdiling up to 389C. can be used in an emergency.:
As in the case of Igevin M40, a batch is started with 70 liters.of
.ether. This quantity is added to the kettle and is then cooled to
25-309C. Gradually 300-400 cc. of & 0.5 to 1.0% solution of BFz.2H20 -
is_added-to initiate polymerization. The exact amount and concan- '
tration are determined for each lot of monomer by, a laboratory test ,
polymerization. The balance of the ether amounting to 1430 liters are -
introduced simultaneously with the remsinder of the catalyst solution,
of which a total of 1500 cc. is required. The addition requires 3

. hours at 25-30°C. after which the kettle is closed and a 6 to 89C. per

hour temperature rise is permitted., After about seven hours the motor”
reaches its peak load and is shut off. At this point the temperature
is about 60-70°C. and the pressure is 2 to 3 atmospheres gage, When

~ the pressure begins tb drop the polymerization is considered to be
" complete. The final temperature reached after stirring is discontinued.

may amounf to 1200C. No unchanged monomer is present and the yield

- .. emounts.to 97-98%. .

Igevin A50 is water insoluble but can be dissolved in

v-alcoholé' d-naphtha. Its prineipal spplication is as a plasticizer'
- for nitrocellulose and natural resin base lacquers. . = v o
~",;’3.}IgévinvJ,GOI4"Polyyinyligobﬁtylétherf—NK'ialue 55-6O;.v&  e
. Monomer boiling betwien 82 and 84°C., is required. As before,
.an;initial charge of 70 liters is employed‘andba*total batch_of 1500 .

N . . ) . o [




14ters is polymerised, Polymerisation is initiated at room - speoialty sype adhesive of litile techniocal importance.

temperature dy the addition of abeut 300 co, of the 1% catalyst ‘
lalation. Th'erlofion begins sudde with & rapid temperature B, Igevin Oils

—yige 40 T0=80°07Atthispoint—the-
introduced simultaneously with 3500 co, of & 1% solution of ¢in
tetrachloride in ethylhntylether. This addition requires thres
hours and is oarried out at 30°C. The kettle is then closed and
during the next 10-12 hours the temperature rises dually to
90~-100°0. As before, the stirrer is shut off when the load resches
10 amperes. In the next two hours the temperature may go as high

as 180°C. The yield of polymer amounts to 98%. Traces of monomer
are distilled out of the mass and collected in the storage tanks.
Igevin JE0 is soludble in naphtha bdut is water and aloohol insoluble.
Its chief ‘application has been as & plasticisger. '

4. Igevin JZR 80% Polyvinylisobutylether .- _
: 20% Polydokalolvin;{ether K value 18-25,

The boiling range of the dekalolvinylether used is 230-
24500, As ususl 8 batoh is begun with & 70 liter initial charge.
A total of 1200 liters of the mixture is prepared per batch; this
requires 3 to 4 liters of 1% catalyst solution of which about 400cec.
are needed to-initiate reaction. The exact catalyst requirement is
determined from a laboratory test polymerization as in the case of
the other prsduotn. In this polymerigzation the ether mixture is
warmed to 70°C. and the initial amount of catalyst is added. When
reaction begins the rest of the ether mixture and catalyst are
‘added during a three hour period. Water is used as the cooling
medium instead of brine. When .the addition is complete the kettle
is olosed and the contents are allowed to reach 110-1209C, This
temperature is maintained for an additional hour. Agitation is -

ocontinued during the entire pelymeriszation. The end of the reaction. -

is indicated by a temperature fall of the contents with an empty
cooling jacket. Xk yield of 97-98% is obtained. This material has
- been used as a surface ‘ecoating for masonry..- o ' _

5. Bindemittel-Li—10.— = -

-Approximately 100 liters of a mixture comprising 600 liters

- of vin&lmethylether;“}OO”liters vinylisobutylether, 30 liters.

-~ diglyoel divinylether and 100 liters vinylester tall oil acids are - = =
‘added to the polymerizer and mainteined at 6°C, Addition of 250 ec, - '
of the 1% ocatalyst solution, BFz.2H20 in diexane, during a 30 minute-

period initiates the reaction. During a 3% hour period the balance
- of the mixture and 900 ceo. of catalyst are added, A temperature

" rise to 12-14°C, is permitted., During the next 5-6 hours the. =
emperature is permitted to.reach 80-90°C, after which it is cooled

.to 50°C. and discharged from the kettle with nitrogen. Polymeriszation
‘is not completed in the polymerisation kettle -but is finished ina -

" 'erner-Pfleiderer type mixer. A 200 kg, batch from_ the kettle is

" heated to 90-1000C. for en additienal 12 to 14 hour period. The = ' = ' °

39y191d;9fﬂth18'PeructLamovntB‘to;iny]go%.*ltfisvdérinitgly a

- 2H20'

anoe - ‘f""’«th':"th.r 1. S Y ——— .:;::»:_1,0 _‘ﬁ_ls'm:ns_::1971MA;@igg£' :’gf—zyt.l : S

A 100 liter oharge is introduced into the s
polymeriser, At 35°C. polymerisation is initiated by the addition
of 400-500 oo, of 1% BP3.2H20 solution, When the temperature
reaches 40°0. gontinuous addition of ether and oa st i8s begun
at hourly rates .of 230 liters and 800 coc,. respectively. During the
next 2 hours the temperature is allowed to reaoh 95-100°C, and is
paintsined at this point thereafter. The product overflows into
the small "afterpolymerizer® where the ocontents are finished at &
temperature of 150°C, From here the oil goes through the water
cooled kettle to eventual storage.

A yield of 95-96% is obtained and the product is used
as a leather impregnant. .

2, Igevin J30 - Polyvinylisobutylether K value 18-20.

A 100 liter charge is introduced into the smell
polymeriger, heated to0 829C, and initiated with 500-600 oo. of &
0.5% BF3.2H20 dioxane solution. 4% 909C. continuous addition of
280 1liters of ether per hour and 800 cc. of ocatalyst gor hour is
begun. After one hour the temperature reaches 110-1159C,. By
controlling the amount of cooling water the temperature is allowed
to reach 150°C, and is maintained at this point thereafter. The -
bvalence of the process is carried out as described under-Igevin
A25, The yield amounte to 97% and the chief use-of the product is
in leather impregnating. ‘ : - :

3. ]igevin J30 Pdlyvinyliaobutylethcr.K_talge 15+~

e This material is prepared in 97% yield under the
conditions described for J20 except that a 14 catalyst solution is
employed and & final reaction -temperature of 120°C. is ‘maintained.

§.B. A mixture of 3 parts of Igevin J20 and 10 parts of Igevin J30

is s0ld under the neme Densodrin N.W. -

C. Igevin Resins and Wa;eé
"1, Dengodrin NH = . . . o
R <) - Polydekalolvinylether -
o Igevin Ze - N
© .The monomer used boils within the ramnge 230-245°C. A

This amount is heated . to 809@,;aft¢r'which780071000;cd;ioiwl% BF3.
joxene aré added: during.a 20 minute period; A temperature
rise 400C, indicates that reaction has.begun, The: balance of:

... batch amounts to 800 liters of which 200 liters are used at first..

. Yhe- ether and t sclution (2000-2500-cc. total .volum
- are added dur he zt;hqu;hmgintainingttheHtempgpaﬁuxgﬁaty;




140~16090, The temperature is then allowed to go to. 180° or even
200°C. No pressure is employed. Reaotion is considered oomplete
__when _the temperature drops of its own acoord. The yield amounts to
—99%, The total production of resinous and waxy Igevins amounts to
only a few tons per month. This produoct and Igevin 2ZJ were used as
substitutes for natural resin in the compounding- -of driving belt

dressings.

The following specifications for the product are used:
The product should be soluble to the extent of 10% in 65-95°C,
naphtha, bengzene and methylenedichloride., A 10% solution in naphtha
should be compatidble with an equal volums of & 10% solution of
Oppanol B (polyisobutylene) in naphtha. A 30% solution in a 1 to

1 by volume mixture of naphtha and methylene dichloride should b€
compatible with an equal volume of & 10% solution of Oppanol C in
the same solvents. The softening paint by the Kraemer-Sarnow

method should be at least T0°0C. )

S 60% Polydekalolvinylether
Igevin ZJ 40% Polyvinylisobutylether

One sixth of the total 600 liter charged are introduced
into the polymeriger and heated to 80-90°C. The polymerization is
initiated by the addition of 400-500 cc. of a 1% BF3.2H20 catalyst
solution. A sudden temperature rise to 100°C., indicates the start
of reaction. The balance of the ether mixture and 2500-2600 cc, of
catalyst solution are added during a 2 hour period at 909¢, - The
kettle is then closed to the atmosphere and during the next 4-5
hours a temperature of 1309C. is gradually attained. The reaction
is considered complete when the temperature drops. A 97-98% yield

-1s- obtained., = - :

_ The following specifications are employed: Softening

- point- 65-70°C. by Kraemer-Sarnow method. Solubility in 65~959C.

naphtha, benzol and methylene dichloride - at least 10%. A 10%. -

~ solution in naphtha must be. compatible with an equal volume of &
'10% solution of Oppanol B 100 in naphtha. A 33%¥3 solution in equal

volumeg of naphtha and methylene dichloride must be compatible with

an equal volume of a 20% Oppanol’C solution in naphtha. Oppanol C

-is merely another designation for polyvinylisobutylether. A 104"

solution in naphtha must be compatible with an equal volume of a

10% solution of Oppanol C in naphtha. ' R :
3. - 1.G. Wax V. Polyoctadecylvinylether

L . . A 300 Jiter portion -of the 800 liter;fofai bafch,isladded-"é
to the polymerizer and heated to 709C. Gaseous BPFz is employed as =~

. the catalyst. The gas is introduc o the: kettl gh
~bottle filled with a parafin.oil a x i \
Ten volumes of nitrogen per volume of BFz

-nitrogen is-introduced through a tee in the line after the gas = =
-;~wa§hing=bottle}-%he)kettle’oontentavare gradually heated to 90°C," i
t;pr}bhﬁpqint:polymerization pegins.”The‘tgmpgratu:e is?alldwédftoﬂgd;;

>

to 9590, and the balance of the monomer is started in, In order %o
obtain a satisfaoctory product rigid control is necessary. Zhe
temperature must not be allowed to exceed 95°C. On the other hand

"thi‘)blylirflitfbn’:nlt:not:hc=yvr:ttttd=to=otop.i!ho rate .of

polymerisation is ohecked by titrating semples with 0.5X bromine
solution in CCi4. :

Prior to esoh large run & laboratory test polymerisstion
48 made to determine the characteristios of the particular monomer
svysilable. The monomer employed must not melt below 20-22°C., and
its boiling range should be within 160-200°C, at 6 to 8 mm, It is
distilled twice over KOH before use, The quality of the octadeoyl
aloohol used in the preparation of the ether is also controlled.
The following speocifications muat be met: acid nunber below 1%
saponification number below 2; hydroxyl number about 2103 iodine
number below 53.and a melting point not below 50°C.

The finished wax must produce & olear solution in 4
parts of 80-120°C. solvent naphtha. This solution must retain its
clarity for one hour at 0°C. The wax hes a melting point of about
500C., and a flash point of 180°C. I

A yield of 97% can be expected, The wax is claimed to'

‘have superior properties over the natural waxes particularly for

use in polishes.,

v Other waxy polymers were produced on relatively minor
scale. FPor example Densodrin ¥V, the polymer of the vinylether of
wax alcohols, is prepared at 90-95°C. in 99% yield under conditions-
gimilar to those described above, Densodrin W is e mixture of 7 .
parts polyvinylether of wax alcohols and 3 parts of polyvinylether
of coconut fatty alcoholes. It is obtained in practically quantitative
yield at a polymerization temperature of 50-~529C, Densodrin H is &
2 to 1 mixture of Densodrin and Colophonium, The melting points

and flash points of the above waxes are listed below: __ ...
- ~ | . Melting Point ~“Flash Point
Densodrin Vv . '4B8-40°C, L 2130¢,
. Densodrin W . _ : 35=360C, - - 1800¢C,
: -~ Demsodrin H - o - . - 207°%. "
D. Igevin Solutions . . , S o
‘ Igevin M40 is sold in 50 and 25% aqueous sclutions under -

- +the name Appretan WL conc. and Appretan WL 25 respectively. These are

" ‘used as textile finishing agents. Solutions of this polymer in :
. methyl and etbylacetate are also produced. The latter is a 50% . .
-~golution while the former is 70%, Igevin A50 is prepared-in 70%

naphtha solution snd as 70 and 50% solutions in'btﬁanélgand-methano~*l3

" ‘respectively, Igevin J60 is sold as an 80% solution in naphtha and
& To% solution in“ethylacetate S T e T T

1




E, Applications ‘ : APPREEDIX 1 ,
o In mddition to the appliocations nentioned under the . LIST OF GERMAN SCIBNTIPIC PERSONNEL ;!zBRVItlBQ

preparation of the individual polymers, ths following uses may be: - ' : - ]

noteds :

Igevin M40 Paper to metal adhoaivoi; giaoline proofrghak6f< k Nane Position " Looation

oconstituent,
.Department Head Ludwigshafen
Supervisor Ludwigshafen

P Dr., Hambsch
Igevin A50 Paper impregnation, paper to metal adhesives, Dr. Sochults
fly paper.

Igevin J60 Paper impregnation, shoe adhesives and in
bookbinding, fly paper.

Igevin Z Paper impregnation, cable insulation.
Igevin ZJ Paper impregnation, osble insulation,

—p,-Softening Point Method of Kraemer-Sarnow

S, A special glass tube of 0.5 cm.I.D. with a cemical
constriction to 0.3 .cm. at the closed end beginning 1 cm, from -the
end is employed. The finely powdered sample is tamped into the tube
with a wooden plug so that its upper surface is at the 1 cm. level.
Five grams of mercury are poured on top of the sample, the loaded
tube plus inserted thermometer are heated in an air bath within
a glycerino bath., The temperature is’ rapidly brought to within
250¢, of the expected softening point, after which the heat source
is—removed for 15 minutes., Heating is then restored so that the
rate of temperature rise is exactly 1°C, per minute. The softening
point is taken at the temperature at which the mercury breaks
through the sample. . - o v .
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APPEEDIIX
BIBLIOGRAPHY
Brief and genorsl socounte of the polymerisation of
vinylethers are given in the following publications.

1. "Plastics in Germany 1939-1945" by Dr. Gordon M. Kline, O0.P.B.
Dept. of Commerce, Washington, D.C.

2. "The Manufacture of Thermoplastics in Plants of the-I.G.
Parbenindustrie A.G., Germany®™ by Ray H. Boundy amd R. Leonard
Hasche, Combined Intelligence Objectives Committee.

3, €.I.0.S. Report, Item No.9,22, File No.XXIX - 62. Investigation
of German Plastics Plants by D.G.M. Kline et =zl.

Specific manufacturing details and control methods
ineluded in this report were obtained in part from “"Betriebsvor-
schriften fiir Igevine" prepared by Dr. Hambach.
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™ ‘process mm has the advantage of long osbelyst 1ife with
‘ ‘other hand the process operstes
umnts of” aeou ory oquipmnt

" This ropor!: gives operating snd equipment details to mppldnont
“earlier investigators® reports on the Waoker vinyl ohloride procean. Dotails.
of mmufaoture of the eotivated oarbon enploycd as_the earrier are also inoluded.

At the Bur@.maen planl: of Dr.
F there is




- -pEp ’mxb?:ma':nmmﬁ‘or’nocsss» AT
o Kydro;on ohloride obtained by the- eracking: of.‘gtatfao&iloioth:ﬁé-‘
4s roquired.at sn hourly rete: .of 50 obm,. . This.materisl enters the process

through a tangentisl mixer with the recycle gas le aving the absorption tower,
The mixod gu is donvez-ed to. the renctor ct a preszmre of 0,16 Kg. per square

aolution of methyl.

‘02 =59, : This gas is delivered to the

3.6, free from moisturo a8 determined

~_Aoetylene. received at the vinyl oride p1

'a dry purifier where it is 2
ozidize phosphine and - silane. -

. of.the: way up fromthe bobtomvand les

L operations
. acznz. ‘The gas. enbain 0. gr
liter of- vinyl (-} o . Op
507 - Below 16%.Na, 0

: By very '
and thoroforo the tenpomure of the outnlyct mass oan
ho’ enporature :lo gr:dunlly morouod from

oolera operating ‘in ;orios. % 8 e )
dditi al_'br _‘e__ ers, U %o -...¢a°c.1:2<:o3 orine,

a sorpticn tower at about- 1o°c,“
int 2 mters from the

Pro ucts. fo
: .d in ‘the: acetylene




to colum as reflux. at .800 Xge por hour.
-lo°c. returns to the. .baonﬁ;ion tower, -

“T 5 The pure oolunn operates at 8.5 :tmspboru gmgo
head tenporakure and & reflux ratio of about 6-8 to 1. 'The 'reboile towpor-
ature is not constant since withdrawal of bottoms is semi-oantinuous, "When'

the reboiler tempersture smounts to '120%, approximetely ome half the oom
are withdrewn for olean up in a batoh still, The usual ‘bemperuburo sgroad

1s 40-120 in ‘the reboiler. The avorage withdrawal rate of bot

26-60 kg. per hour oontni.ni.ng 10-20% monovinyl ohloride. Between "240-300 Kg, - .-

. per.hour. of overheads:at '80%. -are sent to.a cemstis aorubbor:ﬂh re. at:40%
-1 obtm, 'per ouxr ‘of '16% aqueous NaOH is 1 . :
drying

mted but it s mdito be .the nottflpooitio tor h ‘ ‘
resstions—In-the-case-of-sino: ohloride for oumplo oomidu-;blo qmuthl
ot ethyndeno diohlorido mro obtunld. ‘

m \mdorground ltortge tnnk h oquippod vith . wiro 'bukw oon=

taining hydroquinone, . This is still) used but believed to be superfluous,

The product is used cnt!.rely st Burghsusen hence not very complets product
speoifioations are available. It ig required thet the produst bo free from

" sacetylens by the mmmonisoal-cuprous ohloride test and free from HO1 by

silver nitrate test, A 'boning range spooiﬂ.oation 'us tornorly used ‘but

: thia has bo'e:i nblndmd.




Off Gu Coolera -8 total, onoh with 4 8q. meter aurtaoo.
our are ner cooled. hst two aro brine coolo&.

Abso 1on Tower - He:lght 8 maters by

-Paokea: ~20 mn. Raschig rings. R

: , t1.. and oontains a steem coil. with 0.6 aq.meterx'
Atmoaphario prossure‘stem is used,

‘Smetorahighby

Brine c‘ondonaor - Surraoe 4 aq. mtors.

‘n...‘.“ . Coluan = Height 5 m. by 200 m..u-m: ‘paoked. wieh
. 80 .

"Tingse Jeod. point st center. Reboilor is 0.9

“ms high- by 800 mm, dismeter amd is jubhd. A -toan ocoil :is

nlto avuihblo.

| Doletora - Tm oach with 4 sq. notora of :urfaco.

-~ Pure colum - ﬂo:lglrb 6 notora by 400 zm, dimter»paohd
. With-20- mmm..

:The reboiler has a ocapacity of =
meter,s ‘of h_e_a@:ins s\_u'tnoe. :




or, and 41, engor. ‘
: Taent] iI with pure colwmn “‘uooouory oqn!.pnub, itou 28.

2‘. 26. 27,28.3&29.". : ) : ‘ N

—

w

8. : ‘
» Tho aotivatod oar'bon used. in tha prepnrntion of the oatalyst

for vinyi ohlor:l.do produotion at Burghausen is a Isverkusen produst desig-
‘neted as Tdf: IIL ?omerly carbona AKT ‘IIT and AKTd III ‘were :used. : These

‘ :!hohotputiohuhnin;thoulnmooohdinoo d fron
When ‘0001 the msterial is washed countercurrently with agueous
oohlorﬁo #0id in s serios of three. tanks. The wash liquor: J.nv!.ng ths.

~ hyar
final tank has & 50% sino ohloride content end is re-used, A totel of six.

s0id proof drick tanks are: talled; : The zino ohloride recoversd at this .

' ;po!.n!: is about 55-60% of the or!.sin-l -emount used,

The J.ouohad aaterial is now heated with 3% hydroohlorio aoid

>'£or ‘one hour at 80=90°C to remove last:traces.of metallic compounds. In

cortain instanoss it may be nececaary “t6 ‘reboil .the carbon to reduco the metal -
content’ to the deaired extent.  Normally the ‘dilute -asid from the boil tank = -

~is- used in the leashing operation but when.a second 'boiling is required this

disoarded 6o ‘avoid oonteminating the oarbon. "As stated.above. the

ities may build up to such an extent that is
£ the solut:lon 13 gont’ to tho li.tho-_
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L

: ewbnﬂns;uld at
'mbhr 1tned. Abovo 80%. #old proof brick is
mum sino ohloruo -ton;a tmkl. e

"Bleok” po-e ‘with sn ash ‘content of sbout 1% md ssx total osrbon
oyed as tho raw nmbor!.d. 'rhe ﬁninhoq prodnct hu o -pparanb dons:lty
of 0,38 to- 0.42, ) . .

: m quality is oheoked ‘by adaorprtion of benzene upour fron al
stroam of air at various n"untion levels. A typloal carbon has. \tha ‘following
ud;orpeion ohnrnctoristins.

t:lm consmins naturo B

con:tant might. -

tio work involﬁ.ng
The only way of. maintaming this low.cop
ohlor:lde sinoe ooppor ramoval by the' ao:ld boil

One liter samples of AKTd IV and AXTd II/III were obtained st
leverkusen ‘for transmittal to Washington. From the Burghsusen plant npprox-
imately three liters of Tdf III were obtainod,
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’

Reviews German efforts %0 producs a grovp of plastioisers for poly-vinyl

chloride that wonld f£it into German economics and still satisfy the dsmands
of $he spplications. OContains a theoretioal discussion on plastioiser
constitution and details of mapufacture of essveral important plasticisers.

i




Intmmtim...o‘o'..ot-c..onoooooot‘.

Plastiocizer Studies - Relation Between Chemioal Constitution and:
Boftening Bffect of Plasticizers . . . . .

Manufacturs of Plasticisers (Iudwigshafen) .

Desoription of the Processes and Apparatus
"Bisulfate Process . . . . . . . .. .
Oirculation Process . . . . . . . . .
Vacuum Process. . . . . . + v . « .« .

Manufacture of Individual Plasticizers
Palatinol HS, . . . . « « . . « &
Palatinol BB. . . . . . . .
Diamyl) Phthalate. . . . . .
Dicyclohexyl Phthalate, . .
Plastomoll KF . . . . . . .

Plastomoll TAH. . . . . .
- Plasticizer 1980 Special.
.. .Plasticiger ELAGL 3 . . .
" Plasticiszer ELAOL 4 . . . .
Plasticizer OX (Divlolcarbonate) e
Plasticizer NP (Diisapropylnaphtha.lene) at Leverkusen
Plasticizors Type ELAOL at Leverkusen . . . . . . o .-
Desavin (Diphenoxydiethanolformal) at Leverikusen. . . .
rﬁ—Plasticizer-N (Tetmchloronaphthalene). e e e e e
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The purposs of the uvuunuoa was $0 detornine what German
- developsents in-the fie1d of- Poly=vinyl-chloride and poly-vizyl-chloride-00-—
polymer plasticiszation had taken place during the war mr-. and $o obtd.n
the -nuthotnrtn‘ data on their ph-tioiuu.

¥hile Gornny had developed several new types of plasticisers it
is doubtful that any of immediate economic significance to the United States
bave bdeen found. This is dus to the differsnce between Gornm and U.8, raw
materials. -

. Quide to the Reader: “ e

Thie report presents the information gathered from the investi-
gation of the German plasticiser industry in the U.8., French and British
Zones. It was not possidle to obtain information on the operations at
Bitterfeld and Elberfeld. Application of plagticizers is covered in Quarter-
master Corps Technical Intelligence noport f5. "!b.e Gerhan Plastics Indmtry'
and in CIOS Report No. XXV11-85, o _

Signiﬁca.nt pointn in Germn plast:lcizer teclmologyx

The lack of an 8 - 10 csrbon aliphatic dicarbonlic acid luch as
-sebacic acid for the preparation of esters was felt. The final .
‘approach to a-solution of this’ problem wag' mde with thio-dibntyric
acid with raw materials from the Reppe synthesis.  With an ester -
based on this type of acid, good low temperature and good electr:lcal
propertiea are at a maximum, - The’ lack of castor oil," the common ;

: ’.I!he abundance of Hacher—?rsch acida suggested those materialu al
rav mater:lals. “Ag‘a result large quantities ' 5

PLAS!I.‘IGIZER STUDIES TR
CONSTI TUT.




Thare was an inmut 1 the question as %o whether 1% would de
possible 10 deternine $he relasionship detween the constifution ot a

plastioiser and i%s plasticising properties, that is, vhether 4% would de

pessidle 40 determine withous experimental tests on the plassicised mass,
the properties of the plastioiser; $herefore predioting the properties of

. the plastioisers.solely. from. the known oonstitution of. the material, _Deser-_

=mining the existing relations Detween constitusion and plutioi:u‘ propu\-
ties is of course only poseidle on the basis of many tests of substances
which belong $o various chemical groups. As early as 1938 a program %o
deternine uxisting relations betwesn plastioiser constitution snd performance
was started. Faotors having a definite influsnce on the plasticization were

Zound $o0 bes

1. !ho size of the molecule
2. !ho form of the lolecnlo -

3. The polar concantrntion ot the plasticiser molecule.

To be a satisfactory plasticiser for poly—vinyl ohloridn. the
plasticiser must have many properties, i.e.:

1. It must swell poly-vinyl cblorid.e and poueu a diskolving power
s0 thdt At a processing temperature of 160°C. gelatinization will
result on a two roll nill. with a formation of a stable gel..

3. The pln.ticizor mut bave a 1ov volatility indax, 80 thnt 1t will
not ompouto ont of the mass. ,

3. It mst inpnrt\good physical properties vith'rupact to elongation
: and tensile strength

.. 4. In the case_of electric a.ppliancen 1t nu.nt pouus a upecitie
: reuintance as high as pouiblo. : _ : ,

B B 1 l‘hould‘havoﬁ 1ow toncuy valus,

6

. -3y and large, tests Tevealed that the most usadle plasticisers
ocan be found most readily among the esters. Usadls ethers are msh more
difriouls to find. The prospect of finding plastioisers among the ketones,
alcohols and pure hydrocarbons is almost nasgligidle.

In addition to the dasic requiremsnt for a substance acting as &
softensr having a polar group, there is also a dasic requiressnt that the
sudbstance possess & definite solvent action on the polymer. Alipatioc hydro-
cardons bardly swell poly-vinyl chloride, wvhile aromatic hydrocarbons possoss
strong swelling power. As a result, aromatis hydrocarbons, providing a low
volatilisation rate can be selected that will gelatinize a mass at 160°C,
However thsse etraight hydrocarbons do not possess all the desiradle proper-
ties consistent with a good plasticiszser. Their drawdacks are:

1. Too low compatidility. ZThey sweat out of the mass too easily.
" 2. Poor cold flexidbility.
3. Poor heat stadility. . o ~
The best known plasticizer of the hydrocarbon gi'oup was bensyl
naphthalene. ZThe limit of compatidility of this zaterial is 30 parts of

plasticizer (Vulcandl B) to- 70 parts of polymer. In contrast, the common
ester type plasticiser is still compatidle when nnd in the ratio of 85 pa.rtc

plasticizer to 15 parts of polymer. ) )
- . The introd.uction of chlorine atoms to the hydrooarbon moleoulo

-satisfies the polar group requirsments. - A plasticiser of this type is the

chlorinated diphenyl. ¥No product uuitnble as a plasticizer was found among
the purely aliphntic hvﬂrocarbons. o — )

. [ . .
- Chlorinated aliphatic hydrocarbons exhibited luitable solvent

action. It was therefore expected that chlorinated aliphatic hydrocarbons

with sufficiently long chains. to reach a high boiling point might find uge.
Plasticizers such as chlorinated octadecylene and chlorinated diesel oil -

from-the benzene synthesls were tried.  These, however, failed, due. to poor

physical properties in the mass. Here the relationship between the viscosity

-of- the plasticizer and cold resistance of the plastic mage was demonstrated. :
The higher the plasticizer. viscosity the poorer the cold temperature stability .-
- will be: The. higher. the chlorination of ‘the hydrocarbons. the more viscoua S
" "the reaulting ‘chlorinated hydrocarbon will be. " The denirable high boiling
' point ‘was only realisablo by highar chlorination. R . RS

lover chlori : tod hydrocarbona were mch too vola.tile.__ ha.d.




chlorination of the hydrocarbon resulted again ia insuffioient polarisstion,
Yor example, methylens ohloride is polar, while cardon tetrachloride is aoe-
polar. Oorre » methylens chloride &s a relatively potens dissolving
and svelling agent for poly-vinyl chlorids, whils cardon tetrachblorids bas no-
solvent action on this polyasr.

¥ith these materials it 1s also possible to attain gelatinisatlopn "

only with phenols and aromatioc slcohols. Purely aliphatic alcohols have no

swelling properties. FPhenylglycol, dicyclohexylmethyl-carbinol eto. possess
good gelatinising properties at 160°0. Films obtained from these coxdina-
tions, however, are not ussable bocause they are too bhard and thess plasticixers
are too wvolatile., To a degree, an exception might be granted for dicyclo-
hexylmethyl-carbinol, the film of which has a cold stability of adout -10°0,

It 1s still a poor plasticiser when used above 26% because of its high
rolatility.

Eetoneg

The ketones exhibit good solvent action and will severely swell
poly-vinyl chloride. . Poly-vinyl chloride can be gelatinirzed by several of
the ketones, even thongh these materials are low from the standard of
polarity. Very little work was done on the development-of-a ketone plasti-
cizer‘ : . ' - N

-Ethers ...

) The properties of ethers with regand to poly-viwl chloride.are
quite similar to those of the ketones. Purely aliphatic ethers have B
negligible swelling properties, while the hliphatic aromatic mixed ethers
do have sufficient swelling powers, and it is possible to form a gelatiniszed
.sheet with these materials.  Among the many ethers tested, the following four
are found most suite.ble: - . S ,

1. 2 3 dioxydioxeme-diethyleneglycol ether

2. Dicresyldiglycol other _

3: Di:queneglycol ‘ether (Plastol DG)
p'-phenon-methyltetrsnn ('.l‘eolan P)

" Of interest ie a conpe.rison 'betveen di:yleneglycol ether and. '
F-phenoxy-methyltetralin - In:
group e_ziste in the. nolej

that of the thyltetralin, which leads $0 the vonclusien
this material should be more switabdle as & softensr, and no douds 14
exsrt & greater attraotion for 4he poly-vinyl ohloride molecule. Bvapore~
rete 1 noh lower with this material than for the J-phenoxy-methyltstre~
oven w svaporstion rats of the pure material is higher.

$. of
)

than
that
does
tion
1in,

As already mentioned, the largest group of good plasticizers caz'

be drswn from this group of cospounds. ZThe aduniance of polar groups
fulfills ons major requirement for a suitadle plasticiser. 4lso, the strong
swelling properties of the esters make thex ideal for poly-vinyl chloride
phlticintl.

A large group of ester plasticizers were -snu.feotured in Germany
known under the trade name of "Palatinols®. Dimethyl phthalate (Palatinol X)
was produced in some quantity, but was too volatile to process on a 2 roll
zi11 at 160°C, Dibutyl phthalate (Palatinol C) with its higher boiling point
wag readily processsd, but is generally considered too volatile. PFPalatinol
V., vhich is & 05 - Og Fischer-Tropsch fatty acid alcohol ester of phthalic
acid, has properties quite similar to dibutyl phthalate, being slightly too
volatile, but otherwise satisfactory. The first running Op to Og alcohol
produces the most satisfactory esters with phthalic acid, This plasticizer
offers the best cold resistance and heat resistance, having the ideal aloohol -
chain length. If a longer chain alcohol is esterified with phthalic acid,
the compatibility is reduced and also_the low temperature flexidility. This

" is exhibited by the lorol alcohol esters which tend to sweat ocut of poly—-vinyl g

chloride and lmve poor eold stability.

~ The phtha.ls.te acid esters from eliphatic alcohols can maks ezeenent
pla.etioixers. All the desirable properties occur when the aliphatic alcohols:
bhave a chaln length of from C7 to Cjp, the lower alcohole imparting too great
‘volatility and the higher alcohols decreasing the compatibility.  Esterifi- -
cation of phthalate acid with aromatic or araliphatic alcohols will effect

" & decrease in the plasticirzing action of the ester. An example of this

difference is well shown by comparison of normal octyl phthalate and wethyl-
‘cyclohexyl phthalate.  Normal octyl phthalate is an excellent plasticiger,. .
while methylcyclohexyl gele.tinizes badly and has only elight goftening action
This ehows that the accumlation of ring systens in the plestioizer molecules -
affects a deerease in tho plasticizing action. L : ‘ . ) :

’ Replacing the bengens - ring nnclens by the na:ohtha.lene nuclens S
decreases the plasticizing action of the" corresponding esters. These esters
“have poor cold: flex. properties. Some ‘of ‘the bensoic acid esters hav ‘beon o
etudied. ‘.'Ehe chloro e.nwl estere. have' ery good col ste‘bility. :

LD



4n the cable industry is tetrabydrofuryl oleste, Kere we have & cuan, e
greater than Ojg, but & plastioiser with very strong plastioizing sotion when
used in ssall amomats of 10 - 20%. Beyond this smount sweating out vas
experisnced. In genersl, esters with sn aroma$ic puoleus and aliphasio side

obaine are very suitabdls ss poly-vinyl ohloride plasticisers. Phw:: ::d -

a superior acid for plas ticizer manufsoturs fros ssveral points.-
:.roh‘a”vol.y lov cost, is generally availadle amd isa dicardoxylic aoid,
S teh 1s favorable. An sgglomsration-of ring systems, such as one finds in
diphenyl phthalate canses reduced plastioising astion. In addition to esters
4n which we have aromatic groups, ¥e may have straight alipbatic esters.
These are also excellent plasticisers. 4 good sxample o!- this ph-uc;l-r ‘

is diootyl sebacate.

Sope c;f the alcohols and acids that are ocongidered sultable as
- plasticiser coxponents are as follovwss

.

{(a) Acids - suscinic
glutaric
adipic
sebacic '
thiodibutyric
Fisohor mp”h acids 06 - olz. ete, -

© . (b) Alcohols - diglycol
 ‘butanediol
propylene glycol
©  Fischer Tropsch 04 - O3

The esters of aiiyic acid first :nmning T echer. Tropsch fatiy acid:

1e reveal a diminishing volatility with a ‘.l._qngtheningvof alcohol chain,
;i:ql;:m 1e of course gemerally true for all esters of this type. With the
first running fatty acid ester with triglycol, loss of compatibility with
sweating out begins at Cg to C13. Cg to.033 alcohols also represent the
Timtt of chain length in the esters of thiodibutyric acid. In the case of

aliphbatic acid alcohol ‘egters, it has dbeen determined that the compatidbility .

1imit lies with a total length of 36 carbon atoms.. This 26 carbon atom limit
was baged on observations made-in-connection with.several types of esters, .
divagic acids of monohydric alcohols;: model basic acids and polyhydric al-
cohols, and dibawic acide snd polyhydric alcohols.. . . . .0 .

'Little work on polyhydric alcohols and dibtesic acids wae doms.

In this group of poly. esters it wag found that & too sbort 1limlt of polymer

ohain resulted in water sensitivit; 'vhil‘e'a-"toolléng chain ‘re
.of compatibility. -~One such poly. tured:

s thiodibutyric acid - butylene'g

I8

.. . action of this poly. ester

- In general it was obacrved thas detser cold flex resistance can be
schieved with aliphatio chains than wWith dranched chains. This 1is 1llustrated
by $he greater cold. resistance of Palatinol F as againet Palatinol HS,
Palasinol P is 0y - 030 Fischer Zropsch diester of phthalic acid., I$ bas
als0 been fodnd that the low temperature flexibility of a polyvinyl chloride

_plasticized mags, once gelatinizing power snd compatidility of a sudstance

are estadlisbed, depends to & great extent upon.the viscosity of the plassioi-
sor. Dr. Wosrstlin at Indwigshaven made elaborate tests proving the
relationship between plasticizer viscosity and low teaperature flexibdility.

He proved a direct conneotion in almost every éase, bus did find a-few
exosptions. One exception was the case of trioresyl-phospbate and triphsnyl
pbosphate, Zricresyl phosphate is an oily liquid at 20°0,, while tripheayl-
phosphate is a solid. In spite of this, these two materials exhibit
practically ths same plasticizing curves.

In 1939 it was recognised that large quantities of a sultadle
plasticizer for use in cable installation in connection with poly-vinyl
chloride would be required. In this case low temperature properties would
be very important. At the same time the electric properties should be kept
at a paximm., It Was proved that polyglycols and ether carbonic acids with
the replacemsnt of the oxygen by a sulfur atom substantlially improved the
electric properties of poly-vinyl chloride films produced from these esters
without impairing the cold-flex resistance. Prominent among the sulfur
containing esters wers the esters based on thiodybutyric acid and thiodi-
glycol. 'The gulfur containing esters resulted in poly-vinyl chloride filmsg
having a specific resistance lying about a tenth power higher ‘than the normal
esters. It was also assumed that branching of the aliphatic acid chains was -
favorable in respect to electric properties of the filme. In many cases it
wvag found advantageous to sacrifice the low temperature flexibility in favor -
of better electric properties. : S o o

" A comparison of electric propertiees of the filme made from esters
of the first running fatty aclds with glycols indicates that like low s
temperature resistance, the electrical resistance incresses from the lower ..~
glycol ester on,- via butanediol ester to the octanediol ester.  Ths esters -
of guccinic and maleic acide were checked.- A long chain of alcohol was
esterified with these two acids. Film made with the maleic acid esters
showed a higher ‘specific resistance. The dichloromaleic acid esters were
then made up. With a G4 fatty acid alcohol esterified with dichloromaleic, -
an excellent plasticizer was produced.. It was believed to be the best ~ '

- plasticiser for ‘the cable industry thus far investigated. = .

las re ¥nown u.nd.er thetradename
nt lay-out at Ludwigshafen for these esters.
m.,,-forwuo;_ of: the :ee.cjiozi ‘procee

© s r—— . . - - . . } |



according %0 ths gensral estar squation
RCO0K 4 R:OB o—=prp  R:CO0-R ¢ B0

In this.reaction doth of the esterification components &re bmht

. togetber in the pressnce of an.acid catalyst, for exssple sulfuric acid,
p.tolusne sulfonic etc. In order to shift the equilidrius during reaction
to the aide of the esters, the water formed during r“_onon sust be removed
as it s formed. In the manufacture of the Palatinols the removal of the
wvater was carried out dy three’ ditterect processes,

1. The water is linked on to an inorganic solid such as sodium
bisulfate. The sodium disulfate at the same time acts as an
osterification catalyst dua to ite acidic nature. This is the

Bisulfate Process. .

By means of carrying out areotropic distillation using a hydro-
carbon or a chlorinated hydrocarbon as the medium. This is the

Circulation Process.

By vacuum distillation, in which the water is swept out by a gas
stream 8s 1t is formed. After formation of the esters they are
alkalized with sods solution,- aeutrally washed with water, blown
out with steam to remove readily volatile-portions, clarified

v 1th active decolorising carbon dehydrated under vacuum and
ﬁltezed This is the Vacuum Procoss. [ o . . ~

It was not the praotico ‘in the Ludwigaha.fen Palatinol Pla.nt to
distill the esters, in as much as they could realize no gain that would. :
Justifv the ¢xpense of this additional process. The.color of the esters .
was often improved by the addition of O. OOZ% potassimn permanganate to the
finiehed ester. ) , .

DESCRIPTIOR OF TEE. PROCES”SES AND APPARATUS

Bisv lfatc Pxouuaa

This process can be advantageouely applied when the acid usad s B g

the achydride, and only half the amount of water’ must be bound. by the i
bisulfate. It is also most active where the lover alcohols are eeteriﬁed.‘ -

the :lower alcohols having a higher degree of re—activity When one reaches

~ an alconol such as 1soamyl with itc 1ower activity, th:ls process ‘.la no longer
advantageoua. : . . S S

6 .m capacity. Thie vessel is provid

opouuu n L] n-. -m pressure, The kettle is provided with a 1..4,;,,.4
stirrer of anchor-type revolving 237-r.p.m. - The time of reaction for swoh a. ... -
prooess -4s generally adous 8 hourl. In order $0 avoid orystallization of -~ -

"the sodium bisulfate during the cooling period following esterifioasion,: A -

is necessary to add additional water. After cooling, the contents of the
kettle are pressed by an air head through & lead riser in the vesssl t0 & 80~

~oRIYSE " SpitE oylinder, passing Trom the Spiitx oviindar to ths ettliaptank

which is a cylindrical enamelled vessel with a pointed bottom equipped with
an sgitator. This vessel is 2400 mm. high and 1800 mm.-in diameter. ZIhe
agitator is an anchor type, revolving 854 r.p.n, Herd tho rav ester and di-

‘sulfate solution are dissociated from each other by letting the lower layer

drain off, This vessel is valved at ths bottom by a rubber-lined squeess
typs valve stmilar to the Hills NoCanna valve. A volume of water equivalent
to the volume of the ester romaining in the kettle is added, and sufficlent
s0lid soda is added to bring the pH slightly adove 7. Ths alkaline pH should
be maintained after one hour's stirring. The esterification dy this method
cannot be brought to 1004 completion, with the result that 8 - 13% of mono-
ester still remains. This is soludble in the soda solution and-can de -

. isolated by acidification. - The monoester is collected in a lead-coated

receiver and used later. The alkalized crude ester is now passed to the
second 6 m® kettle. This kettle is provided with a steam jacket having a
heating eurface of 6 mS. This vessel is equipped with a steam line to, enable
the carrying out of steam distillation. To this vessel is connected a’ vacuum

' condenser. 1 - 3% decolorising carbon is then added and a small quantity of
'8011d soda. The temperature in this vessel i1s brought to 1000 - 12090, and -

then.-a vacuum is applied. This will remove the last traces of water and un-
reacted alcohol. When nothing more can be pulled over through the condenser,
the temperature is allowed to f£all to 800C, The estor is then pumped through -

4 a filter press having 34 frames 800 by 80Q mm. This press is of Sperry type.
The filtering material is Jute cloth backed filter paper, The advantages of

this type of esterification process are its simplicity, its relatively high
space time yield and its abllity to produce 1light colored esters. The dis-
advantages are on the economic eide,-in as much as great quantities of sgodium

" bisulfate are involved. The corrosive action of the bisulfate solution also

brings-up the cost of equipment maintenance.. Renewal of the lead-lined
apparatus in such a plant must be made on an average of every three months.
Using refined lead was found to double this life expactancy. Vessels lined

- with ferrous-silicon plates are going to 'be tried. -Gaskets used in the
: equipment are 1ead o _ IR : a

: circulation Procese \

oceee_‘can be used in tne ma.nufacture of ‘almost a.ny es-er.A -
ge of ‘low yield per unit. volume of reactor space,’ and. !
_;affected by the increase N,




wray

v

stesa Jacketed and 1 equipped with a oondenser and Florentine »itle %
soparate the water carried off, . Durisg the war, etbylsne dichinrids ws $he
commcn material for mking vp $he aseotropdo mixture, - This vasiue %0 the ..
shortsge of hydrooarbons snd would not gensrslly de pxectised. As.a.xesuld... .
soms etkylene dichloride was oontinually lost by wvater solution, B3 T
soxio nature vas no% sppreciated in the plant. %o carry out the resstioa

the acid, the alochol, $he catalyst snd the ethylens-dichlorids were alded

the Florensine bostls. The oondeneer was of the 6 »% condenging area And Was
of shell snd sude construction. The ethylensdichlorids condenses, returning
to the kettle from the Florentine ssparating bostle, the water deing disolarged
$0 a measuring vessel. In these lines are glass sections o check the flow
visually. The capacity of the msasuring vessel for water wes 1.6 as. The

rate of reaction was checksd dy the rate of Qov of ths water from the
Florentine bottle and also by the acid titer. N

. This distillation will normally be run with a vessel temperature
betweon 90 and 110°0. As sopn as the siter has fallen to sdout 1, the esterifi-
cation is regarded as complete. The distillation is then switched over t0 &
. vacuum condenser and a slight,vacuum applied. The ethylene dichloride is
pulled off under these conditions and stored in a ssparate receiver to de -
re-used, The ethylene dichlorids has another disadvantage. Hydrogen chloride
1s-gradually liverated, which results in equipment corrosion. To combat this,
lead-1lining of the pipes is generally practised. - e

Yacuum Procesg o o o .

- A 6 u3 kettlé equipped with & stesn- jacket and sn agitator are

_ used in this process. To the kettle is connected a vacuum line and a con~- .
denser. The acid alcohol and catalyst are added to the kettle and the mass

heated up to 1000C, 'and held at this tempsrature for 1 hour, - The vacuum is.

. then slowly spplied, and a moderate air stream sucked through the mass.in the .. .. -

~ kettle. Nitrogen was used at first, but was discontinued when air was found .
satisfactory. The temperature is alowly raised to 120°C. The termination of
the reaction is determined by titration. This process unfortunately can only
be applied when the components of the reaction boil sufficiently high that
they do notpass over with the liberated water to any.extent. “The economic .
side -of this reaction can be sppreciated, when it is realised that no water-

_earrier or absorber is required. Also, esters of particularly good -electric -
properties can be produced by this method, in as much as no traces of mn- -

. . desirable iryurities are present to dbe left behind, such as ethylene al-’.

| ohloride =nad sodium bisulfate. Aleo, the space time yield of this. reactio:

i higher, Furthersore, hydrocarbons, olefines, eta, present in the -
aloohole are resdily distilled off vith the weter, so that & subsequent
dloving ous with stean is often no$ necessary. T

1210 kg. phthalate anhydride .
2200 kg. heptyl hexyl alcohol from Leuna synthesls
1000 kg. sthylens dichloride

20 kg. paratoluene sulfonic aocid

9 kg. concentrated sulfuric acid

As in the general description, this reaction is run in a 6 e
capacity kettle and the water is continuously removed during the azeotropic
distillation. After 10 - 12 hours, no more water can be collected in the -
water receiver, and the titer will have fallen to about 1. The excess of
ethylene dichloride and non-esterifiable portion are pulled over by vacuum
distillation and the temperature of the vessel is raised to 1200C. The crude
ester is now aicoholised with solid soda, after having been ?saad into the
separatory vessel with b pointed bottom, and containing 2% a°of water. The
watery portion is drained off and the ester blown out with steam in the ‘steam
still under a vacuum. 60 kg. of de-colorising carbon and 5 kg. of soda are
added and the ester stirred for two hours at 120°C. with the vacuum on full. -

The ester is then pumped through the filter press. .
2350 ké."Palatinol ES. (88.2% based on pptmgjs’g‘ a.cid)_..T :
'Physical Datas ,'Golor: 10 - 30 iodine Iir_o~ )
‘Boiling Point: 280 - 245°C. at 20 m. Bg.

s ec_ific.ér_avi? 3 2000, (.995 - .1010) : , .

© Acid Wo: 0.2

' 'Saonifijca;tioﬁ No: 310"




Process - Bisulfate
Into s 6 n3.lead~11ned vossol vere sdded the followings

~-1350 kgs. phthalic anhydride -

1040 " denxyl aloohol (1ooo nm.)
€00 " Yvutanol pure (740 liters)

1500 * sodium bisulfate (pdverised)

The mixture is beated $o 100°C. and held at this temperaturs for
five bours. Then 2 m° of water is addsd and the mixture allowed to-settle in
the pointed separatory cylinder. The aquecus bisulfate layer is then drained
from the separatory vessel. It is then bdlended with 2% x3 of water and
alkalized by the addition of solid soda. The agqueous solution must remain
alinlized after stirring for one hour, The aqueous part is drained off and
ths crude ester transferred to an enamslled agitator kettle equipped for
steam distillation. This kettle is also equipped for vacuum distillation,

"In this kettle the oster is blown out with steam under vacuum for ons hour
at 1009C. 30 kg. of decolorising carbon and 5 kg. of solid soda are added
and the vacuum sgain applied. The ester is agitated and heated to 1200C.
After 1.~ 3 hours the ester is allowed to cool to about 8000 and pnwped %o

a filter.

- Instead of a.dding both alcohols aimﬂ.taneously. "the dbearyl
a.lcohol may be added first, end after. conpletion of the formation of the
monoester the butyl alcohol may be added. This procedure will result in
leps formtion of di‘benzyl and dibntyl eeters. . , o

, Yiald » »

2360 kg. Palatinol EB (70.5% yield based on phtbalic acid)

 Bhyeteal aata: Oolor 2 - 10 mg, iodine ‘
Boi-i 1ng‘»156'1n£' : zéo}"- 280°C. at 20 um. Ee.

T spécific G-rav:l.tx ‘(209)'"11,',080 -1,090

Acid Fo: O z

o --Sap ozﬂ.’fication Nog 360 < 375,}. RN

71980 xg. (3300 liters) iscamyl alcohol (mr ¥o. 864)
1500 kg. sodium disulfase:

The mixture is heatsd to 100°C. in the 6 »3 lsed-lined agitator
kettle and held at this temperature for five hours. 2 a3 watsr are then
added and the mixture allowed to settls in the large pointed-bottom separs~
tory vessel. The bisulfate solution is then drained off and 3} m3 more water
added to the ester. Solid soda is then added to raise the.pH slightly adove
7, and the pH maintained during one hour of stirring. After the ester is
separated from the water layer, it is transferred to the enamelled 6 =° steam
'stil]l and bdlown out with steam under vacuum for two hours at 100°C. 50 kg.
of dscolorising carbon and 5 kg. of solid soda are added and the temperature
raiged to 1209C. under full vacuim. After 1 - 3 hours the temperature 1.
allowed to fall to 8000, and the ester pumped through the filter.

» . Yield
2100 kgs. diamyl phthalate (77.9% yield based on phthalate actd)

Physical Data: - Color 5 - 20 rg. iodine
Boiling Point: 218 - 280°C. at 20 mn. He.
Sgeciﬁc Gravigx 20°C. (1.020 - 1.024)
Acid No: Less than 2 o
Sapomification No: 350 - 360
Dicyclobexylphtlialate:

Process - Circulation

Kettla c g ‘

1500 kg phthalate a.nhydrid.e )
! ‘cyclohexa.nol : SRR




1s then pulled off under vacuum. The temperature inside the Jottle ia raised
to 120°0; &fter a shors period of 120°0. the crude ester is transferred to
the large separatory vessel and mixed with 3} mS of wvarm vater. B8olid soda
1s added to ruise ths pH above 7. The mixture is kept constantly adove 90°0.,
as othorvigo the ester will decome visoous and ultimately eolid. After
_separating the aquéous solution, the ester -is washed clean with hot water,
separated again and transferred to the stesm and vasuus still to bde dlown
out with steam and dehydrated under vacuum at 120°C. after the addition of
8 kg. of s0lid soda. The hot produst is transforred to barrels for further
rocess. The.yield at this point is 2850 kg. dicyclohexyl phthl.hto crude
86.5% yield dased on phthalate acid).

. The barrelled product is further purified by re-orystalllsing froam-
an almost saturated spirit solution. In this process ths dicyclohexylphtha-
late is mixed with the gpirit and 5 kg. of d.ocoloriting carbon per 300 kg. of
" dicyclohexyl phthalate.

The mixture ie stirred in a small eteam kettle at 75°C. for 1 hour.
The ester is then passed through a filter up to the crystallising pans.
Crystals are collected and further dried in a circulating air type dryer.

¢ [,

Tield

250 kg. ucyclohenlphtmue per 300 kg. of raw product

‘ (72% yield vased on phthalate acid)
Pl_::x gical Data: Golor': colorless crystals
' Melting Point: 63 - 65°C. '
Acid No: Less than 2/10
--M.LQ_CL_M' 340
Ple.stomoll K T

Process - Circulation Ce

.Ke ttle Charge

© 2300 kg. first running Fa.tty a.cid 07 - Gg
_ (Ac:.d No. 400) . -
1200 k:g triglycol . .
- 1500. k'g .ethylene’ dichlonde .
‘ 5 kg. sulfu.ric acid (concentra.ted)

distillation tnit. After 10 hours of distillation the titer will bave dropped
$0 adous 1, and the excess ethylens dichloride is distilled off from the
vacuus and the temperature Taised %0 130°C. in the kottle. ZThs cruds ester

 is_transferred to the separatory vesssl and 2} x® of water are added. Solid
soda is then added to noutralize the acid. Severe foaming will de mounum
T in thde tcp ‘aid ‘dare ‘ist de taken “to avoid over-riowing. A zmell-amomnt =

of sodium chloride may hers be added to aid in dissocistion of the ester and
water layers. The orude ester is again washed vith 2} »J wator, separated
again apd then transferred to tho steam distillation unit, where an additional
60 kg. of de-colorising carbon and § kg. solid soda are added. The tempera-
ture is raised to 120°C. under vacuum, and after 1 - 2 hours cooled to 8090,

and pumped through the filter.
) Yield

2500 kg. Plastomoll KF (79.5% yield based on triglycol)
Physical Data: Color: 20 - 40-mg. iodine
Boiling Point: 200 - 290°C./ 20m.Hg.

Specific Gravity: (200C.) 0.980 - 0.990
Acid No: 0.3

: M- 266 - 306 -
Plastomoll (dietbylhexylthiodi‘butyﬁc acid eater)
Proceaa - Ve.cuum : )
| | Eettle Chaige
2000 kg. of th:lod.i'butyric aci.d. ‘pure
. 2670 " ethylhexanol
0. " decolorising carbon :
_ 5% '-sulfuric acid (concentra.ted.)
g !L‘his mixture is heated t0, 2009C. in the steam vacu.um distillation
un:lt vrith enamellad kettle and kept- at 1000C..: for one hour.. The vacuum is

‘then gently applied and 'brought to-a point where an intensive air stream is -
suched -through the. mixture. The - temperature of the vessel is slowly allowed .

| to rige. to: 12000; - after 6 -7 hours the titer. willha.ve dropped to 1. The .
- reaction will ‘then be consi red finished. - The crude ester is then alka.lized T

1 with a% m3 wa.ter and: solid soda- it e




M40 I:. num.on R (uotmnomthtoubnmto uu)
{835 yield dased cn pmunc acid)

mnumm 230 - 397°°-/ 20 =, 8:-

Seoific Gravitys (2090.) 0.964 - 0.967

4018 Yo 0.2

Seponificatiop Wo: 250 - 270
Plasticizer 1980 Special

Process - Vacuum

* e o

Eettle Charge

3200 kg. first running fatty acid. C7 - Cg
1500 kg. thiodiglycol »
409 __decolorising carbon
20 "* para toluene sulfuric acld
LD su.lfuric acid (concentrated)

Thie -mixture is introduced in & 6 m3 enamelled kottle equipped .
for eteam distilletion with a condenser and vacuum receiver and heated to
1000C, for one hour. After one hour. the vacuum is gently applied until an
intensive air stream is sucked through the mixture: The temoera.ture is

slowly raised then to 1209C.  Besides the removal of reaction water, volatile S o

. thionyl comooﬁ”nda are distﬁ.led over some dithiam with jmelting point 1119C.,
passing over into the condenser. OCare must be taken not to allow this :
material to crystallize on the surface of the condenser_and .in this Wiy clog.
the condenser. The esterification is usuelly comoleted. after 35 .- .40 hours,

when the titer has dropped to approximately 2. The crude ester is then trans-

ferred to the separatory vessel and alknlised with solid soda,”after the
addition of 2% xn:5 of water. Some sodium chloride may be needed. to effect :

better separation of the two layers. "After two. ‘washings’ wibh warm. water a.nd L

separation of the water, the ester is transferred to the. steam distillati
unit a.nd 80 kg of decolorising carbon '.‘l.s added and it is sub,jected -to
vacuun steam dist:.llation for’ % hou:r. 5 kg, of solid soda. are then: added

sl

lastioiser 1080 fpecial
70” 71412 based on first running fatty oold)

_Phyeica) Date: Oolor: 30 - 300 mg. io0dine
Poilipg Point: 206 - 295°C./20 mm. Eg.
Specific Gravity: (20°0.) 0.995 - 1,005
Acid ¥o: 1.0

" Saponification No: 280 - 310

Plasticirer ELAOL 3 °
Process - Oiz:culation

Kettle Charge

590 kg pentaerythritol :
2500 " first running fatty acid C4 - 06 (Acid Fo. 488)
1000 l@. ethylene dichloride

0" sulfuric acid (concentrated)

'.Ehe mixture 1s charged into & -6 m5 - enamelled ksttle equipped. for.

' azeotropic distillation. The température of the mixture is raised until dis-

tillation is started. The esterification.is completed after 70 - 75 hours,’
when the titer will have dropped to about 8 - 9. " The excess® ethylene di-

“'‘chloride ig distilled off under vacuum, and the tempsrature gradually raised -

to 1200C. The crude ester 1g then sent to the polnted bottom separatory
vessel. - To the separatory vessel is added 2% mS water and sufficient solid

" ~"goda t0 alkelize the mixturé. The water layer is ‘separated and the ester is_ .

washed once more with warm water and again separated, The ester 1s then
pnssed to the steam distillation kettle, and dlown out ‘with steam for about

2 bours, 50 kg of decolorising carbon and 5 kg. solid soda are added and

the' temperature raised to 12000 '.l'he eater is then cooled and punped through

- ths. filter press.

.

1870 k. of Elesl 3. av 5 vie

, p sical Da.ta. Golor' : 1oo - soo me. iod:lne Y

B ;aoi;igg Po:l.n : 185 - :szooc / zo mm, He.

I
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fSpeoific Oravitys (20°0.) 1.036 - 1,068
Acid Jor 1.0
 Bapenification Wor 437 - 40

]

Process - Olroulation .
Kottle Obarge

700 kg. peatasrythritol
3600 ® first running fatty acid Oy - Cg (Acid Wo.410)

1000 * ethylens dichloride
10 * gsulfuric acid (concentrated)

. The mixture is charged into the 6 x° enamelled aseotropic ais-

tillation unit and the dietillation started. The esterification is generally
- fipished after 75 - 80 hours, when the titer will have fallen to 7 - 8. ZThe

"excess ethylene dichloriace is distilled off under vacuum and the ester slovly
brought up to a temperature of 1209C. The ester is then transferred to the
pointed separatory kettle and 2} 'm® water are added. To this sufficient solid
‘soda is added to allmlise the mixture. This mixture mst be kept warm in :
order to separate the two layers. After the two layers have séfarated, the es-
ter is again washed with warm water, again separated and then transferred. to
the ‘steam distillation kettle, where it is blown out with steam for about 2
bours. 50 kg. of decolorising carbon and § kg. of solid soda are added and
the temperature brought up to 120°C. under full vacuum, After slight cooling,

~

the ester is pumped through a filter.
‘ Tied Cos

’.

" 2570 kg. of ELACL 4 ‘(80%,__yiel‘,d’based "on""pentaerythzv'itol)

FU—

o m sical Deta: 5.095.91':' 100 - 300 mg iodine
—— Bolling Points- 217 - 35000 / 20 mn. He..
 Spesific Gravity: (20°C.) 0.980 - 1,000 T

ol Fo:
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- ' Plasticizer NP at Leverkus _
Lo (Diio“up;opylngghthal_g'np; o

1.

10,000 ter oapacity

sigtion FE8EIe1~ 20,000 11ter oapacity, ‘lesdolined wAMD oo

3itrater and jacketed for heating and cooling.

s

3. 1 Pressure Jilter of Bperry type.

4. 1 Yecoua Distillation Unit with 3500 liter retort

plated, fitted with heating coil. Designed for

~

65 atmospheres steam pressure.
Kettle Oharge

2000 kg. xylol -

1800 Xkg. sodius hydroxide (50%)

4500 kg. water

Theee materials are charged into the one 10,000 liter lead-lined

vanadium d]:or.

reaction vessel and the temperature slowly raised to 35 - 40°C. VWhen thie
temperature is reached, 1200 kg. of phosgene are puzped in.
hydroxide mst de consumed after phosgenization to a point where iess than

The sodium

" 3% free KeOH remains. The reaction, however, mever should be allowed to g0

over on to the acid side. - The resulting compound is then drained into the = .
vacuum distillation unit and subjected to vacuum distillation.’ ¥rom SOOO-kgu._

rav product, the following fractions are obtained:
‘ ' 900 kg. of first running

200 ¥ ' -of-intermedimts running -

1600 ® of main running,

Boiling point: 230 - 2450C. at 16 mm. Hg. 200 ke. high boiling residus, =
The first runnings and: the intermediate runnings are returned for qubse,qmt‘ o

d.ist;llationu. .

- sap 'o'xvziffijcg tion No:’

2. L Naphthalene Melting Vessel const

pished ot Liva

[




3. 160 Aiter oapeclly Centrifuke L B
; 3 m. upu' 1%y, miypoltqﬂru.:bum‘u
‘,,,_ T heating; fabdriocated frem ivem. -

pressure, with indics
~ ‘steel. o )

" ' . at 30 atmonphe
5. A Storae Tk for progriens; _cupable of operatiag at 2 e e

’ -
Into the autoolave are ohutod the followingt

600 kg. pure aaphthalens
800 liters of propylens
10 kg. tonsil
5% ginc chlorids (water free)

The molten naphthalens is sucked into the autoclave by drawing &

vacuum on the autoclave. 2inc chloride and Tonsil are added with stirring asd

the temperaturs of the mixture brought up %o 15000, The propylens is then led

in, in & liquid state. After about 3% hours the propylene will have reacted

and the temperaturs will have risen to 250°C. The reactlon aixture is then

* cooled down to 10000, and passed to the centrifuge. 1000 kg. of Taw produst

' . 41g obtainsd from the centrifuge. The raw product-is now sudbjected to dis-
tillation. ST |

' Raw d11sopropylisphthalene is chaiged into the 3 m° vacumm dis-

tillation unit and gp k;? of dry soda are added, The first fraction of the

mixture to pass over contains a high percentage of naphthalene and mono-

1gopropylnaphthalene, - 15% of the Taw product passes over in this form, ~The -

next end main fraction, (about 70$) is then collected. The final third
running (about 12%) is eolid and constitutes higher propylated naphthalenes:—

- The remeining 2 - 3% is washed out of the still with stesm and digce,rdgg.
' 'Sgegifica:tic;ns of Prod.uct:: o - . BN
Color: Water-clear to light yellow
o A\‘rev age Sp Gravitx: atzlooc. 0.945- 0.955 ‘

=

Ty s e g
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fropsch fatiy acids condongsed with hexantriol.

 ELAOL type.plasticigers ars manufactured at Levorkuson as well as
at ludvigshafon. Thoy are ostors panufactured from first-running Fischer

ELAOL 1 is made with first-running fatty acid, baving chain length

_0£03-0g. , o

ELAOL 2 has a fatty acid with choin length Og - Cg
ELAOL 12 has a fatty acid of Cg - Cj3 chain length

Operation

3400 kg. of first-running fatty acid and 1225 kg. of hexantriol
are charged into a stainless stesl re-action vessel with equipment for gas
heating and vacuum distillation with air sgitation. The temperature of the
mixture is heated for 8 hours at 190°C. The mixture of fatty acid and water,
are passed up through the connecting column to be condensed in the condenser’
and separated in e Florentine bottle, the fatty acid returning to the reactor
and the water being discarded. After about 12 hours the titer will have |
drogped to 1 and esterification is considered completed. The crude ester is
then cooled off and run into a § o geparating vessel with conical dbottom. -~ -
5 kg. of solid soda and 1 m® of water are then added. The water-ester mixture -
ig dissociated by centrifuging in liquid centrifuge turning 6000 r.p.m. B

ELAOL is then sent to a vecuum distillation unit, and after 20 lrg.
of active carbon are added, it is subjected to vacuum and agitated at 100°G;’j
far one hour. The mixture is then pumped through a Sperxry type filter and

stored _in drums .

‘Desavin at Leverkusen

. Process ~'

A

(Diphenoxydiethanol formal)

pheno:qydiethé.ﬁolformal is an ether made by reacting dichloracetal

"with sodium phenoxide according to the following equations:”’

~ C1CH, - CHZ0 ~om ;635o.cﬂz-cnz-o g

- CH, + Nabl
".C1lCHp ~ 0320-/ 7 CgHg0-CHp~CH 3" 2‘_,. o

:"Tﬁéﬁ',,ﬁigin',jifgacii”bﬁ ii,\é cai'riiedv;c?’ﬁp.fi'n '.ec.Iu'ipme‘nf‘: illustrated. in Print Hd.,fz."_.__"r,v'

420 kel phemol o
o358 gllcg.ﬁo%-c_apgtig soda v et

i

2




are socuretely weighed out and charged into the sutcolave, The resdiica is . blown cut with varm air, After 1 - 3 bours of air dlowing, the molten material
exotheraio, and the water formed is allowsd o evaporste. Afier ihe resMica : 1s transferred 1o & 7000 1iter nioksl-1ined neutralizing vessel. XNere 1§ XaOK
the apparatus is allowed %0 000l down 40 13890, and is Bald &t ihis Sespera- ; An the form of a 50% water solution is added and the mass is stirred ad I140%.
ture evealy for about 5 minmutes in oxrder to give & unifora umntm-thrcud:- : : = for 10 dours. The mixturs then should bave a DE adove 7. Ths alkaline - -
out the mass. 393 kg. of diohlorecetal are then filled into the measuring : ; tetrachloronaphthalens is nov coatinuslly washed vith hot water uatil the
containsr and pusped from the messuring container into the sutoolave ina ‘ ; washing water runs neutral, About 20 hours of washing will be required. The
which allows for refluring of the dichlorsoetal. The reastion is violently ;
exothormioc. The rate of reflux of diobloracetal is so sdjusted that the re- - Nolten tetrachloronsphtbalene is now drainsd into a 4000 liter
action mass tezperature does not exceed 135°0. If the tesperature should , agitated oil bath heated vacuum distillation unit, 10 kg. of Fullers Barth
start to rise, the flow of dichloracetal to the autoclave is shut off uatil ‘ 7 and 40 kg. of solid soda are added. The temperature is rsised via the oil
the tomperature again normalises, After 70 kg. of dichloracetal have flowed . -~ bath to 19090, snd & vacuum of 4 = 5 mm. Hg. applied. Distillation will
in, stean is applied to the autoclave hesting system, sufficient to ksep the i actually start at about 170°0. 4in ths tetrachloronaphthalene and at about
temperature of the mass at 13500, Jor about 10 mimtes the tezperature of 20000. in the oil bath. The apparatus is capadle of distilling 200 liters
the mass is closely watohed. Should no further riss in temperature be observed per hour, The distillation is considered complete as sqon as & yellow tinted
the dichloracetal is again slowly added, After ths entire quantity of di- , product begins to come over into the receiver. This bappens when the tetr-
chloracetal has been admitted, the steam is raised slightly until a tempera- naphthalene temperature in the evaporation kettle reaches 230C. The oil bath
ture of 16090. is reached. The reaction is complete when the temperature of : at the end of the distillation will have a temperature of 280°0. ZThe produst
the mass no longer exceeds the steam heating temperature. A test for reaction remaining undistilled in the distillation kettle is marketed as scrap.
progress is made by sampling 20 gms. of the reaction mass. To do this the 20 ’ , - :
!  gms. sample is stirred well with 500 ml. of water and titrated agalnst’a
‘- normal HpSO4. A solution of not more than 0.4 of ml., of normal HzS04 should
be required for titration, If ths batch is still too alkaline, it. is heated
for another two hours at 150°C. and again checked. When the reaction ies com-
.pleted by test, it is cooled off to 120°C. and placed in a vacuum distilla-
tion unit and distilled under 1 mm. Hg. The melting point of Desavin should
be 18 - 18,90C. The yield based on phenol is 87.4%. ‘ Tt

- Plasticizer N B
_(Tetrachloronaphthalense)

“~ "7 The chlorination—of naphthalene is carried on in a 8000 liter cast —
iron kettle equipped with an agitator, of Anchor type, turning 60 r.p.m. The ‘
"kettle is jacketed, the jacket capable of 4 atmospheres working pregsure. Two
chlorine inlet pipes are provided. C : ' —

6000 kg. naphthalene : '
‘.. 5% antimony metal (finely ground)

are charged into the kettle. ' The naphthalene is melted by raising the : SR

temperature to 80.-~ 909C. 120 - 200 kg. of chlorine are then introduced -~ - ~ ... . :

hourly. The temperature is slowly raised to 110°C. and after 8 hours to 1300C.. - -

- After 10 hours a melting point test is run on the mass. This test ig Ffepeated "+
“over 8 hours until a melting point of 4000, is.obtained. The teet 1s: then :

- carried out‘'every 4 hours. "The input of chlorine is determined by the melt

.. point. The melting point for tetrachloronaphthalene is 939C. ' The chl

wo - tien is usudl“.ly.éompletefd] ' ' O : :




0. Helscher

H. Kling

Tweinster

Assistant Di rector

Position

Assistant in charge of
plasticiszer plant

Director of plasticizer
laboratory

"

1.G. Farben A.G.
Ludwigebafen

* 1.G. Tarben A.G.

Ludwigshafen

1.G. Farben A.G.,
‘Leverkusen e
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Hame .

1.G. Farben, A.C.

1.6, Farben, A.G.

Location

e e i b 0

Ludwigshafen

Leverikusen




The following sazple was sent to Washington, D.C. Inguiries -
'hould.‘bg_addr....d,_to;_,_.__-“_,M_.,:..u e e e L s e e

Technical Industrial Intelligence Branch,
U.S. Department of Commerce, -
Washington 25, D.C.

MC No. 117. Plastomoll TAH (Diethylhepylthiodibutyrate), from
1.G6. Farbenindustrie, Ludwigshafen,
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o ine s ixing machine. in Gersany 31‘“&;,,;:.“ bide and
machine TEANY n oar

gm other r metallurgy products and ia reported as being
used. extensively. by pencil lead manufacturers and more or lesas
generully in. m'oeoauns cosmetic talo and to somé degree for .
fre o s lmoguers, paint p!.gnonts, silica flour, olay, G
ceramic: bo. mternls sul graphlte, chalk, rubber
waste, wbod meal, ngnite other nﬂ.nera s, pharmaceuticals,
and "all kinds of food xn-oducta.

FIAT Final Report No. 617 (p. 9) records lnboratory’ tosts
by a Dr. Ryschkewitsch at Degussa, Frankfurt/Main, employing a-
.non-revolving ball mill subjected.to vibration. Dr.. Ryschke-
witsch believed the method would be-sven more efficient on &,
large scale and that it had much commercial promise. It was -
_further_stated that, according to Dr. Ryschkewitsch, "this
method 1is unknom in Germany and has never been developed com-

r;mercially. The essential pri.nciple of this experimental mill,

however, is apparently 1dentical ‘with ‘that or the mill hérein
described. — . .

: Actually, the novel mciple of this mill 13 covered 'by
‘German and. foreign patents (taken out by I. G. ‘Farben) and the
mill has been on the market for about 10 years...Small units made
by the same manmufacturer were advertised and: sold in’ the: United"
States before the war for laboratory work but. the ‘Anvestigator is -

- not aware of ‘any mill of similar ‘type .belng employed: by American -
. mineral industries.  Inquiry among mining men and metallurgists.
"in Great Britain indicated that” :!.t ‘48 -not ‘generally kmown ln thab

country except perha.ps .’m the powder metallurgy ﬁ.eld. o

: U The mill :!.tself is'a’ cylindr or: semlcylindrical shell
’;.:of steel. or. por\.elain ‘partially filled with steel or. porcelain
grinding balls, .The balls-in-the sme.ller—mi 8- are 12~ An
_diameter but th 3 t )




tation ot the unbulanced shart, oombined with .the aoum
ot the . vibratos tho mil) at high speed. Iaboratory

sizeas operate sc 1480 r.g.n. " The motion corresponds exactly with

that od odsnnubuinsurocnummwmmo £ly-
mnrmﬂot—ﬂ:hr ~manufsctures—a-vibrating-soroon-using

unbahmd shart and a similar spring mponuon.

" The mill is known as Bomm?ﬁhh “VIBRATOK.” ~ It is masu~"

factured by Siebtechmik O.m.b.E., Bleichstrasse, 23, Mlheim-
Ruhr, which also manufactures a genersl line of soreening equip-
ment, centrifugal separators pumps. Information was fure
nished the writer and Dr,. Polilitzer (who sccompanicd him on the
v:.n.‘.t to the plant) by Dr. Wilhelm Sticker, Technical Director,
Dr. Ing. Robert Oldrich, consulting mﬁnoor. -Various cast~-
insa and machined parts are supplied by outside plants (probably
oontract work) and ‘screen cloth and plate are obtained from an .
8)1ied ocnoern so factory operaticns at the above addross are
prino!. assembling and testing. Export sales are handled by
a Duto rirn, Tema Telmischmaterial, Nassaulsan, 1, Ia Hague.

The noat popular size is the small laboratory mill of 0.3
liter capacity but larger mills up to 250 liters capacity are
made and sold. The largest size requires a 16 H.P, motor when
porcelain balls are the grinding media and a 20 H.P. motor when
steel balls are used. The volume of balls (12 nm. diameter) 1is
650 1iters in olther case. . Even on this large size, the rotation
spsed is high, 1,000 R.P.M. The camplete machine weighs around.
3,000 kg. and is ’11sted at RK 7,280, net F.0,B. works, without
motor. Capacities in all cases are given in net volume of
. material that can be charged at one time and so do not molude
volume of ball load which is muoh 1arger.

ITI. GRINDING ACTION

: The effect of the peculiar agitating mot:!.on character- .
istic of this mill is to cause. the balls to-dance up.and down’in
full teeter and to rotate, individually and also as & mass, . .
slowly around..the shell. = The action was demonstrated to this
investigator by_ resting a glass frult jar f£illed with marbles on
-the frame of a small mill. Although the relative movement:of. the
balls is- sl:lght i1s positive and no dead spots were observed
. at _any point.. i'he rapld beating action of the :

. another, combined with n'ict:l.on, :ls cla:lmed t
efficient means, of rednction .

Abo. L &-Lir.Tischmihle (l GeofoBe jo 1,5 Lre.,

Kisinste Betriebsmaschine oder gréBeres Labor Modelt.

'm-l.tr.wMuhle

{ahnlich Ahbo‘ldunq 3)

.| 125-Ltr.-Mobte o

lihnliﬁ Aledqngln 2v.d .

Abb. 2. '30-LirMoMe.
Kieine Betriobimatchine mit mels! owmn Mihlen-

trog.

Abb. 3 250- Lvr M.:hle
GrofBere Betriebsmaschine mitmeist guaim wh-h Mehian.
troq, auch lur konhnmerhchas Mahlen ool

le ;Vibratom” L

te - ing mit:
es lodam Bet b:ormbglldn, selbst
sten’ Mahlversuche durdlzumhun :Die
e B ”




vhich no other machips Will pulverise satisfactorily snd also
that tho economy is greater: that’ of "any other: process.”
Grinding may be either wet or ary. T i SR

oo POSBAD1Y -DY -TO8 800 - 0L -JANnguage handloaps the inwvi

f8iled to od quantitative o isons botweon opera
of this mill and other machin ddentical material.
However, ho was shown various soreen analyses and samples of
powders which substantiated tho claim that the nﬁo of partiocle
size of material at any atsge of reduction is small, Thooreti-
cally, the absence of excessive quantities of fine material which
nl cushion the impact of the balls on the materisl and the

orm quality of the product at all times should ocontribute to

ﬁroat efficiency. It was stated that on certain reductions the

Swing mill* saved 50 peroent of time and roughly the same per-
centage of power. Grinding granulated aluminum from 0.5 mm. to
powder (80 percent undenéne micron) took 22 hours in a 6-liter.
mill (about 4 kg. of material) operated by a 2 H.P. motor which
- probably consuméd actually only 1.2 H.P. -

Another ad&antage ia that screen- or air-sizing of the
product is unnecessary because there never are any particles
much larger than the average of the whole bateh.

The shape of ground particles tends to be flaky rather
than cubical or round--a factor -of- importance in the paint and
* greaphite industries and probably.also in the talc trade and

other special fields. - ~ C Lo

: :l;itthéx}to the mill has operated only on & batch basis but
. the manufacturers aie experimenting with continucus operationm -
which appears feasible. R

- Aveilable data on grinding aluminum and -certain other .
specified powders sre contained in an article contributed by
. Dr, Olbrich to a German trade Journal and reproduced as an
-~appendix to' this report. . - - B - o

\~

6, 1941, in

~ Tents prove boycnd doudbt the faot that even brittle and
: mfhir&’nw,wmohruauhh,w oan-in. most.cases be_ _Auo0sss~
¥y pulvorised in

vibrat mills. An effective pulveriszation’
45 achieved, howover, cnly with tho proper balls and frequontly
only by the assistance of suitable addition agents.

' _The good performance of the vibrating mills in the field of
gulvouuucn of nonmetallic materials made it necessary to

ook into the possibility as to adapting the vibrating mills for
pulverization of pure metals also.

The vibrating mill could hitherto successfully deal with -
the solution of diffiocult pulverization problems in numerous
industries. Comprehensive investigations relating to vibrating
mills have been conducted hitherto by Bachmann, Grtinder, Kiess~
kalt, and Meldau. . )

“Metal Pulverigation

. The pulverigzation of metals must be regarded as & new pro-
cesa_in"grinding technique and has experienced a considerable up-
swing in the last few years. Powder metal is being processed to-.
day for manifold purposes. The bronze and pyrotechnical indus-
tries are leading as main producers and consumers. .But also num=-
erous other applications, such as cemented carbides or high-speed
8teel industry, strive more and more to bring about the highest
possible degree of fineness.of the matrix metal or of the carbides
and of the various addition substances, prior to processing. To
reach this goal, cne is even willing to take into account. the.
umsually long duration of pulverization. : e

The question &s to how far the pulverization of the metal

powders will be carried out depends, of couras,. entirely upon ‘the.

ultimate use of the powder concerned. Thus, for example, &n inie
tial product serving for the manufacture of a cemented carbide 1s

he:.n%gu_lyf_‘:itied .for 75 hours in the vibrating mill of a cemented .
e ; in order to attain a grain fineness of-at—least—-90——— -

car )

percent below 4 miocrons. Since even a trace of iron is objection-
able in the finished samples, it is necessary to resort to porce-
lain balls’ without considering the higher abrasion of the pulver~
1zing medlium.. T e o ' o

1/ Iecture at a meeting of the Working Committee "Technigue of - -

=Prodi cj:%;;n:‘--of the VDI (Society of German Engineers), on May -

Drs-: T r and Herrn Dr. Meldau,

: 3 The tests were carried out in the Research - -
-Iaboratory. of 4pm;Siebtechnik, G.mibeH., :in 'g’un/Rnhr" S
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Table ). Loose weights with vidrating pumn
e m‘d‘ lnm loucu ﬂt

Grindtn: t‘"‘l"
* POT After Lttu- - ALber’

o Yoy - =S 3% " Y “mm‘

Aluminum

pulverization
Mvou'uth ’
poroelain balls, .4;40

Pulveriz with
steel ‘ba.’ﬁ.l.3 save

Pulverizing vd.th

steel balls and

grease and stear~

.ine addition ... 440

Silver-solder .
pulverization .

* Pulverizing with - - o
_porcelain'balla.‘v «8I5 - 2.5M8 @ 2.892

Pulverizing with’ o Lo '
atoel balla ssee 815 2.638  2.815

.In the above table, “the looae and cked weights o :
metal dust samples, removed after a der:lngze +time oghgringi:ge
have been enumerated. . It is worthy of note that.the metallic..
dusts, ‘in contrast to most minerals, increase in 1oose:|ieight
. with increasing fineness. Thus, for example, - the loose,

-~ O ~dust inoreased from 440 kg. per ltr. to 1.320 kg.. per 1
after a’ ding time of 10 hours by grinding with porcelain .

balls,: " sronsidering Al-dust produced with steel balls, the loose B

: weight 1s somewhat- after 10-hours. A decisive fa
~to be. the structure of the dust particles.’ The grain 3::11;1':%:?5» :
tion is more favorable with the spherical or cubicel form than

with th _1amellar fom.

The :loose weight" :m se. dux '
) we e ; %
-the meaterial to 2,98 oreased rrom

9 Al-dust pulvorized v_vibre.ting m:l.llﬁ 1th. steel balls and :

1. Al-grains of tbe material charged. -Magaifioation 110 x,. IR

reprodustion 4/B. -

: ”ms (om sed Al-foil) from the material ohu' m
tnc &pﬂ‘ic&um 110~z. reprodnotion

‘s, Ouxmhuon cwaoumuu of the Al attor pulnr:.ut!.on with
'.hu-dporoohinbalhotlzu. dnu

Initm size smaller than 2.0 mm. total pulvoridng
times hours. - Structure: granular: - The two amoo
rc\md.od ptrtiolu in the n!.ddlo of the picture are poroe
abrasion of the balls.

4. Ll-d.uat pulverizod with porcehin balls, 4in polished section.
Pulverizing time: 10 hours. Structure: . gramular. The two
smoothly rounded putio;oa in the middle the ploture are

poroohin particles.

5. Granulation characteristics of Al after pulv'oriution with
. ;_80:,1 balls of 12 mm. in diameter. Total pulverizins time:
ours.

6. Al-dust with predom:!.nating leaf-11ke atructuro after 10 houra.
1’ollshed ‘under on. s ]

Gramlation characteristics ‘of Al after pulverizat;ion ':.th
_steel balls ‘of 12 mm. in diameter- under addition ot grease and

atea.r.’me. !l.'ime: J.Ohra.,

8. ccmbined grapha of ‘the gra.nulation characteristics of Illus- .

trations 3, 5, and 7 after 10 hours. ‘ Initial material smaller
thﬂn 2.0 mie - , ) : )

. Material Charged

Pulverued with poreelain balla.
: II: ateel balls.'

and addition agent.

add:lti

.




13, Oranular Al-dust prior to vidbreting pulverization.

14. Al-dust converted in vibrating mill into lsmellar atructure
by groease and stearine addition. -

15. Oranulation charactoristios of silver solder after pulveriza-
tion in . tho vibra mi1) with hard poroelain balls of 12 e |
zm. in diamoter. Initial material smaller than .5 mm. Time: . N
. - - l. Al-grains of tho material

10 hours. a - AN
i . . LY chargod., MXagnification 110 x,

16._Oranulation charactoriatios of silver solder after pulveriza- reproduction 4/5.
tion in the vibrating mill with stool balls of 12 mm, in ‘
diamcter. Initial material smaller than .5 mm.; timed J
hours. .

17. Combined graph of tho granulation characteristics of the
silver solder from Illustrations 15 and 16 after a time of
pulverization of 1 to $ hours. Initial material below .5 mm.

2. Al-grains (compressed Al-foil)

.. from the material charged, in
polished section. Magnification
110 x, reproduction 4/6.

3. Granulation cheracteristics of
the Al after pulverization with
hard porcelain balls of 12 mm. in
diameter. Initiel grain size
smaller than 2,0 mm.; total pul-
verizing time: 10 hours. . Struc-
ture: granular. The two smoothly -
rounded particles in the middle of
the picture are porcelesin abrasion

o of the balla. v ‘

4. Al-dust: pulverized with porce-
lain balls, in polished section.
~ A Pulverizing time: ‘10 hours.
2 Structure: granular. The two .
: | smoothly rounded particles in the
‘middle .of the picture| are porce-
lain particles. L




ES

8. Gramulation characteristios A S ’ 9. Al-dust pulverized in vibrat-
of Al after pulverization with . S igg nill with ateol bdalls and
steol balls of 12 mm. in AR > ition of groase and stearine,
diamotor. Total pulverizing - for 8 hours.

times 10 hours, : T ) . o

10. Iemellar Al-dust, pulverized
. : in vidbreating mill with addition
6. Al-dust with predominating hE - . of grease and stearine, for
leaf~11ike ‘structure after . - L2 T 5 hours.
10 hours. Polished under oil. .

) 11. Al-dust with partly granular
. . . . . . structure. Time: 8 hours, with
7. Granulation characteristics - O 3752, ‘@t 8light grease and stearine addi-
of Al after pulverization with ' 7 . = tion. v
steel balls of 12 mm. in dia- . ce ) : _ i .
meter under addition of grease
and stearine. Time: 10 hours.

.8 Comblnodlgraphs of the granu-
! lation characteristics of Illus- : ~ 0 . Yoye, s o = _ - :
1 1 i kg e trations 3, 5, and 7 after 10 - ) B T v 12. Al-dust with predominate

A A qidegut

T A S0 asgets groasiar
\ 'AISMA’h.leuU/ a7
. '

hours, - Initial material smalle . . : L ) lamellar structure. Time:
R rorial charged. o _ -- - IS 10 hours, with addition of
. I3 Pulverized with porcelain . .} . . grease and stearine. ™
balls, . = -~ ) ' : - '
Z]!:Zﬁ Pulverized with steel balls.
" and addition agent. S




16. Oranulation oharacteristios
of silver solder after pulveri-
gation of the. vibrhting mill
with steel balls of 128 mm. in
dlamotor. Initial material
spaller than .05 mm.; times

S hours.

17. Combined graph of the
granulation characteristics
of the silver solder from
Illustrations 15 and 16
after 1 to 3 hours. Initial
[ | .material below .5 mm. ,

7 noch 1k Hotiomer—— Torid :
o | afteripulvert
/L . ‘ mg n_lil‘l
1ain ball

2 _
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- e Nalhias Pier of I. G. Yarbeaindustrie AG., M‘M.ﬂ/mn.

in the Divisien of Nigh Pressure Ressarch at Heidelderg was requested -

S prepare a directery er register of nen-I. G. Fardenindustrie chemi-

::1 plante ia Germany. The fellowing is the repert furnighed Yy Dr.
e :

‘The I. G. Wnﬂustrio A.G. vas not included becsuse its organi~
satien, looation ef plaats, and preducts preduced dy each plant, has
been adequately covered dy other reports already issued or in prepar-
atien, T . .

. Zrem ebservations made through the use of this document to date, it
ppears that is is satisfactorily complete. Of course, it is intended
for use in the field of industrial chemistry and, consequently, may
‘net include all new German war plants = for instance, in the field of
oerdnance items such as high explosives, propellants, and war gases.

?"o of the report dealing with the source of infermation and the
o the numbering system has been translated. Since the remainder
. of the repers is concerned with names of plants, and towns in which
‘they are located, no further translation is needed, o

The
key




sach felgenden Quallen:

Eeadpoh 4o mzupuuochttu 1939
Mitgliedarverseiohniesen dos Vereins deutecher Chemiksr
der dentechen Dunsengesellschaft
(1931-1988) der deutschen Gesellschaft f.technische

Thyeik

Kandbmoh der Interaat. Petreleumintustrie 1938/39
Deutsches Relchsalresstuoh £, Industrie, Gewerbde und Handel 1941
Die chemischs Iadnustrie im deutschen Reich 1939/40,

Die Fwmmera im Anschluss an die nnon goben die jeveiligen Ar-
deisagediete an und dedeutens

1 eeees Grrnichemikalien (Schwer-u.Feinchemikalien)
3. Pharmaseutische Erzeugnisse
essvs Pflangensohuts-, Schidlingsbekiapfunge-, Desinfektions-
und Xengervierungmittel
ecece Atherische 8le, Riechstoffe und Nssenszen
seecece Kixperpflogemittel, Seifen und Waschmittel
sscee Tarben, Fardsteffe und Farbwaren .
eec-. Lacke, Firnigse, Polituren, Beigen, Trockemmittel
-seece Chemische Herstellung von Fasern
seces KunstetefLe
- Gamxi und Gummivaren
Chemische Erzeugnisse fir phntoguph.i.ucho Zwecke
‘Dinge-und Futtermittel
Minerallle und Minsral8lprodukte .
Kraftsteffe und Schmiermittel
Sprengstoffe, Schiesspulver, Zindmittel, pyrotechnische
Trzeugnisse
 Leilm, Kledestoffe, Kitte, Gelatine, Appreturen, Gerb-
stoffe, Gerberei-, Textil- und Druckerei-Hilfsstoffe
Tierische und pfianilichie Fette un und Ole, w..ch-e. Wache-
-und Stearinwaren
Reinigungs-, Puts, Po].iez\-. Schleif. Oberfllichenbehand~
' lungsmittel
sece. Asphalt, Dac!pqpe. Isolier- und Schutzmittel
eeces Asdast und Asbest-Brzeugnisse, Whrme- und mte-chntz. v
Schall~ und lr-ch&ttérnngo—lloliermittel -
"eeese Harze, Peche, Teer - , v
ssese Sonstige Erzeugnisse, '

'




ERICTIR OF OEMGOAL FLANTR

(Trahalasien of preceding page)

Agoording to the fellowing sources:

Handbeek of the Jeint-stock companies 1939
Register of the memders of the Seclety of German Chemists
(1932 ¢o 1933) 50! the German Bunsen Seciety
of the German Seclety for Technical Physios
_Handdeek of the International Petreleum Industry 1928/39
German Reichs address directer for Industry, Trade and Commerce, 1941

The Ohemical Industry in Germany, 1939/40

The mumbers dehind the names ¢f the firms indicate the rupoéun spheres
of work and mean:

eces fundamental chemicals (heavy and fine chemicals)

e++« pPharmaceutical produocts
Plant protectien agents, agente fer spreading ef insecticides,
disinfectants, and preservatives
ethereal oils, odorifercus sudbstances, and essences
Physical culture agents, soaps, and washing agents
Pigneats, dyestuffs, and dyeing materials or paints
lacquers, varnishes, polishes, mordants, drying agents
chemical preduction ef fidres . ’
synthetic substances -
rabber and rudber goods . _
chemical products for photographic purposes
fertiligers and feeds
mineral oils and mineral eil preducts
fuels and ludricants ‘ . :
explosives, gunpewder, fuse agents, pyrotechnical products ]
glue, adhesive substances, puttiss, gelatin, finishes, tannins,
and tannery-, textile-, and printing-suxiliary substances :

»o+ animal and vegstable fate and oils, waxes, Wax- and stearin-geods -
« detergents, cleaning agents, polishing-agents, abrasives, surface

treatment agents o ‘ . : ot
asphalt, roofing paper, insulation agents and preventives

se. asbestos and asbestos prodnots, heat and cold protectien,

- 'sound insulating materials and shock insulating materials
‘ess resins, pitches,| tar e e ' o
oo+ other products - '

1
3
3.
4
]
6
.7
8
)




Iaxasiahnis_ okamisobex Padxikes

dassikanisohe Jaast
Aschaffenbarg, Aschaffeadurger Zellsteffwerke A.G.

Chenisohe Fadrik S5ildermaxa
Chenische Fadrik Ffersee G.m.b.H, 18

OChem. Fharsaseut. A.G. 3

Merck, Ohes, Fabrik 1,3,3,2
2im & Haas G.m DK, 8.’.’.16

Chemische Werke Odin G.m.d.K. - 5
« Ohem, Weorke Bteens & Oo, G.m.DH, ~ 11,18

Deutsche Oelluleid-Fabrik AsG. 9
‘Seller & Gmelin - 13,18,20

Chem, Fabrik Rrgelding A.G. 9
Chem. Fabrik Flirsheim A.G. _ 3,3,13a

Andreae-Neris Zahn A.G. ' T B
m“ . 1.3.6,
lnrgl, Ges.f.Varmetechn.m.bd.H, - 13,13a
Metallgesellschaft A.G. - = 1,17
Ners & 000. ‘Cheme h‘brﬁ: . |

Odisalla ‘OG.. Tabrik f.chem +pharm,

Vial & Uhlmann, Fabrik oh-n.phu-l.
mf.o

. O.ppingon | Chem, .'hbru: -Gentner, n;:u-v.m
Hansu ,. o Ecmo-o.l.'b.!. . ,
Heidelberg . Deutache Bergln 4.0. r8r Kollkmlrolyu "
,!ouM Knorr' -- - N 7
- Heufeld | nqor A.G. . eh-. h‘brihto

. Blllri.o‘dnh-cuth. ncktrochcn Vorko Minchen A.G.
- Ges. ‘L. Id.mlu nnuchnon A.G..
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~ Oberlahmstein

Stastgart -

Zerddayer. Farden-u,Nineralvarke
l‘zuluuhn A0,
Mideutsche Sellwelle A.0.

Xlektreohss, Fadrik Dr. Brandendurg
& 'm Gem, b, . H,

Mhringer & Sehne

Ohem. Fadrik Veyl
Rhein.Gusniu, Oelluleidfadrik
Sanlich$ Gesellschaft
Kalichemie A.G. 'ohlcolmn
Zellsteffadrik Valdhet

Chem. Yadrik Marktredwits A.G.

Baysrische Stickstoffwerke A.G.
oh-o Yabrik Ir. G. Redisch K.G.
Chem, Fadrik Iyma A.G.

m '.rk. Otte Blrlooh.r Gc-oboao
Diamalé A.G.

_laitpeld Werk, Chem.phara. Fabrik
Yord.ni.‘to noi.eh.rdotabrikon L.G.v :

Chem. Vu-ko Breckimes A.G.

‘Rhein. Westf. Sprengstoff A.G.
" Sandeg A.G.

EE-‘E

"7 ".Tlesclwerke A.G. fir Gerdstoff-Yabri-
kation und chemische Produkte

WOutueb/Mn nu. Xeopp & Co., Chem. rm-u: AGy

Iu-work L.G. rubrik clun
Priparate
Voroinigto Hnlzvorsuckemngs 4G,

!tsm!mc

- Vcroin‘to Ultmnrinrubuken A.G. -

‘ Bnbort Bosch Gem.b.H,
. Knet & Ehinger G.n.b.ﬂ.. Drnckru-
bontabrik

- hrﬁlofko Schroeder & Stadelmann A.G..

2

1,6
1,13,13,13
8

16,31

3
1,13a

9,10

4,5,17 :
1,3,3,6,10,13
1,5,13,16

1,2,3,6
12

3

3 .
1,5,14,15,17
15

2

1,13

6,21

14

3

6

16,16

T1,15,21°

13,21




Tk Moi.d.orich :

daarikanlische Xeas:
. BYudsgere

0ffentl .Cham,u.baks . Lader, Solmiedel
& Jodress

ltqlo 4 Co., Fardeafadrikea G.m.d.H.

9844, Xalkstioksteffwerke A.G.
Murtob;ik Freudenderg

Chem. Lader Fresenius

Jerdan & Cs., K.G., Lackfabrik
Siemens Flania Grsphit-Anoden

Aaschener Oh-.vcrko !.!oxulindutrio
G.l.b.ﬂ.

H., Stodick & Go. A.G. _

Boiuolnrbud.
Bergban 4.6, -

* Chemische Indnlngie AGe

Botfrop/foltt.
Brackwede
Braunschweig

. vcutr'op-na_n:.el
Celle

’ Dortn.ml '

Asta A.G., Chemische Fabrik "

Chenische Fabrik, Elgenblittel G.m.‘b.E.
Chininfabrik Buchler & Oo. v

 Gewerksohaft Viktor

Chr, Eontnnnb-Stoinborg'ccho l‘a.rben-
fabriken A

Goull-chaft ﬁlr Kohlontechnik G.m.‘b.H.'
" HoescheA.G., L'bt.Kokorohnlagen :

"Eouch-Ben:in G.n.b.ﬂ

' Dul sturg-

- 'Aktiong“.f. St einhohl overed.olung-und.

Vornﬁuigu:ng

: Guoll-chnf.t fr Toeﬁewertnng

1.31

13a

12,13,12a
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A B.B ? R A 0"!

!hooo various reports are on work done in I'G.rlrbanindustrio
in 1942 and 1945.  They inolude studies on co~polymers and

_Wingrodicnta tor oo-polynwwwwwti

FOREWORD

This is a translation prepared in London from German documents
evacuated in the early stages of Technical Industrial Intelli-.
gence operatioms. The selection of reports for translation
was made by Sherlock Swann and N.M.Elias, The abstract was
prepared in the office of the Chemicals Unit, Induatry Branch,
Field Information Agency, meohnioal.

’

AUTHORS

Dr. Iolz,wnr. Beeker and Dr. Wiesemann of I.G Farbenindustrie, o
- Leverkusen. : : _ ,




“Dr. Wols

1. The ocontinuous and diooontinnona Polynoriaa-
. tion of Buna M
2. The continuous Polymerization of Buna 8§ and
Buna 88, Acid
3. Repl&oament of Ester~amine by Ether-amines
.in the Acid Polymerigation
4. The discontinuous Polymerization of Buna S
free from Linseed 0il
Se Perbunan Polymerization-with Acrylo—~-
nitrile from the VC Plant
6. Purification of Nitrile from the VC Plant
by Chlorination
7. The mixed Butadiene-acrylonitrile Polymeriza-
‘tion with extremely strong Activation
8, The Preparation of-Benzene Resistant mixed
Polymerisates from Butadiene, Acrylo-
- nitrile and Fumaric Acid Di-nitrile . ’
9. Improvements of certain Qualities of Poly-.
' styrene by co-polymerization with Fumario ’
Acid Di-nitrile p
10. ~ Investigations of Latex by the Ultra Centri- *
fuge and the Electronic Microscope ' -
S, Preparation of Plasticizers for Oellulose , :
: : - Tri-esters’ , ‘ 7 :
- High Pressure Polymerization : T -—«9%"—«———
. Iron Salts as Degradation Catalysts L o ‘ 11 : v




.’“Daﬂnc thohltyoutbo t&uwm‘a problin were. hfnnti-
gRted: . -

‘ The Buns M types acquire greater importance decause of the
observation of various Puna testing depsrtments that scme duta-
‘diene~-methacrylic aocid methyl ester-qo-polynerisates possessed

od adhesiveness by themselves besides outstanding physical

st values. 1?0 obtain the optimum conditions I performed a
series of discontinuous experiments bdefere working out a pro=-
cess for the continuous preparation of Buna M. These initial
investigations were concerned with the two _types Buna M 25
(butadiene : methacrylic acid methyl ester = 75 : 25) and Buna
N=-32 (bdutadiene : methsorylio acid methyl ester = 68 3 32)..
It oould be confirmed that the activation of the Buna M-poly=-
merisation was oatalysed by triethanolamine, which was discovered -
by Ludwigshafen.  To olarify the question of the Emulsifier I '
polymerigsed in a Nekal BX tr. mepasine—sulfonate - and mersolate
H « emulsion, and the various emulsifiers showed no noteworthy
differences regarding the velocity of polymerisation, = Qualita-
tively the polymerisate obtained with Nekal BX tr. emulsion
showed the best appearance; it had good adhesiveness and
reached the top performances of Buna S at tire tests.  The pPro- -
duot obtained with mepasine-sulfonate.approached the quality of

- . the pelymerisate from Nekal BX tr. Ite tire qualities, how-

- ever, were deficient by reason of its inferior adhesiveness. -
Compared with these two polymerisates the product from mersolate .
" H was somewhgtminterigr{bl el e e et Do L T e T e

. The continuous irial was made for ithe sbove ressons with the -
emulsifier Nekal BX tr. and mepasine sulfate. With a time- =

- space-yleld 10- Gfa;smoothqu~qurizgtionea%produotnwnp,-,_- '

. ‘obtained, which was equal in its rubber gualitiees to the . -

material produced discontinmously, but lacked much indeed in .

‘ aﬂheaiieneasa-;»Ihg-working_up,o:wtho;lgtdx,onwjhe;

¢ band machine encountere




tinuous process. Polymerisation proceeded smoothly with or
without linoleio aoid} at temperatures of 38-42° with a
sulfuric acid ester-amine solution a timespace iield of 8,5

was obtained, The polymerisates produced in the presence of
linoleio aoid showed oxcellent rubber teohnological test values
and were easily workable; the results of tire trials were only
partly satisfactory by reason of the inferior adhesiveness of
the produots. The polymerisates obtained in the absence of
linoleioc acid were quite workable, but their rudbder-technolo-
glcal test values were somewhat poorer than the polymerisates
containing linoleic acid. Por the present only the linoleic
acid oontaining polymerisates could be worked up on the conveyor
band., The pipe lines, which were "phenetalized" as a protection
against corrosion by sulfuric aoid were unaltered after a work-

ing period of 7 weeks. :
3. Replacement of Egter-amine b Ethér-amine as Acid

For the polymerization in emulsion _in acid medium-until
~ now the ester-amine was used, an esterification product of a
definite fraction of aliphatic fatty acids and diethylamino-
ethanol. The effectiveness of the ester-amine as emulgator
depends strongly on the constitution of the fatty acid, and it
is to be supposed that it will be difficult to secure a paraffin
fatty acid of constant. quality. For—that reason—the-so=~ocalied
ether-amines were investigated for their suitability as sub~ -
stitutes of ester-amines in the acid emulsion polymerization;
they are synthesized by the hydration of the addition compounds
of higher alcohols and acrylonitrile, The preparation of the
ether-amines was performed.by.Dr, Koenig, (A..Iabor,) in ' -
alkaline medium and the oata ytic hydration of the alkoxynitrile = _
thus obtained in presence of Raney-nickel (Dr. Wegner, A. Labor.).
Of the amines investigated, decyl—oxypropylamine, nonypropylamine,
ootyl—oxypropylamine, and Leuna—cec1b-a1koxy~propy1amine-can re-~
Place the ester-amine in HC1 as well as in H5S0, emulsion; . . __
~vethyl-hexyl—oxypropylamine, however, could be used in HC1 emulsion
" only and s satisfactory polymerization obtained only when used as
in double quantity. Qualitatively the prolymerisates prepared
with ether-amines were equivalent to—those—of—t]
products, - ‘ . '

L

‘4., The discontinuous Pol erization of Buna’slffeézfrom, o

!

. I have already stated (report of 29th July 1940) that
Buna- S polymerization can be,carried out with emulsifiers free
‘ ,from linoleic acid in - the presence of a regulator. - “The .

necessity of chenging the Buna S manufacjure,*due to the

soaxoity of linsood 011{ to @ charge free from linoleioc aoid

nade furthex 1nvoqt1¢at ons in thig direotion neceasary.

Vhereas others investigated the polynexisation without
linoleio moid chiefly for the velooity of polymerisstion, I
studied the question whether, and how far, the quality of the
polymerisate in the abscnoe of linolefc acid and with the
lddzzion of & regulator was dependant on the nature of the
exulsifier. Polymerisates of practiosally equal gquality were
obtained in the Buna S polymerisation in the prasence of linoleio
aoid, with Nekal BX tr. as well as Nekal BXa., But NHeksl tr.
fave distinotly better products than Nekal BXG in the absence of

inoleic acid, Apparently the regulating effaot of the di-
proxide in Nekal BX tr. manifests itself better than in Nekal

BXG. .

It appearecd to bde more advantageous to add the paraffin
fatty aocid as its sodium salt to the emulsifier, so as to
utilise the emulsifying power of the sodium salt for the poly-
nerigation, moreover it was necessary to add to the Buna §
free of linoleio acid, some iron fatty acid salt as a degrad-
ing catalyst. The irom nogessary for the degradatiom could be
added to the polymorigate during the working up,

Contrary to linoleic acid the fatty acid docs not aot as a
retardant in Nekal BX@ but even 8lightly as an accelerator on

the polymerigation velooity. With Nekel BX tr. polymerisa-

tion is more strongly activated by fatty acid than with linoleic
acid, With 0.5%¢ paraffin fatty aoid added a perfect progress

of ploymerization can be achieved and after addition of iron a

good degradation is achived. <

., -The difficulties arising with latex free from linoleic .
acid or erucic acid could be eliminasted by the addition of CaClo
to the brine or by precipitation with pure CaCls solution, ‘' '

"Triéiévfor repla;;ﬁeht of linoleic acid by erucic-acid, the

. fatty acid from corn germs or mixtures of corn germ acid-

linoleic-acid showed that the mixture corn germ-linseed acid--—

can fully replace linoleis acid; with eorn germ-ocolga-acid .

about the same results were achieved as with paraffin fatty acid.
5. ?erbunan'Ppl' erigation with Acr Iohitrile from the VC Plang.

-:The*acrylon$trilé produced 1n the-YC'p1ant géveionly oross-

‘linkedlpblymeriaateb-of;good working up qualities, but of - ,
- extremely bad tear. . Model experiments  on the influence of e

impurities in the acrylonitrile, like acetaldehyde and di-

_vinyl-acetylene showed ‘that a content of gven;052% acqta1dehyd9 Ll




or 0.5% di-vinyl-acetylene resulted in a strongly stiffened

olyndrioato.n’!ho log latent period of the V0 nitrile could
go eliminated by the addition of sotivating cataysts or gg die~
"~ tillation of the niirile over sodium hydrosulfite, 7The
velociti of polymerisation, onoe started, could be reduced by
the addition of a small quantity of aniline,

Purther, a range of experiments for polymerigation were
made with samples of acrylonitrile purified in various T Weys.
Only those samples of nitrile 23/0 and 230D, prepared by Dr.
Heinen, and the V(¢ nitrile, which was fractionated in the Rd
plant until it gave a negative Ho804 test, were useful.

1-acetylenes from the VC-nitrile

The acrylonitrile from the VC plant always contains a vary-
ing amount of di-vinyl-acetylene, which causes a stiffening of
the polymerisate, which camnot be removed by increased storage.
‘As-the di-vinyl-acetyleneadds ehlorine very easily, whereas -
acrylonitrile is very resistant against halogens, chlorination
of di-vinyl-acetylene so as to make possible its elmination
from the VC-nitrile by distillation was tried. )

: It is possible, indeed, to achiéve;an—effedtivé;purifica-
-tion of the di-vinyl-acetylene containing acrylonitrile by
- treatment with chlorine. The acrylonitrile distilled off

from the chlorinated di—vinyl-acetylene»gave'with butadiene mixed
polymerisates, which did not quite reach the quality . of the pro-

ducts prepared from acrylonitrile=Lu, when they were polymerised
to about 80#%; when.-however Polymeriged up to 70-75%, or in ad-

mixture with acrylonitrileeLu, suitable perbunans were obtained,

The mixed Butadiene-aer 1itr merization with

It is  possible to reach a normal polymerization veloecity
at relatively low temperatures by oatalyzing the activation of .
the polymerization of vinyl compounds as well as-of-the mixed
polymerization of dlenes with vinyl compounds. S

"In the polymerization of 71ny1’¢ompouﬁdé'reaéonsifdr"the
limitation of the lower temperatures of poljmerization can
scarcely be found. Conditions are different with mixed poly-

- merizations of dienes with'vinyl-comppund85'uThe~following ex-

~ planation can .be given for the course_Of;euch@polqu;izations,"L

baéed"onuthe_obaervation thaet the activation of the mixed Poly-
merization prodeeds.via;the‘vinyl compound: - = . g -

-

In the first instance the vinyl ocmpound is activated b
the aotivator (persulfate). The direot aotivation of the
diene by persulfate is of minor importance for the soccomplish~-

ment of the mixed polymerisation. The activation of the diene

is initiated by the activated vinyl oompound, whioch makes the
diene receptive at the given temperature, Whereas, therefore,
the vinyl compoungd,when catalysed suitadly, can bde ocatalyszed at
comparatively low temperatures, the scotivation of the diene,
whioh would {ead to & normal mixed rolymerisate, cocurs onli at
higher temperatures; the oatalytioc activation works primari y
on the vinyl compound, If the temperature is too low to
aotivate the diene usually the vinyl oompound only will poly-
merise, whereas the diene will enter the mixed polymerisate in
& mch lesser amount than corresponds to the quantity of it
which i8s present. To achieve a far-going mixed polymerisation
it is necessary not to understep a definite temperature at a

definite activation.
cbrreeponding experiments with perbunan and Perbunan extra

"M*_____haa_oonfirmed~the—validity~of“theae considerations, If the

activation of these polymerisations is catalyzed by the addition
of 0.5% triethanolamine or diethylamine a strong pre-polymeriza-
tion of the acrylonitrile starte with a batch of perbunan even
at 280, and with perbunan extra even at temperatures below 200,
leading to the formation of considerable quantities of material
which separates out. _ ‘ .

- The addition of a regulator under these conditions of
Polymerigation prevents the oocurrence of increesing pre-~

. polymerization of the aorylonitrile in perbunan, whereas they -
- favor it with perbunan extra. ' o S

"_‘1TheAcatalysis of the activation of the butadiene;acrylo-

nitrile mixed Polymerigation and the lowering of the polymeri-

zation temperature conmnected with it can therefore be performed
only within definite limits. " )

8.  The Preparation of Bonsene Resistant mixed Pol-ﬂeriaatea
trom Butadiene, Acrylen : fumaric_2old PI-nitrils

. Since acrylonitrile bestows an improved resistance against
bengene, ‘when added to the mixed polymerisates with butadiene, .

- as_compared with the mixed polymerisates containing styreme, it

was ‘to bé expected that the mixed polymerization of butadiene-

‘with. fumariec acid di-nitrile woumild lead to products. of further
o improved“benzene*stabilityo. »Unfortunately-these,mixed.poly—

" . merizations yielded only hard products, which lacked every .
.. character of rubber. iny;by_miked<polymeriﬁationﬁin:the' o
" presenceé of a second vinylvcomponqnt,.likQ acry1Qp1t:i1e3‘could'\-

)




rubber~like products be obtained, which showed good ufaoturing
quality and real improved resistance lgainat bensene (svelling in
bensene after 48 hours at 500 70x). he production of a larger

" quantity of thie mixed polymerisate for further inveotigations had

to be renounced, as the preparation of the fumaric acid di-
nitrile met with difficulties.

Purther experiments were oarried out to replace the fumario
acid di-nitrile by the chloro~fumario acid di-nitrile, prepared
by Dr. Bollweg for the mixed polymerization just desorided.

It was shown that chloro-fumaric acid di-nitrile could- only
partly replace the fumaric aoid di-nitrile.,

Polymerigzation proceeded satisfactorily only when treahli
distilled ohlorofumaric a0id-Adi-nitrile was used, and the swell-
ing in benzene with polymerisates tested so far was always
10~-20% worse. The fina{mestimation of these mixed polymerisates
is still pending.

In the co-polymerigation of styrene with fumaric acid di-
nitrile the softening point of the pPolystyrene was increased,
and. the stabllity of the polystyrene film ageinst chemicals and
- temperature was essentially improved. The hardness of the
- polystyrene (1019 8ccording to Vicat) which was too low for

various application purposes, could be incres

merization of 20% fumaric acid di-nitrile to 1309, with 35%—

fumarievacid»di-nitrile'to 1659, The co-polymer containing
20% fumaric acid di-nitrile forms more brittls films than poly-
8tyrene; they are distinguished, however, by a special re-
sistance against acids and alkalis and boiling water, and remain
hard even at 1500, fThe continuation of the investigation into
these'co~polymers had to. be stopped because of the lack of -
starting material. T ’ . - '

ation of latex b the Ultra Centrifuge and the
Electronic ‘ oint w ]

_;;_;__;“mm rs Sybertz.”

After having reaehed_the'first.goal.of.theSe'investi-, v
gations, the estimation of the dimension.of the latex particles’
~and the-distribution_cnrvefcharacteristic of the various Buna
latices, we tried to determine the relations between dimension...

 _df'partic1es,puilt;up, and quality of the pplymerisate;j’ a
S Cdnnécted‘with'the’ihveétigations on fractional éreaﬁingnj'
we'werevable,.by»investigating‘the_cream’and serum with the
L TR LSO O IR o A\ _ '

i
oo
A

ultra-oentrifuge and the eleotronic mioroscope, to show con-

clusively that in the fraotional creaming the iarso latex
artioles went into-the oream, the onall ones into the serum,

gy comparing the distridbution ourves of the sera it was Ya
possidble to arrive at comparabdle relationships in latex
fraotionation. Besides, the eleotron-microscopic -piotures

of the oream and sorum latioces oxplained the mode of operation.

at the oreaming operation,

A8 the dimension of the latex particles stands in a
definite relation to the quality of the polymerisates, which
shows itself distinotly in the fractional creaming, the quality
of the polymerisate can be predioted from the distribution
gurve of a latex as obtained b{ means of the ultra centrifuge.
It 18 not yet possidle to establish detailed differences with
this methoi. It 18, however, quite possible that the usefulness

of the ultra cenirifuge will be increased.

We could distinctly ascertain differences _in the structure
of-the particles by investigating the latex with the electronic
nioroscope, ¥hereas, for instance the latex of non-regulated
perbunan-extra consisted of small compact particles, the
corresponding regulated latex containea considexably larger:
particles, which were built-up less densely, Clear models
could be developed from these investigations regarding structure

of the latex particles,

Further by the investigation into the latex with the
electronic microscope the velidity of the law of Wintgen could -
be examined regarding the dependence of the dimension of the
particles on the quantity of the emulsifier; we establighed

-1in sccordance with Prof, Wintgen, that the magnitude of the .
‘latex particles is inversely proporticnal to the quantity - of

emulsifier, Contrary to Wintgen we had to state that the .
ratio. of the phages, too, with constant .quantity of emulsifier,_*

-had an important influence on the magnitude of the particles,

This influence -of the phase ratio. on the magnitude of the
particles shows g reverse trend in the Polystyrene polymerizg- o
tion &s compared with the perbunan-extra polymerigation, -- R

:11.' Preparation of Plaéticizers‘for:Cellulose Iri-esters. . .

Inveétigafions'info_the development ofjplaStipizers for

‘cellulose“tri-esters_led to the statement that compounds cone

taining chlorine are especially good gelatinizing and softening =
means for cellulose tri-esters if they still contain one free o

 OH group, As the chlorinated softeners mostly decompose at
--the -high temperature needed for the manufacture of spray o
_ ’molde@»articles,_the{preparation,ot;ohlorine free‘plastiéizers

e




containing OH groups, was investigated, which, too, have good
5:1‘t1n1:fn pg:erptor cellulope tri-esters, Of the pr buotn
80 far dovogopcd the best proved to be tho plastiocisers o Id
tained by the interaoction of dimethyl catersbg phthalio ag d
with 1,4 or 1,3 butandiol. At the request of the varnio ant

lastice tost department, larger samples have already been sen
go Troisdorf and Ludwigshafen for testing. Aocordinf to .
Troisdorf these products are good golatinizers for ccllulose-tri-
enters with which outatanding clear spray mold articles can bes
produced with good eleotrio gqualities. The opinion of Ludwigs-
hafen of these plastioizers has not yet come in.

TO:1~ Dir. Dr, Konrad
in/house.

9tﬁ January, 1942,

HIGH PRESSURE POLYMERIZATION,

Dr. Holsriohter informs me that much seems to be expected
from the high pressure polymerization for rubdbber in respect to
space and time saving. H. gave me the requisite details.

If one compares these experiments with the polymerisation ex- .
Periments in the continuous flow Dipe which we carried out
about nine months ago, it will be found that these experiments,
which were carried out at a pressure of approximately 20 atl
maximum, exceeded the high pressure polymerization even in its
present stage. With a phase proportion of 1:1.8 the space and

~time yleld 1s 150~250 kg/obm. effective. With a phase pro-

portion of 1:1.2, as is technically used, one obtains a spaoce
and time yield of 250-350 kg/ctm. We obtained these high thrue -
puts by using a combination of iron vanadate-and persulfate and
by charging with ester-amine. These space and time yields can,
without a doubt,-be considerably increased. We, however, in-
terrupted the experiments at that time because the apparatus was
too primitive to allow a (Durchfeilung) of the product. The new
coniinnons apparatus should be at our disp9eal in sbout three
weeks, S . - e
The experiments at that time were demomstrited to Dr. Klein,
Dr., Meis and Dr, Holsrichter and the results surprised them very
much. The resistance (Festigkeit) figures were lower than -
those of the present day Buna 8, but it is our endeavour to »
bring these to a high level. Such rolymerisates became interest-

.ing after trials at Hiils, because they ocan be mixed with Buna 8-
‘latex, This resulted in a resistance (Festigkeit) improvement,‘ :

which was alo found to be the case when mixing high pressure
latex with normal latex, E _ \

I wduld like to poiht:out the rééulta which we obtained

at that time because I am of the opinion that the resmnlts in

‘vtggsélghﬁnresaure autoclaves in respect to mixed polymer#zdtion<m<i“
. of butadiene with styrene is over—estimated, - The same results

as far as quality and speed are concerned,. can be obtained in . -

the;cpntinuogs,;low tube,




Name: Dr. Wiesemann Dept: Bubber Central Lab. Group 1.
Report of 31 January 1945. ~Rung ¥o, 15

¥e obtained the following average figuress- . ‘
: IRON SALTS AS DEGRADATION CATALYSTS
-—-—-—-—*—————_—\-.—__.__a__

. D, Bel. : .
z - i ~r A produot is contained in the paraffin fatty aoid, whioh can
207 530 80 : bo used for the thermal degradation of rubber. - Experiments
: ‘ - S ' T N o C have been made with other iron salts in respect to their suita- .
The optimal figures were: 244 640 57 .’ bility as degradation catalysts, beoause a substitute product of
b equal quality must be at hand in ocase the paraffin fatty aoid is
The following optimal fi os j; unobtainable. The properties, whioh should be demanded from
have 80 far been obtainogur : # such a product, are, first, a good rubber solubility, and seocond,
with the high pressure : 53 ease of productiion of the produst. A number of subs ances were
polymerization 200 : ohosen according to this prinociple and were mixed into the
’ ; material in the absence of fatty acid. We would like to refer
: to the report of Dr. Rathjen who, however, could not complete the
work owing to a short holiday. The iron salts were produced
from the following subatances:-

: ' : . " Bengoic acid
- I. G. LEVERKUSEN. ] Hydrobenzoic acid
RUBBER OENTRAL LABORATORY. - - Naphthalene 2~oxy-3-carboxylic acid

Group 1,

Isododecylphenoxy acetic acid :
B-Phenylethylthioglykol acid, iron ealt—
Diisopropyldithiocarbaminic acid, iron salt

- 8igned:- Becker. - Di;sobutylnaphthalenesu}foni¢ acid, irom salt

K
8 a charge for the iron

SRR T M EPIE No

The.fatty'hcidefree material used a
salts was made up as follows:~ )

Nekal BX .
Nekal BXG.
‘NaOH solid
Ammonium sulfate
Water
Diproxide .
Styrene
.Banen_ >

: Degradation is naturally the most important ‘criterion for
the quality of such an iron salt. = The deciding factor for
this effect is, however, the absorption of the salt into the
_ . rubber;, which can-be ascertained from the iron content of the -
- ealtmgnd,thqwiron_oontenx_of_xhemrubber~ihich4haa~been tested
“with it, or from the ] 1 ' ] er—
~ 80lution medium. The 1roh’salts*gan;beAcharged‘to«the“latéx-'

i
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or to the preoipitated orude, wheredby difficulties may arise in ] i h _
both ‘oasta, The® solusion of the iron salts in toluone - as | ’ iron. The Nekal iron is easily soludble in tolu-ne.bUQt:rgggzﬁgr
far ao they are soluble in toluene. - oan, during the mixin into 1y this iron salt does not prooi{itnto completely, uth Y
the latex, result in a preoipitation of eho salt and in a bad ; part oan be salted out in the filtrate, whioh bringch te 3
distridution if one does not observe the oonocentration of the ‘ to not quite 30%. The deposit dissolves again 'h‘nt 311;2 1t
solution and its pre-emulsifioation. I? one desires for instanoce, | —~ -+ precipitates on oooling. This behavior oould mske i o

to put the paraffin aoid sslt of iron into a toluene solution, ] td?*%go absorption of the salt into the rubber.

the following proportions should be used: s ‘ |
e ’ A8 _the results of the decemposition experiments with these

10% Nekal BX-solution - 20 com ® iron salts are not completely at hand, we shall disouss them
¥ater 16 = : ~~ 1n our next report.
n NaOR 4 * ‘
Patty acid iron salt in toluene 0.5% . 20 »

The mixture is well stirred and 40 oom. latex are slowly added
to 1¢.. This emulsion is added to the caloulated quantity of
latex.

e - -

Egne b u—ﬂ‘w”!&éﬁ‘ﬂjwf.&zﬂf TSRTNY

This procedure can be used generally providing the solu-
bility of the iron salts in toluene is sufficient. If this is
not the case, suspensions of the salts in Nekal solution have
to be produced. ©Thig can easily be done if the products are
available in correspondingly small grain sizes. What kind of
charge of iron salts is to be used must be decid
in order to obtain a good distribution as the basis for a gaod
decomposition. The charging of the iron salts into the pre-

an be carried out in the same manner providing

n has been undertakem in such a way that very

are obtained, The size of the particles must = -
obviously be sufficiently large to allow the separation of the

" liquid and give no difficulties in washing,

- The iron salts were produced after .the clarification of
‘these questions., The instructiens given by Dr. Dennstedt for
the manufacture of the paraffin fatty acid iron salts were

shown that the difficult

g content,ofio.01%,'
solution-with .

IR
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1. SCOPE
(a) Aboveground Installations:

1. Ebenhausen Bulk Storage Plant, Ebenhausen
2, Bvrach Bulk Storage Flant, F.brach

(b) Underground Installationss

1. Freiham Fuel Storage Depot, Freiham
2. Nienburg Fuel Storage Depot, Nienburg
3. Farge Fuel Storage Depot, Farga

2.  INTERESTED AGENCTES

(a) Office, Chief of Ehgineers, Washington 25, D. C.
(b) The Engineer Board, Fort Belvoir, V:.rglnia -

3. TkRGETS !I§; AND PH?SONNEL INTEHRMATED

(a) Aboveground Installations

. 1. Ebenhausen Bulk Storage ?lant; Ebénhauseri v

He apparently .
the equipm familjar nth the -
- location of all tanks, valves and fire control apparstus. .

24 Ebrach Bulk Storage Flaunt, Ebrach .
There ‘were two German civilians in’ ﬂie‘ wrecked

- :- et —Administration Buildin « They were of the office “type, . well-dressed' :
-~ but knew Jittle about the actual operation of. t.he Plant. e R

Sub-Depot 5315, - Ca
ne-of Herr Fr '




Organisation employess under his control.
able to give factusl answers to questions pertain-

2. fiienburg Puel Storage Depot, Hienburg

“chisf chemist by the naze of Rudolph Dlegle and
ted as guides and furnished information to the

3. Farge Fuel Starage Depot, Farge -

A UsSede QM Canpany is operating the Plant handling
UsS. fuels, They had German chemists and operators show the investi-
gators rerresentative installations of each type. .

4+ NAMES OF INVESTIGATORS

(5) Mr. Re B. Oat, Tech Rep., C.I.0.S. Section, Int. I).‘lv., 0.C.E.
-(b) Lte Arnold Malzer, M.I.S. USFET

5. BESULTS OF INVESTIGATIONS

(a) Aboveground Installations _
.l _Bbenhausen Bulk Storage Plant ~ -

: - The Ebenhausen Bulk Storage Plint formerly under con-
trol of the "Luftwaffe" is located out in the country along side of a
~..wooded hill. A railroad spur follows the contour. at the base of the

hill and is enlarged to several ladder tracks at’the bulk storage site.
Wood framed shsds camouflaged with tree branches and nets sparmed the -
tracks at two loading points.. Camouflage was elaborate but not complete
as it was impossible to cover all of the railroad tracks. Tank cars .
" were framed in with wood false work to make them appear like boxcars.
’ All storage was in aboveground tanks and all . equip-

ment was installed in relatively shallow underground rooms. = The under- :
ground rooms served to hide the:equipment and as fragmentation protection.’
~ Eleven_600,000 1. (158,500 gallons) tanks approximately 30 ft. diameter
by 30 ft. high were located in dispersed" positions in the woods, In
addition there were:three=300,0001. (79,250 gallons) ng tanks, -

' ' ‘and‘were inclosed in brick fr




walls while the surrounding sasonry siructurs was untouched. It is
belleved that the tank was filled with hydrocarbon vapors and axploded
by Germans. :
This plant was apparontly designed principally for
the storage and trans-shijment of liquid fuols in carload lots. Over-
hoad loiding oloms rotated by & hand lovor about a vertical center line
wore provided. FPhotograph No. 1, Lalow, shows a railroad fueling pit
with vertical loading stem. lLoading stess were 5 in. outside diameter
reduced to 4 in. at the outlet. It i3 claimed that a 200 hectaliter car
(5290 galions) could bs loaded in ono hour. Tank cars waro unloaded
through the bottom at the same fill box shown in Photograph No. 1.
Tank cars wore equipped with a horizontal side connection having a shut-
off cock. 4-in. I.D. wire wrapped hoses werc used but thoy were so
heavy that winches were provided to handle them. Sufficient fill baxes
and valve pits were provided at the railroad sidings for unloading six-
.. teen 200 hectaliter (5290 gallons) cars simultaneously in 90 minutes.
Fire protection was controlled from a oentrel under-
ground foam house using a single powder. There were sixteen 4-in. O.D.
foam pipes leading to tanks and tank inclosures; one pipe for each space.
One 3% in. O.D. water heator at 8 At#t (137.6 psi) pressure furnished
the water supply. Two foam generators were used. Valve pits at the
railroad siding as well as pump rooms were protected by CO2 which was
piped from a battery of twelve 30 Kz storage cylinders.
. The storage plant is badly damaged and should never
be repaired as it is strictly a military project. .




