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&, Galendered sheet from polyvinyl cillorida,

1. Dymemdt AsGe, Troisdorf; near Sieghnrg, Rhin= Province,

Intervieweds Dr. R. Rétm, Director, in charge of the Mipolem
Depexrtment of the Plastics Section. ‘

During &n esrlier visit to Troisdorf (C.Xe0.8. Trip k58,
June 1945), members of the party had interviewsd Dr, Rlbm on the
subject of precessing of polyvimyl chlaride and related plastics, A
pumber of points of interest had srisen cut of this visit which made
a further visit desirsble, and Dr, REhm was now interviewsd again,
Tnformation obtained covers the fields of calendering of sheet,
production of ceble messes, and new work on the direct extrusion of
pelyvinyl chleride, The information has been reported undsr these
headings, :

Tr, eddition to the informetion obtained from Dr. RBhm during
interviews, the writers had the opportunity of exirscting information
from a commonplace Pile of workas recipes and procedures, of current
date, referring tc Mipolsm Depariment processes, For grester clerity
this has been ccllected es & series of appendices to the present repart.

Polyvinyl chloride raw masterials used at Troisdorf,

Polyvinyl chloride. The materisl used is L.Ge Igslit BCU, straight
Fgﬁggﬁ. chioride mede by the emlsion process, The POU came from
cach of the three I G, factories meking it, end the properties varied
meinly becsuse of the msthod used to prepare the solid KU from the
emulsion in which it wes formed, In meling Iudwigshafen or Schkopau
material the emlsion is either cosgulated snd after continuous filtra-
tion and washing, the polymer is dried with hot air in s continuous

belt drier ("Imperisl® process): or the emulsion is sprayed on to heated
rolls and the film of polymer scraped off; continuously ("Escher—Wyss"
Process ).

A% Bitterfeld, the emulsion is evaporated in a spray drier
("Mubilcse" 4yps) by caieching the spreyed emulsion with hot aire

Tn, Imdwigshafen or Schkopew materisl, the particle size is within
the range Q.1 - 1 mr; in the Bitterfeld meteriel, these perticles have
been sintersd, under the influence of the hot eir, into hollow spherss
similating the criginel emulsion spray particle, and ebout 100 mu,
diamsher, The gurfacse zize and texture of the particles sffect grestly
the behaviour of the PCU with plasticisers, Iudwigshafen and Sehkopau
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different treatments when plasticised FOU is being made,
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For production of plasticiszsd POU material, the polymer used has K
value about 70 (PCU grade G); for unplasticised products, the X value
is 60 - 65 (PCU grade A}

It was stated that the normal package for PCT was 50 Kilo bags meds
of jute "Kaschiert® with Mipolam paste, but stocks seen at Troisdorf and
gt Xiritmel were pecked in paper begs.

Wecker polyvinyl chloride. This polymer (Vinnol) was not nommally
amployed by Troisdorf, but evidence was obtained from the Research
Department files that in comparative tbests of laboratory prepared
rlasticised sheets, FHackers material showed superiority over the I,G, in
some respects. ‘The comparison is detailed in Appendix 1.

Vinyl chloride interpolymers. 4part from experimental quantities of
other vinyl chloride interpolymers, the interpolymersused at Troisdorf
are those employed to make "Asztralon® z clear cellulcid-like sheet mater
ial used generally in place of the latter, over which it has a mmber of
advantages, particilarly non-inflammability, The sasme interpoclymers
are ussd for moulding and for production of low-softening, easily worked
cable~covering masses.

Phe range of interpolymers of this type used at Troisdorf has ai-
rezdy been given in Part 2, but is repeated below.

Neme and Composition E value Price %0 Troisdoxf
use. from I.G.Indwligs-
hafen (R.M. per
Kilo : 28,7eld)

Igelit WP 80 vinyl chloride
Grade A 10 ethyl maleate 55 - 60 2,30
(astralen} 10 methyl maleate

Igelit @ 84 vinyl chloride
Grade X 16 methyl ecrylate 72 1.60
(wire cover-

ing)
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Names snd Gompesition K value Price to Troikdorf

use, from I.G, ILudwigs-
hafen (R.M. per Kile:
286 7o4ds)

Igelit P 80 vinyl chloride 70 1260

Grade AK 10 methyl acrylate

(unplastic- 10 isobutyl maleate

ised for

Igelit MP 80 vinyl chloride 1,60

Grade D 20 methyl acrylate

(Astralon)

The grade A polymer is preferred to the original Igelit MP (Grade
D) on acoount of better Flowing properties on the calender rolls, in
addition to advantages already mentioned,

Igelit MP is manufactured at Iudwigshafen,  According to how the
dispersion of the interpolymer has been processed to obtain the solid
resin, the latter comes as a fine powder (Escher-Wyss process) or as
chips (Imperial process). These drying processes are described in
CeT:0:sS. Report File XXIX, No 62.

Types of calendered polyvinyl chloride made at Troisdorf

The polyvinyl chloride calendered sheet made at Troisdorf is class-
ified as follows :- '

Hard Mipolam, Vinidur. - Sheet rvlled and calendered from unplasticised
polyvinyl chloride (igelit PGU)

Soft Mipolam, Sheet mede from plasticised polyvinyl chloride -Igelit
PCU, usually straight, sometimes with a little (5%) Tgelit MP added to
improve workabilitye

Astralon, Sheet made from unplasticised interpolymers of the Igelit ¥MP
tyoe.
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Processing of Tgelit to Mipolam sheet.

The processing can be divided into threse sections :

le Preliminary wixing of ingradisnis.

2. High temperature rolling in mixing mills, to corpleie mixing and
thermeplasticise the plastie,

2, Calendering to give the finzl sheet.

In the case of Astralon sheet, the calendered preoduct usually re-
quires hot press polishing to give a satisfactorily amooth finish. 3oft
Mipolam calendered on tc cloth, for upheclstering purposes, is subse-
quently embossed with a design in embossing presses (see jppendix 4)e

1. Preliminary Mixing.

(a) Unplesticised Igelit PCU end MP.

With unplasticised PCU, it may be necessary to incorporate lubri-
cant and stabiliser, although the polymer was also bought with these
already incorporated. Where it is necessary to carry out the mixing,
the components are mixed in bowl mixers, or in the Petzhold Kreisal-
mischer described in Part 2, This machine i3 claimed to be very effect-
ive in rapidly dispersing small amounts of material throughout the mass
of Igelit. It has a large working capacity, 3C0Kg.

Ceresin wax, 1.2 - 2.0%, is used at present as lubricant for un-
plasticised DOU. Octadecyl alcohol, now unobtainable, was formerly
useds Both lubricants have about the same effectiveness.

The stabilisers normally used at Stabiliser I (J) - alpha phenyl
indole, and ¢ (diphenyl thicurea) . The quantity added is arvund
Ca 5% The stabiliser discolours the polyvinyl chloride mass during
milling through its own oxidation.

Stabiliser which discolours cannot be used for astralcn. In this
case 29 of methanol {on the weight of Igelit MP ) is added to the mixer.
The use of methanol is the subject of a patent by R¥hm and Fikentscher
to I.G. (Germany and U.S.A.).
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In sddition to the preceding stabilisers, the following stabilisers
have been used at Troisdorf.

Stabiliser Composition Price $0 D.A.Ge,
28:To bk
RM/Xilo
F | Phenoxy propylene oxide 4e50
DBG | Di-isobutyl phenyl glycidyl ether 5.75
HRA | adipic aoid dihydrazide 150~
(4H)
3 Butadiene sulphone Yo~
- Thiodipropionic acid hydrazide 15e=
1 glpha - Phenyl indole (ex Leverkusen) 8250
63
(Yulkecit) Diphenyl thiourea
CA IT
MPTH Monophenyl thiourea

Besides the products mentioned above two experimental samples
from Iudwigshafen were found at Troisderf.  Anslysis showed them to be

Stabiliser A methyl { 3- amino phenyl) sulphons,

SOZCH3

Stebiliser D b,4' - dismine - diphenyl sulphcms
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Fig. 19

Fig. 20
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mixer. The product from this procedure was cleimed to be a sandy
mass, easily handled, and satigfactory for rolling., The use of = tem-
perature of 50 - 60° wag said to svoid gelatinisation.

¥hils no inconsistancy 1s necessarily present, it should be noted
that ine Wemner-riledlbarer alxing progedurs differs from that given in
items in the commonplace file, referring tc the production of plasti-
cised PCU massess -~ see jppendices 2 and 5.

In these cases, the mixiture of PCU end plasticiser is heated at
130-150" in a mixer till gelatinisation commences (angelatinicst).
The use of tu.f.s high temperaturs mixing was cbserved &uring a vieit to
Deutsche Linclewm Werke, Delmenhorst (q.v.): the product coming from
the Werner-Pfleiderer mizer was in this case a tough, rubbery mass,
showing that considerable gzlatinisation had taken placee.

Pigments., When present, pigments are incorporated in the mizer with
FCU and plasticiser, bteing addsd last, Where pastel shades are sought
the pigrent iz firstly dry mixed with PCU, e.ge. in the Petzhold wixer,
to cbtain maximun wniformity,

2. High tamerature rolling,

The Dprenixef composition is mized on hested rolls to corplets
conversion to a homogeneous, thermo-plastlcised mass ready for calend-
erings

Trolsdor! use only mixing rolls for compounding the presixed
¥ipolam masses, Dr. Form was asked for his views on the Banbury mizen
He steted that they had erperimented with Banburys and were favoursbly
Impreszsd by thems He “&Toal& Jike to have installed them, but the
machines were scarce in Germany: all supplies of them were allocated
o Euns processing, He made the point {generally reslised) thet the
large momi: of frictional heat generated in the Banbury was a disad-
vantage, for in the hands of an inexperienced or careless opserator
decasposition of the polyvinyl chloride could result from overheating.

Troisder? rells. The standard Troisdorf rolle for compounding of
Mipolem sheel masses are comparatively smsll, due probably to the
aemount of manhendling the product gets daring the processing, They
hove been described in Part 2 and their principel measurements and
pover consumption are given in Appendix 2, Hot water under pressure
iz used for heating the rolls.
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During the rolling of hard Mipolam and of Astralon, dust rises
from the rolls when fresh powder is added, and with soft Mipolam, the
usual vaporisation of plasticiser occurs. Troigdorf have a comprehen-
sive suction ventilation system, by which ducts lead to hoods built
over the rolls, to extract fumes rising from theme The hoods are
glazed with Astralon sheeting, which appeared a desirable feature,
giving betier illumination of the work.

As has been previocusly menticned, the bearings of the mixing rolls
are coolad by cold water circulating in canels cast or machined in the
bronzes, and lubrication is by circulating oil, fed to the hearings by
s pump, Dr. Rohm stated that it was not absolutely necessary to water
cool the bearings, but doing so notably increased their life, Duriag
the war, bearing metal was scarce and bad, and even plein cast iron
bearings had been useds Mach trouble had been cavsed with besrings
of rolls and cezlenders by the use of unsuitable oil,

For mixing Mipolem, the friction ratic between the rolls does not

exceed 1.3, and may be unity.

Rolling of hard Mipolam. This has already been dealt with in Part 2,
tut the following notes sre of interests

Herd Mipolem sheet can be calendered comparatively repdily, and
four rolls sre employed to provide the feelof mixzed meterisl; when
scrap hard Mipolam is being reworked, five rolls are used. The tech-
nique used may vary considerably according to conditions: the follow-
ing geems to be typical :--

The roll nesres:i the calender, and that behind it are the finish-
ing rolls, in which the mass is brought to the final stage of plastic-
ity, Om the first roll of the series, fresh POU is rolled into =2 shests
Strips of the shest, weighingebout 6 Kg, ere cut off from time to time
and fed to roll 3. Meanwhile on roll 2, scrap hard Mipeleam is being
similarly sheeted again, and strips from these rolls are alse addsd to
roll 3 Processing of the sheet from roll 3 o roll 5 is also carried
cut by cutting off sitrips, not the whole sheet, and such strips from
r2il 5 are fed to the calender. The procedure has the advantage of
giving a more even progress of the material through the rolls and to
the calenders In the case of the first rolls, it is an advantage o
have thermo-plasticised material slready on the rolls when adding fresh
PCU powder, as the latiter adheres to the plastic material. Even sc a2
good deal Grops out on the first passage: 1t is swept up by 2 hand
brush snd shovel and repleced on the rolls.
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The output rate is 2,000 Kg of hard Mipolam in 8 hours,

The transference of the strips of Mipolam from cne roll to the next
was done by hand, and the process was not imposing from the point of view
of labour usage. Some remarks of thig kind were male tc I, RO, who
made the point in reply that whilst it was appreciated that the process
was wasteful in labour, so long as a man had to stand over the rolls
during the mixing, cutting and turning the sheet to get good incorpora-
tion, he might as well be doing the sdditional work of cutting off and
carrying to the next roll., If mechanisation were to be introduced, it
should cover the mixing operation as well as the transference of the
prediuct. Troisdorf were interesied in this problem of mechanisaticn of
the mixing process, but development of ideas had been hindered by the
necessity furing the war for maintaining full output from the existing
plant.

Since admittedly the rolling plant had been staffed by Rusgien
woien during the war, the economic disadvantage of tha current procedure
would not have been likely to cause concermn to D.A.G. On this point of
foreign lebour, it was stated that the Russian women were cegpable of ob-
taining greater output than the German men workers employed earlier, At
the time of the presemt visit, the rolling was being dene by unskilled
German workers, end was giving little satisfachion.

Reiling of soft Mipolam. As has been stated in the earlier report, the
normal service of mikimg rolls is three per celender. This however
refers to the profuction of calendersd sheet of nomal thickness for ramn-
coats - gbout 012 mm.  ¥hem thick sheet (the maxinum being leh mm. ) is
teing calendered, four rolls may be nesefied. If screp iz being reworked,
enother roll iz required to handle thisl The procedure is generally
similar to that described for hard Mipolam. It was stated that the out-
put from 3 rolls was 500 Kg in 8 hours. 12 - 15 Xg of composition are
carried per roli.

Rolling of Astralome The procedure is generally similar to that for
sofT Mipolam, with three rolls normally in gervice; four when reworking

€5 Py
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Direct ewtrusion of premixed soft Mipclsam intc calender. An interesting
ezperimectal setup for doing this was seem. A normszl extrusion mechine
as uged for cable mass was mounted, with its motor, on a frame pravided
with wheels tc make it moveable. The usuzl die had been replaced by =
elit die, about 6° wide by ¥ Qeep, made of stainless steel. The dis
wes weatdd Ly an slectrical winding, In use, the machine was wh
to the calender feeld, and mess from ths Wemer—Pflelderer micar o
Grrestly into the xip of the calender rolls. REaguits hal haen
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encouraging, but wartime conditions had not permitted of this experiment
being further develcped.

Calendering

Pive calenders, with their mixing rolls (about 20) occupy the
Mipolam shop. This building is approximately 200 feet long by 60 feet
wide by 27 feet high, lighted from roof and sides.
Calenders. The calenders in the Mipolam shop are as follows :

Made by E.Berstorff, Hennover --

No.l 1000 x 450 mm., 4~ bowl Delivered before 1936
No.2 1350 x 600 ® 3« bowl " 1938
No.3 1650 x 700 *® 4~ bowl " 1950
No.5 1800 x 750 % L-bowl f 1942

Made by J» Bk, Dlsseldorf —-
No.h 1650 x 700 mm. 4~bowl

i The Eck calender is provided with that firm's fom of skew-setting
(Schragstellung} of three of the rolls (Nos. 1, 2 end 4). The Eck, like
the Berstorff L-bowl calenders, has roll 1 behind roll 2, and rolls 3 and
4 mounted above 2, The mass fed in thus lies in the trough between two
horizontally disposed rolls, The calender follows established practice
for polyvinyl chloride celenders in having watercooled bearingse When
seen, it was in use to produce hard Mipokam sheeting to be employed in
acid-resisting linings for chemical plsent at Chemische Werke Hils.

The Berstorff calenders were not girovided with skew—setting devices,
and the volls were 2Jipsrallel ground. The bearings were water-cooled.

Calenders sre provided with smsll draught hoods situaled over the
top rolls and connscted o the suction ventilation system (see fige21).
The rolls are hested by steam, as tha het water system was inadequate to
maintain the temperatures required. Het water heating is preferred, and
it is desired 4o be sble to maintein a temperature of 200%.

Power for driving the calenders is supplised by 3-phase 50 covcle
380 volt A,C.mobors, driving through chenge-speed gearboxes. The roll-
ing speeds obtainabls sre approximetely 4,8, 11 and 15 meters per mimule.
The first three speeds zre obtained by gear change; the fourth by fis=ld
regulation. The 3-bowl Berstorff with rolls 4350 x 45Ctm, , kes a 110 Ki
motor, and uses 60 KW when rolling soft Mipolsm of 0.12 rm. The Lebowl
Bergtorff with rolls 1200 X 450 mme has 2 450 EW moton i



Fig. 21. Ventilation of Mipolam calenders,
Troisdorf.




il.

In all cases, the calender rolls have sven spesd. Friction has been
tried, bDut even speed is preferred.

Three bowls are enough for calendering soft Mivolam, but four bowls
give a better finishe Mipolam can be calendered on 4o bass cloth in &
three-bowl calender; the cloth is run through the second nip. Four
bowls ere used for doubled cloth (See Appendix 3).

Shepe of calender bowlg. Under rolling stresses, the calendsr bowls
bow slightly, producing a sheet which ia thicker in the middie than at
the edges. Dr. REhm was asked zbout use of camber on the rolls to
counnberact this bowing. He stated that Troisdor? had tried rolls which
had been cambered (bombiert) by grinding slightly barrsl sheped. The
difficulty was that a given cawmber was correct only for a givaen compogi-
tion working under given conditions of temperature, sheet thickress, sbio,
and efter trials, Troisdorf hed reverted %o parallel (cylindrical) srouwsd
bowls, It was claimed that sof't Mipolam sheet C.12 mn., thick oould be
calendered to a variation of 10 - 20 mm over the widbh, using cylindrdcosl
rolis,

The gquestion of the value of skew-setting (Schr;gstellung) was dis-
cussed. Bck had well publicised their invetion for skew-getiing the
bowls, and as the reason for doing so seemed very plausible, Troisdorf
had purchesed their 4-bowl Eck calender. Their experience with it had
however been disappointing. The skew-setting haed bean found ia prectice
to be "spongy", so that it was impossible to skew the rolls o a defimite
amount, or keep the amount of skew fixed. Eventizally the rolls had
been set back with their axes parallel and the machine used as a conven~
tional calender,

Despite this unsatisfactory experience, Dr. R¥m was s5till of opiriom
that skew-setting was basically sound, and should give good resulis wmce
the mechanics of effecting skewing had been put right, The Eck cslender
delivered to Troisdorf was of wartime memufacture md the worlmenzhip =nd
material in the bearings wes poor. It will be apprecisted from the noiss
on the wisit to Eck that with the type of bearing used by than for skew-
3etting, poor workmanship could easily produce the sponginess of safiing
ol which Dr. Hélm complained.

Simple flexing of the bowls under the stresses of rolling produces
a shest of lenticular section shown grestly exaggsrated a8
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Fig. 21. Ventilation of Mipolam calenders,
Troisdorf.
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2. Deatsche Tinoleun Werke, Delmenhorst,

peutsche Linoleum Werke is a large factory situated in the town of
pelmenhorst, 8 miles west of Bremen. As the name implies, the prin-
cipal concern of the factory is the production of linoleum, but a sec~
tion is devoted to production of calendered Mipolam; we are indebted
to Mr.Claxton, U.S. investigator, for information on this peint,

Personnel interviewed were Herr Indwig Kaufmann, technical director
of the factory, and Herr Rohlfs, works engineer in charge of the Mipolam
department.

Production data. The Delmenhorst factory has a maximum capacity for
Mipolam of 225 tonnes per amum of finished goods. This capacity is
mainly thin calendered sheet, such as 1s used for raincoats, but some
shoe sole Mipolsm was also made, in sheets 4~ 5 mm. thick. Production
of the latter was mainly carried out by ancther D.L.W. factory at
Bietigheim, near Stuttgarts The activities of the D.L.W. with Mipolam
date from 1937.

Calendered Mipolsm sheet

Starting materials.

Polyvinyl chloride. Most of the PVC used is I.G. material, drawn from
either Schkopex or Imdwigshafen. Bifterfeld (spray driedj material was
not normally used, except for the low grade, cheap waste material ob-
tained on clesning out the Nubilose spray drier. The following comments
on the working properiies of FVC were given by Herr Rohlfs,

The Schkopeu FVC was much finer powder thsn the Ludwigshafen, took
up the plasticiser more smoothly, and stood high rolling and calendering
temperatures better (i.e. with less decomposition)s  Bitterfeld regular
materisl was as satisfactory as Schkopam, but the waste Bitterfeld mater-
ial, a hard gramuler product, was generally rather unsatisfactory. The
rolling temperature used for Schkopau was 160%

In addition %o the I,G.polyvinyl chloride, Wecker's polyvinyl chior-
ide (Vimmol HH) was also employeds D.L.W's opinion of this materisal was
similar to those we had already hesrd, It could be worked in the same
apparatus as the I.G, matazrial, but rsquired mere cers. Iresumebly o
account of its known higher viscosity, 1t required a higher temperature
on the rolls ~ 170% = and the working range of btemperaiise was LalIvhil a
rise of only 5° would cause repid blackening of the mass on the rollse



Stabilisers,

Flasticisers.

164

Stabilisers are not added tc the Mipolam compositions,

The following table lists the plasticisers whiah D T W

hed employed, together with comments on their behavicur supplied by

Harr Rohlfg «-

Chemical
Trade name and maker Composition Comnents
T.CoP Tricresyl Gives high tear resistance
Heyden, Dresden phosphate and tensile strength., Cold

resistance =5° to - 10°;
volatility, 3% %

Mesamoll Crade I.

Phenolic eater
of sulphonated

Good plasticizer, No amell
Bluish fluorescence., Iittle

F. G, , Indwigshafen

alcohel phthelate

I.G. ;Merselburg Fischex~Tropsch | or no colourse Good
aliphatic hydro- | weather resistance. Volat-
carbcns ility 3%. Cold resistancs

- 409,
Phthalate of
Palatinol F Leuana alochols Dold resistance -20°
LG Indwigashafen Cg = Cge
ood plasticiser, Gives vay
Palatinel HS Phthalate of clear films, which remsain
1,G. ,Inndwigshafen Leama alcohols, ! colorless on ageing (T.C.P,
Cg = Gyy and Mesamoll films ecolour
somewhat).
Palagtinel TV Leuna C Jeed only experimentally; mo

mapufactaring data or ex-
perdience,
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Trade neme and makex CGhemical Comments
o _ Composition
Triethylene Cold resistance -30°. Ikt
Flastomoll ¥F glycol ester of wepther resistant. 1 yew
tforerun® syn- exposure to weather
. thetic fatty gives films brittle
acids ex Pischer  through lesching of
WaF. plasticizser,
BD 356 Phthalate of Iike Mesamoll in gemeral
witkische Seifenindustrie Leuna alechols properties.
Zosaleben, Desszan 05» GE
Priethylene Oold resistance ~40°, but
I¥ 36 glycol ester of  very volatile (207).
¥arkische Seifenindustrie "forerum® fatiy
scids
EldSle Hexanetriol ester Kot good - poor plastic-
I.G.Uerdinger of "forerun® ising ection, pooz
fatty acids weather resistance.
Diamyl phthalizte
% Sample of £ilm heated 4 days at 100° in air oven, and loss in
weight measured.

Filler. Chalk is uged as a filler but only in very small smounts -
spproximztely 3% on the ccmpos:.twn.

Colours, I.G. organic dyestuffs postes have been tried, but are very
dear, and not satisfactorily resistant to sunlight. At present, all
solours employed sre inorganic, including those for trensparent Mipolsam
sheeting, The following colours were given —

Chrome yellow

; e green g Veasen, Aachen
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Iron oxide, red and yellow, I.G. {very good)

Blue Bright ultramarine, I.G. Leverkusen
Paris blue, Gebr. 3iegler, Stuttgart

White Titanium cxide, I.G.
The inorganic colours were said %o show satisfactory resistance to

sunlighte

Mixing of compositions.

The FIC : plasticiser ratio is between 50:50 and 60:40. All mixing
iz done in large iron steam jacketted Werner-Ffleiderer mixers with
sigma blades,. These were bought second-hand, and hed been originally
used in chocolate manufacture, For 50:50 mixtures, the incorporation
is done at room temperature, For the usual calendered sheet formula
(approx. 60:40}, the following procedure is used (300 Kilo charge) -

The plasticiser is weighed out and introduced into the Werner -
Pf‘lelflarer, which has been preheated. The plasticiser is brough+ up
to 140 and when at this temperature, the FVC is introduced in a faw
mlnates. Colour, if present, is added with the PVC. After this, the
mixture is worked at 140° for 1 hour. Shartly before completion, a
little chalk (whitening) is sdded. This is to break the contents of
the mixture into discrete lumps, prevented from stic"ing together by the
chalky, The blades are then reversed, the machine tilted and emptied
into large flat pans on castors. BExamination of the product at this
stage showed it to be tough, free from discrete plasticiser, gelatinised,
at least in part; the mass was in layers, separated by interfaces at
which wes whitening, Fig. 22 shows a section of a lump; the laminated
structure should be noted,

Rolling. The mass from the Wermner-:flelderers is rolled into sheet,
Po do this, use has been made of existing horizontal mixing rolls,
formerly employed for reworking scrap linoleum mass. Two pairs of rolls
are used per set, the materisl receiving two rollings.

The genersl German practice is to use very little friction en
Mipolam mixing rolls; -these linoleum rolls on the other hend heve pro-
nounced friction - ffont roll, 35 r.p.m., back r2il, 8 rep.m. -~ znd in
order to avoid trouble with decon@osn.tmn the mng procedure differs
from normel, in that anly one pass is given, and the sheet is 'mususlly
thin,
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B, Printing of calendered soft Mipolam sheet,
Schlieper and Baum 4. G., BElberfeld,

This firm of calico printers and textile finishers has two
factories, at 22-4L0 Wupperstrasse, Elberfeld, and at Lsaken,
Mipolam work is done at Elberfeld only,

The newer and lerger celico-printing shop lost ifts roof and
received other damasge during the disestrous raids on Elverfeld,
The mschinery has suffered greatly by exposure to the weather,

The older shop has had its roof repaired, and the machinery
used for printing Mipolam printing is here, It is normal celico
printing machinery,

Personnel interviewsd were:

Ir, Baum
Herr G,A. Baumm

Dr. Ernst Doring Chief chemist,

g Joint managing directors

The printing of calendered Mipolam sheet was taken up by
Schlieper and Baum in collaboration with Dynemit Ai.G., Troisdorf,
Troisdorf supplied the Mipolam, which was printed by Schlieper and
Baum end returned to Troisdorf. The printed Mipolam was sold by
Dynamit A,G, through their sales crganisation, Venditor, Dr. Fromm
being in control of printed ifipolam sales,

In all, 400,000 meters run of 92-95 cm,wide lpolam were printed
by Schlieper and Baum in the yesrs 1941-1943%, Supplies for this
civilian purpose were not permitited by the German Government, and such
supplies as were forthcoming were wnofficially engineered by
Troisdorf, Ho more Mipolam bscame availeble after about April 19%44.
All accumulated stocks of printed Mipolam were burnt in the 1943 air
attacks,

Only two smell samples of printed Mipolam were seen during the
visit (ses Pigs. 24 and 25), Both had been printed on s brown tinted
iipolem, One was %he white check design already seen at Troisdorf
(part 2} the other was a two colour cross design printsd in red and
yellow, much less effective than the other,
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Essential poinits in printing cf Mipolam,

The chief difficulty in @wrinting Mipolam is to secure adequate
adnesion of the ink, so that it does not drop off with wear or folding,
This has been overcome by Schlieper and Baum by sultable ink
compositions end tecimigue of printing,

Ink composition,

The firm® chemists working on the problem (Irs, Doring and
Grassmider) tried a range of lacquer basis dissolved in orgenic
solvents as media for the colours, but found generally that the inks
pogsessed poor adhesion; further, as it was necessary to do the
printing at low temperaitures on sccount of the low sof'tening point of
the iipolam sheeting, difficulty was experienced with tackiness of
the print through retention of solvent, even when volatile solvents
were used. After-chlorinated polyvinyl chloride (I.G.'s Igelit FGC)
which was of interest because of its enhanced solubility, showed
this defect,

The only material which has been found suitable as a binding
material for the inks is the umchlorinated, low-soluble polyvinyl
chloride (Igelit FCU) of the molecular weight normally employed for
plastics work. Using this as binding material for the inks, claims
are made of satisfactory adhesion with abili‘ty to operate the
printing process free from interruption,

Polyvinyl chloride plasticiser is added to the composition
in amount sufficient to plasticise the polymer present to the same
degree as the Mipolam sheet being printed, This has the advantage
of improving the resistance of the print to cold,

Initially, the ink compositions were made up with solvents based
on cyclohexanone, but containing also more volatile solvents such as
acetone and bhenzene, It was found in practice that these inks dried
out toc guickly, giving print of inferior adhesion, Finally,
cyclohexanone alone has been used,

Formul s,

The only colours which have been so far emplaoyed are white, yellow
and red, The formilae for the inks are as followsi-
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Fig. 24 . Printed Mipolm, Schlieper & Baum.

Fig. 25 . Printed Mipolam, Schlieper & Baum.




The patiern is cut into the roll by these scribers, which are operated
pantographically by a master point, This 1s moved over the design,
érawn on paper, by the operator,

The above engraving processes are claimed by Schlieper and Baum
to be normal in the preparation of printing rolls,

Deglons seen,

Rolls were seen engraved with the following designs, which had
all been employed in printing Mipolam,

(2) Hatched check design, originally seer at Troisdorf (white
print on brown Mipolam, see Fig, 2i)., The same design, in
white on dark green, was seen at Troisderf, used to trim a
Mipolam raincape in the same green, wnprinted,

(b) Viennese pattern — dots about 3/16" diameter, spaced sbout 1",
Dots were outlined, and filled in with hateching, No examples
of print with this pattern seen,

{¢) &= (b) but the circles were filled in with punched dots,
No examples of printed Mipolam seen with this design.

(@) Intertwined leaf design, outline only in dotted line; no
filled areas, No examples of print seen,

(e) Cross two colour design - punched design, Two rolls, one
for each colour, Printing done in one passage ¢f the machine,
Celours of prinf, yellow and red -~ see Fig, 25. This was
the only attempt made at 2~colour printing, This maberial
was seen at Troisdorf made up into a raincape,

The check printing appeared very effective, The two-colour
printing sheet was not atiractive as a design, but the actual
printing appeared effective technicelly,

In addition to the above designs, we saw a pair of black-out
curtaing installed in the house of one of the Trolsdorf staff,
- The curtains covered a large window, and were of black calendered
Mipolan sheet, printed in white with a floral design mostly in
dotted dutline, with smell dot-filled areas, The design and the
sppearance of the curtains were very effeciive, Adthough these
curtains, which covered a space of perhaps ten feet high by twelve
feet wide, had heen installed for two or three ysars, they showed no
aiens of sag.

v
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Printing details,

After leaving the rolls, the Iipolam passes up to the drying
floor, and through the drying maze; it would appear to have a rum
of 60=70 feet before it is wound up, The rate of printing has
reached 25=-30 meters per minute; the limit of the printing speed
is set by the tendency of the Mipolam to stretch under the increased
stresses obtaining at the higher speeds., This leads to rucking
in the wind-up roll, Improvements in stentering might lead to
improvement in this respect,

The drying run is carried out normally without heat in the
radiaiors and drying plate but on cold days, they may be warmed
slightly,

Patent,

Schlieper and Baum have a patent covering the printing of
Mipolam sheet using inks based on a solution of unchlorinated,
low-soluble pelyvinyl chloride containing plasticigers, Reference -
D.R.Ps 740112, application 24th April 1941; published 12th October
154 3,

Irwin Wintgens, 1 Parkplatz strasse, Elberfeld.

Mr, & Mrs Wintgens own a tailoring factory in Elberfeld, and
have had experience with Mipolam, They could produce 1000 raincapes
per month 1f the materiszl were availsable, The capes are made in
the same way as those seen at Trolsdorf, Seams are doubled end sewn
end are not solutioned or overlaid, Heat or H,P. sealing is not
used,

As other outlets for Mipolam sheet, the usual curtains,
Libies! penties, and umbrella coverings were mentioned, No new
suggestions were made, Ir., Wintgens expressed a preference for
Mipolam calendered on cloth on sccount of its greater strength;
the novelty aspect of the umsupported film, however, was of
attraction to Mrs Wintgens,
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D. Cable masses from polyvinyl chioride.

Dynamit A, (., Troisdorf, near Siegburg. Rhine Province, and
Krtmmel, near Gessthacht, Hamburg

Interviewed :

(Troisdoxt) Dr. R. Rohm , director in charge of Mipolem
Department of the Flastics Section.

Dr. Raslf, Celluloid Lsboratoxy.

(Kriummel ) Dr. J.C.E,Neale, managing director.

Dr. Mielke, chemist irn charge of the Plastics
Section.

Wnilset to foreign visitors to Cermeny the most interesting devel-
opments in application of polyvinyl chloride ere probably those cormected
with the production of calendersd soft ¥ipolam sheeb, and the variocus
uses of processed hard Mipolam (Luvitherm ©ilm, and chemically resistant
plant linings and ajgparatus from Vinldur), yet to the Germsne the use of
Plasticised polyvinyl chloride for extrusicn as insmlator over elsctric
wiree =nnd cables must have been, and may still be of primary importsnce.

At least 28,000 tons of polyvinyl chloride were produced in Germany
in 1944, Mammfacture of soft Wipolam calendered sheet had by then
Dean prohibited, and whilst the breakdown of the above preduction of
polyvinvyl chloride has not yet been ascertained, it seems likely that a
very considerable proportion must have gone to make variocus forms of
wire covering,

Cabis masses of plasticised polyvinyl chloride are appreciested in
Germany to have the same advantapges and disadvantages as are recognised
outside that country. The high resistance to atmospheric oxidation is
an advantage, whilst the difficulty of combining satisfactory flexibile-
ity and cold resistance with high resistivity is a disadvantags.

A11 polyvinyl chloride manufasctured by I.0. i8 prepsred by the
polymerisation of vinyl chloride stirred to form a stable emulsicn in
sn agueous medium containing sospy materials, (e.g. Mersapol, Cnilzn+d
S@3a) which stabilise the disperse phase, and e Water soluble oxygen
polymerisation catalyst, such as potassium persulphate. The polymer-
isation has been recognised by the I.G. chemists for some years to pro-
ceed through the vinyl chloride dissolved in the aqueous phase. The
solid particles in the polymer dispersion obtained adsoxrb strongly both
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dispersing agent and catalyst residues, and the processes involved in
isolating the solid polymer do little or nothing to desord them. As
a consequence, L.G.polyvinyl chloride has a high ash, 1.5 ~ 2, The
presence of this ionised material is used to explain the high water
absorption and low reslstivity of Tgelit PCU.

Wacker's of Burghsusen also meke a polyvinyl chloride (Vinnol) by
polymerising a comparatively cosrse {unstable) suspension of vinyl
chloride droplets in a dilute ageous solution of polyvinyl aleoheol,
which stabilises the suspensicon so long a3 stirring gees on. The
polymerisation catalyst is benzoyl peroxide, dissolved in the vinyl
chloride, and polymerisation proceeds on the orgsnic phase, to give a
granwiar product,

4s has already been reported (C.I.0.3. Report XIX, 62, p.51) the
water absorption of Vinnol is mmch less than that of Igelit PCU, which
is consistent with the much smaller adsorbate, but figures obtained at
Troisdorf (see Appendix 1) show that the specific resistivity of a
plasticised composition mads from Vinnol is no better than that of a
corposition based on Igelit PCUL

In the course of discussions with Germen chemists no indication
has beemn obtained that they had any information which would bear on
the following a priori possible causes of poor resistivity in WG
cable masses --

Self-ionisation of polyvinyl chloride, leading to conductivity by
solution of the icns in plasticiser or adscrbed water,

Conductivity due to hydrogen chloride formed by decomposiiion of
PVC during processing.

Hydrogen chloride from dehydrochlorination during polymerisation
(Staudinger and Schneiders, awm 544, 151-95 (1939): this work
seamed to have been generelly forgotten).

New plesticigers. Plastomeli TV had been stated at Iudwigshafen o
be cutstanding in elestrical properties when used as plasticiser for
polyvinyl chloride. Ilestomoll TV is an {average) Oy slcohol ester of
thicdibuiyric scids

((}734 [ k4 Sa G‘QO GE%GHEG:L{E)ES @




ibs

Similar claimsz were made by Troisdorf for Teolsn P, the phenyl
ether of beta-hydroxy methyl tetrahydronaphthalene -
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As is shown by the following figures for gpecific resistance
cotained by Troisdorf, the supericrity of these plasticisers over normal
Plasticisers is limited, and does not bring cable masses made from them
into the rubber insulation class, Fhilst Teolen P gives poor cold
resistance, DIlastomoll TV is good, even with the comparatively small
amount of this plasticiser used in the composition.

Comparison of properties of plasticised polyvindl.
chloride cable masges. '

Specific resigbance at “C
_ olms /om, Cold Resi

Camposition (fails impact
20° 80° test at 90 )
o Igelit PCU (grade K).
15 Pelatinol HS (Cg_
phthalates). 7 2,1 x 1012 L7 x 109 --»5‘D to -w-ifjo
15 Palatinol F ‘
(C7_g phthalates)
79 PCO
2% Flastomoll TV 2,8 = 1012 1.8 % 109 5% o -20°
67 BCU
53 Teolan P 505 % 1010 5.6 4010 1 445 %o & 10°

Production of cable mass at Troisdort.

Some differences exist between the procedure for cable masses znd
that for calendered sheet mass. Cable mass is not metually in producticon
The plant was inspected and information obtained from Drs R¥mm snd Raslf.
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Stabilisation of polyvinyl chloride, Stebiliser is addsd to polyvinyl
chloride for cable massges, in contradistinction 2o calendered soft
Mipoleme  The stabiliser at present used is alpha phenyl indole, 0.5%

Premixing, The polymer~plasticiser mixture is premixed in Werner—
Pileiderer mixers (400 liter capacity) as for calendering.

Rolling. The set of rolls used for mixing ceble masses consists of 2
normal Troisdorf Mipolam rolls (4100 x 400 mm. ) and 3 large rolls

(2000 x 750 mm.)s The latter sre celluloid rodls adapted for this pur-
pose.  They have no friction, and revolve at asbout 6 r.p.m. The set
of rolls is driven by a 110 KW motor through & countershaft in the floa.

The large rolls teke a charge of 150 XKg of composition and the
charge is worked for 30 minutes at 160 - 170°, The crepe is very
thick, sbout 2 cms. in a specimen seen.

Af'ter mixing, the orepe is cut off, and filtered to remove dirt
and lumps of unplasticised polymer, which can mar or wesken the extruded
cable covering.

Filtering is carried out in hydragalicelly cperated vertical cellu-
loid strainers, the cylinders of Whic%%.acketed for steam to give a
taperature of 160°%  The filters are circles of woven iron wire,
about 1 wm. diameter, with spaces sbout {1 - 1% mm. square. These
filters are supperted at the bottoms of the cylinders by filter plates
bored with many holes , those seen being about 5 wm. diemeter, The
filtered Mipolam passes through and is Fformed by them infco cords of
about this dlameter. The cylinders were spproximately 42" dismeter
by 30" high.

4 rolled-up "@olly® of Mipolam from the mixing rolls is placed in
the cylinder, and compressed hydraulically by the piston. The internal

Pressure was not exactly known, but was stated to be seversl hundred
atmospheres.,

The filtered Mipolam cords passing through the filter plate,
ftated to be sbout 5 mm. dismeter, are cut into lengths about 30 - 4O
“3« and sold as such for cable covering.

For production of the so-called "endless® cord, the filtered
Material is re-extruded and wound off on the fiber drums., This re-
&lrusion is expensive. The product has however the attraction to the
“able coverer of reguiring less attention when being used with a
SCrew extruder for cable covering. The dmm of cord is suepanded, on
¢ free axle rmuning through its central bole, near the hopper of the
®trusion machine, and the end of the cord led into the machine, The
PUl of the extruder screw is sufficient automatically to reel off the

SO J B,
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Gs Gramophone records bssed on pelyvinyl ciloride.

Deuische Grammophon G.r.D. He

P A
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Interviewed: Eerr Haertel, worts direcuiowr
Herr schmidi, works engineer.

The works of this compan are in a comperatively undamaged condition .
and at the time of the visit (22.9.45) were operating under orders of the | l
Military Governor producing sound records of or for the Belsen triale :

The object ©n visiting this factory was to check informaticn received 15
in London that polyvinyl chloride was being used in Germany for the pro-
duction of gramophone recoris. Herr Haertel denied any knowledge of this
development but said that Vowilith (polyvinyl acetate} and Troschell (a
shellac substitute based on aldol) had been employed.

The main constituent of war time gramophone records in Geifmany was
ground scrap records which were plasticised with Mowilith and a plastici-
ser TXH supplied by I.G.Farben, Ludwigshafen. The composition of this
plesticiser was not known to Herr Haertel nor was the exact grade of
Vowilith uteds 411 that was known was that the Mowilith was supplied by
I.G.Farben, Hochst,

The composition of the mix used was as follows :--

500 kgs ground scrap records
3 kgs Xowilith
£ kgs F¥H or natural ccpal if availsble

This wag compounded in the normal manner on mixing rolls and :
finally pressed into {inished records. Wnen natursl shellac was fresly 1
available the preferred composition was -- I

|
30% shellac ;

% slate dust |
187 silica
227 quartz meal. ;

An inspection of the process in operation was made but there did
not appear to be any novel features,

The scrap records were ground in a Mo. 4 Progress Mill (Niracle ;
type) mads by Fellner and Ziegler, Frankfurt-on~baln ijest, This mili |
has two sets of fixed teeth on the hinged front seciion and three sets
on the back, There are four hammer arms each with a swinging hamner
head with three strilking surfaces. These heads are forged from
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Cr.~ Ni steel and have approximately 200 hours working life. when the
heads fzail it is usually the outer grinder which fails. ihen this
happens the remaining portion of the striker is fitted in a holder and
used with only two striking pieces. The ring mesh Titted is metal pere
forated with 2 mm holes,

These Frogress grinders are fitted with roller bearings and heve
a maximum operating speed of 1700 rype.m. For grinding screps the
gpeed is 1200 r.p.m. The mill in use at the Deutsche Grazmophon
works has been running successfully since 1926, Previously a pin mill
was used but was unsatisfactory because it clogged up.

The ground material, mixed with the plasticisers is mixed on dif-
ferential mixing rolls of conventional type (size : length 1200 mm,
diameter, 400 mm, ) The rolls speeds and temperatures are -

Front roll speed 22 r.p.ms Tamperature 107 °C
Back roll % 24 Tepels w 150°¢

A 25> kg batch of the material is rolled in the normal msznner. Mater—
l1al which does not flux during the first passage through the rolls is
ceught on a sliding tray and picked up by cutting off a portiom of the
plastic mass and using this to pick up the loose dust on the tray. The
rolling time for a waterial using ground scrzp is % minutes and for a
composition of the preferred type containing shellac the time of rolling
is 14 minutes.

When rolling is complete, a point which is apparently only judged by
time end the skill of the operator, the sheet is cut off and passed
through even speed sheeting rolls.,  Immediately following these rolls are
four marking blades set at right angles to each other and six marking
wheels, These merk the sheet off into rectengles 6% x 5".  When the
sheet is cool it is broken by hand along the marked lines and the rect-
angular pieces are ready for final processings

This is dcne by preheating the pieces on 2 hot plate heated by
stean as 815 atle Three pleces are used for a 12" record. The pre-
heated material is moulded in a press hested with stesm as 8% atf end
vnder & ypressure of 85~50 kg/am® acter cooling the finished record is
removed from the press.

Troschell, the shellac substitute based on a2ldol, made by I.C.
Indwigshafen and sold by Venditor, Troisdorf was satisfacory in use hut

. ) : N . .
was upchtainable &uring the ware

ic sanples ol records mace from materizl contalning siowililtn werse
avallable. Those being made were produced from ground screp with a
amgll proportion of natural shellsc.
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endix 1

Ywvansiation of ledter from D,A &., Troisdorf, to Golourist Section,
i3, , Ludwigshafen, 14.3,41,

Vinnol HH,

We have tested the Vinnol HH of Dr, Alexander Wacker A.G,
submitfed tc us in respect of its suitability for the production
of plasticised masses,

Since we had shown in & preliminary experiment that the
material colours mich on the hot rolls, we added stabiliser DBG
to the mass,

The experiment was -

65 parts Vinnol HH
35 "  Trieresyl phosphate
2 "  Siabiliser DBEG (Diisobutylphenyl glycidyl ether)

The mass was worked on the rolls at 170 = 1750. It could
readily be rolled, but became reddish-brown in colowr, The crepe
was as usual pressed into sheets.

For comparison, lgelit FCU grade X, batch 1646 was worked
up according to the same recips, but without stabiliser. The roll
temperature was 160, The mechanical and electrical wlues obtained
gre set cut together in the sccompanying table, ¥Fram it ome
cbserves that the mass with Vinnol possgesses higher tensile strength,
& higher Vicat value, rat her better cold stability, and better
water resistance, In the matter of extension at bresk, stiffness,
and electrical values the masses are equivaleni, The improvement
in tensile strength, Vicat tests, and water resistance obtained with
Vinnol HH is quibe considerable,

The introduction of Vinmcl HH in vlace of PCU would be a
considerable advance,
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Comparigon of Vinnol HA with Igelit PCU

EBxperiment number X 2527 X 28pf
Recipe 65 Vimnol HH {k=50-90) 65 PCU (k=75)
35 C IL B 35 ¢ II B
2 LBz
Direct Aged Direct Adged
Tensile strangth = 5
Along rolling lins 355 28, 2hdy 218 ke/om
Across ® " 336 295 256 228 ¢
Zxtension at breszk -
Along 262 292 253 275 ®
238 270 278 267 H
Stiffness 7.5 3,9 7.6 L2 canlfg/c'n
Heat stability, o o o o
Vicat type 1250 11;_70 920 3;180
Cold impaect 4est 0 +5 +5 +5
Spec. resistancs, 1 11
direct .74 x 1011 1,09 x 1011 ohn x cm,
2l hr, in water 2.79 x 10 1L.42 x 10 "
Surface resistance,
direct 3 000 Q00 500 Q00 H cm
24 hr. in water 750 000 120 000
Intern., res, direct 3 000 000 3 000 000 "
24 hr, in water 1 500 000 1 500 QCO g
vi’ater take up at 20 0. 77 3.92 %
" 70° 12,3 27.2 %
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Appendix 2.

047, tranenarent soft Minclam shest for rzinecapes,

Formila ICY 5280
7% *gelit TCU grade G (polyvinyl chloride)
297 Plastomoll XP (tristhylene glycol ester of fore-run
e syathetic fatty acids)
1007
Tinting for 100 kg of mass.
5 g Vulkanechtblau GCF paste {Indanthrene Blue GG (I.G.))
Ce 73 g Vulkanechtviolett 3 BF paste

Manufacturing procedurs.

The rew materials, Igelit U, Flastomoll ¥, and colour,
are mized or gelstinised in the usual mixing mechines {stirred
apperatus), or in Werner-Pflelderer mixers at & temperaturs of
130-150°. The mixture is then thoroughly plasticised to complete
homogeneity on rolls st 160-170° The rolls are as follows -

Length of rolls 1000 mn.
Width of rolls 400 mine
Speed 15 repem.
Priction 1:1.53

3ize of motor L0 EK¥
Power usage 25=30 KX

or an averags, the rolling time smounts to 30-40 micutes for a
charge per roll of 15 kg. In general, three rolls in series are

sed simulianeously. The material is taken in pieces from the
rolic and fed between the upper end middle bowls of a three~towl
calendor, The calender has the following dimemsions -

Length of bowls 1300 mm.
7'idth of bowls 600 mm,
Speed 3¢5 = 14 repoms
Triction none
Temperature -

upper bowl 170 ©C.

middle bowl 1£0 ©cC.

lower bowl 155 ©C.
Motor =ize 22-110 K¥

Power usage 60 K¥
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The soft Mipolam sheet of thiclmess 0,12 mm. is procassed
at a wind-off speed of 7 meters per minute. The second bowl-nip
is adjusted for the exect thick ness by two regulating motors. As
i% is wound off the sheet passes first over a chromiwn-platad
2ooling roll lying behind the calender, then over a stenter
(Breithalter) and through a trimming machine with incorporassd
talcer, and is finally wound up on a pulp-bosrd spool, The weight
of a roll is about 30 kg,

Troisdorf, 29.9.1945.
Dr, R®" /Rk



