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Pilms are used in different sizes and shapest Heavy duty and garbage bage,
shopping bags, shrinkable film for small packages, shrink hoods for pallets, C A film
and HD film with paperlike features;

To reach the demand of a most efficient production of filus, DEMAG designed o
special screw geometry. By increasing the compression ratio (7t1) the energy is
sransfered from drive emergy into heat by shearing in the region of the transition som

A 1007 melt is the result at the end o¥ the transition sone.

This is obtained
largely independent of the output.

Since the high pressure drop at the end of the
transition rzone (compared with a 3-stage-screw) and the hight shear rate is effective
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enly for a very short periods the material will not be -omaged. in the meLering
zone the 100 . plasticiz d meterial necds no further heat. The barrel is cooled
with air and necds no intensive water cooling contrary to a j-gtage-screw. This
is the reasun why we save 157 of +the cnergy conswmption comparced with the

l-gtage-screw. This scr=. geomclry offers advantages:

- high cutput
- low melt tarperatures

- extremly good homogenity

jons lines for shrink films

Tue to0 the homogenized melt and low melt temperaturc a high output can be

cehieved. The shrink valucs can be customade. The tolerances are 6 to 87,

Paperlike film of high molecular high denaity polyethylene is produced on the
new dcsigned DEMAG blow film 1ine which consists of & GOmm extruder and a die with
a digmeter of 100mm to 200mm, The know-how iz concenirated on material/composition
and surface of die perts., Here as well it is the screw which guarantees good
plasticized and homogenized matcrial plus high output, Depending on resin and size
the outpvi wili be between 40-80 kg/h. The film thiciness is between 10 m to
100 m. Paperlike film substitutes

- PapLr wWrap
= tissue pape.

- bags of different sizes
- grease resistant paper
- labels
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Todays films are produced in many di“feren' wove orn cetrusion

lines.

Perhaps we thinrk of bags of differert sizer ant shapes,
heavy-duty and garbage-bags, shopping bags (in Furope), shrink-
able film for small packapes, shrink heegs for pallets, CRA

film and recently we think of HD-PF film with paperlike features,

The efficiency of an extrusion line for production of films is
.
judged by: .
- the highest possible output,

- the quality of film regardinp:
- homegenity, which should be possibly good,

- tolerances which should be very low,

and the operating safety and cimple handling.

Assuming that all modern mechanical knowledpe is realized in our
extruders, which grants a reliable operation and simple handling,
we may say, that process engineerinp of

- the unit screw/barrel
« die
- cooling ring,




decides about efficiency of an extrusion line,

The screw geometry has to be designed as follows:
= the melt be conveyed withont surging
= the output has to be as high as possible
= the melt temperature has to be as low as possible
= the thermal and optical homogenity of the melt should be .
optimal,

The blown film die should be designea in such a way, that:

= the melt flow is symetrically formed from strand into a
circular symetric *ube |

* differences in tension, which exisrs in the melt due to the
Screw process, are reduced by relaxation

~ the spider marks are not visible and measurable

= the die gap geometry is machined precisely (small tolerances)

* the geometry of the gap can easily be changed, if necessary,

The eeéling ring should be constructed in such a way, that:

= the cooling air conducted into the ring evenly and
additionally equalized in the cooling ring,

~ the cooling air is blown into the bubble at a constant speed
around the ecircumference of the gap,

= speed and blowing directicn of cooling air may be varied,

Screw design

Now i'would like to show you how DEMAG has improved the screw
geometry regarding above mentioned criteria.

Our developments started with the well-known 3-3tage-screw with
a4 long-metering section, which even stil} today is spread widely.
The homogenizing qualities of screws of this type were improved
doring the last years by using shear parts shortly before the end
of the screw.
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This screw has two grave disadvantages:

- at high outputs, that means high screw speeds, an increase
in melt temperature arisess in the 15 D long metering section
because of high shear rate and is even intensified at the
mixing part.

Only by intensive cooling it is possible to reduce this
increase in temperature partially.

- At larger output quantities the melt transition is moved to
the end of the screw. An additional increase in output can
only be obtained by lengthening the screw. This will lead
to 30 =~ 35 D screws, as well krown by all of us,

Here we started our development. By increasing the compression
ratio from 4:1 to 6 and even 7:1 the transformation of energy
from drive energy into heat by shearing in the region of thre
transition zone is intensified. In the transition zone the resin
is transferred from a solid to a plastic state,

The result is a 100% melt at the end of the transition zone.
This is obtained largely independent of the output, Due to the
substantially nigher pressure drop at the ‘end of the transition
zonhe (eamparedfwith a 3-stage-screw) the qua.ity of the mixture
is distinctly improved. The reason is the particle destructing
effect of the pressure drop.

This has an advantageous result on the homogeneous mixing of
master batch into the melt,

As the high pressure drop in connection with the high shear rate
is effective only for ¢ very short period the material will not
be demaged.

What does now happen in the metering zone?
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'As the granulate s Plasticized to a 100% at the end of the
compression zone, it is not necessary to add energy in this
section. For this reason we have distinclry enlarged the depth

of the thread in this area, so that the ratio of the depth
feeding section to metering section is 1,5 - 2:1, The result

is that at first the pressure drops, increasing later ayain to

the required tool Pressure at the end of he screw, Furthermore
tac melt temperature increases only slightly due to the low
effective shearing rate.

When using these screws it is sufficient to cos! the barrel

with air, contrary to a 3-stage-screw which requires an intensive
water cooling. This is also the explanation for the low energy
consumption when using the DEMAG step screw - as we call it -
compared with the 3-stage-screw. We save approximately 15%.

In the 12 D meterins section the material is homogonized and
mixed to an optimum. Due to the lower demand in rerard of
pressure drop and shear rate, the relaxation pProcess can already
‘start in the melt.

With extremely difficult mix ine problems, which have not yet ,
occured, it is theoretically and practically possible te instal
& nixing part for an intensive mixing into the metering nectien,

Paractical results for compl icated mixing operations were already

achieved, ,

Summarizing I may 88y that - due to the menticred measures - it
is ‘possible to offer a screw geometry which gusrtantees:

= high output &t

* low melt temperatures and

- extremely good homogenity,
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The blown film die

In the beginning T have indicated some requirements which we

have materialized by the following desipn features:

-.the dies are bottom fed.

- in long manifolds the melt has enough time to relax

- spider marks are eliminated by a breaker plate,
rot only visibly but also measurably. For highmolecular
weight hiesh density polvethvlene, polypropylene and
polyvamide, a spiral mandrel instead of a breakcr plate is
used.

- the die pap is machined to an extreme concentricity and
surface finish and in addition chrome-plated. This results
in small tolerances.

- the geormetry of the die gap (which is pap and land) can be
varied easily by exchanging the mandrel insert. Herowith an
optimum adaptation ir repard of strength and elongation in
machine and transverse direction, penetrating strength, tear
strength, shrink way and tension in machine and transverse

direction is achieved.

The cooline ring

The demands on the cooling ring are realized as follows:

- the cosling ring is fed in machine direction at 6 to 9
positions according to cize. The housing is constructed with
a great volume, so that at low air speeds a uniform air
dictrilutior can he obtained., This is supported by a triple

deflection inside the housing.

-~ the air leaves the ccoling ring pap with uniform =peed around

the circunference.

- 1o achicve the optimum speed andd Ylowing directions fer

Aifferert recins, film thickness and bubble shape
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‘(especially at high blow up ratios of L 1o €:1 a. yeo! for
shrink film and biaxal orientated paperlike film) the air ring
gap can be adjusted and the blowing direction can be varied by
changing the cooling ringilips.

Extrusion lines for shrink film and Paperlike film

In the following I shall discuss the consequences of thisg
development work on the efficiency of shrink-film-lines for
the production of pallet shrink film and of the recently

developped line for high molecular weight high density poly-
ethylene.

Shrink film

Shrink film faripallet hoods is nowadéys produced on 120 mm
and 150 mm extruders. According to the film dimension a die
with 350 mm to Yoo mm diemeter is used,

To achieve, for example, a film with 2,5 m lay flat width, the
bubble is blown up with a ratio of 3.5 to 4,5 to 1, This results
in a biaxial orientation of the film, Film thickness normally
used is loo am to 200 4m. The best possible shrink values are
50V in machine and S0% in transverse direction, By suitable
modulation of the melt flow in the region of the die gap and
the cooling in the region of the bubble expansion the shrink
values can be decreased from 50/50% to 35/35%.,

These above mentioned shrink values correspond with shrink
tensions and can also be decreased from 2.5 to 1,8 - to - 1,0 to
1.5 g per square mm,

Films with these properties are sold very successfally in
Western Germany at the moment.
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In this market alone approximately 6o o0oo metric tons of film
are produced,

The influence of melt temperatur{, die tolerance, die gap
geometry and cooling technique were discussed already., Shrink
values can be custom-made with existing know-how,

With our 150 mm extruder and 4oo mm die we act.ieve outputs of

450 kg/h  at 1o am

375 kg/h  at 125 am

350 kg/h at 1o pn

300 kg/h at 200 Vo
The thickness tolerances are in the region of $6 te g\,
The attainable shrink values (way/tension) are:

from 45/48% to 35/37% and
from 2.3/2.1 g/mm? te 1,2/1.5 g/mm’

With a 120 mm extruder the output will be appr. 28o kg/h,

These outputs can only be achieved because the extruder delivers
‘& homogenized melt at lower melt temperature (at melt index

ﬁf‘I = 0.1 - 0,3 g/10 min, 180 ® ¢ gnimt 250°C with a normal
t&rzg stage screw), which flows evenly in the die and has narros
tolerances. By intensive and uniform cooling an intensive cooling
and at the same time supporting of the big bubble is obtained

g0 that a nafe production can be guaranteed,

Paperlike film

Payerlike fxlm out of high molecular high density polyethylene
is produced on the recently developped DEMAG blown film line
which consists of a extruder and dies with diameter of 100 mm
to 200 mm,
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The nip roll stand can be height adjusted, the winders fer
windinp two single webs are driven directly by nc drives,

With the screw discussged already the high molecular HDh=PF g
extremely pood plasticized and homopenized, The die incor-
porates as é special feature a spiral mandrel which ig
designed according to rheclopical principles and therefore

eliminating spider marks,

The attainable fiim tolerances are:

at 1&3;@ ¢ 15%
at f?sa/m £ 1od
at ﬁaﬁ/ﬁ@ 2 7,88
at ieap L 5%

The output depends on resin and die size and will be between
4o and 8o kg/h,

Melt fracture can be avoided by developned know~how in material/
composition and surface of die parts,

The laying flat is effected in the best rossible temperature
range herewith avoiding wrinkles (this is pessible by means of a
height adjusted nip roll stand).

Then the lay flat film is trimmed and puided 1o the winder over
tendency driven deflector rolls. Here the sing e wel is weyrn
wrinkle-free and without build-yps,

The application of this kind of film in areas where ti1] parer

18 used promices a great arourt of ceorcuped poelyetiylene,
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Just think of the substitution of
- paper wrap
- tissue paper
- bags of different sizes
- grease resistant paper and
-~ labels.

This shows you ak%gady, how attractive t' s field will be in
future and which chanes in the market will arise, )

Our company is ready for the future by up-to-date development
and will help you with efficient lines to find the right .
start into this future, “ '
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I The Company: DEMAG Yunststofftechnik

DEMAG Kunststofftechnik i® a subsidiary corpany of DEMAC AG in
Duisburg whish is ore of the most important engireerung companies
in Germany. DFMAG Kunststofftechnik combines three companies
which are well known in the european plas+icsg industry, It ig
Ankerwerk Mirnberg GmbH, Stiibbe Maschinenfabrik GmbH, Kalldorf
and DUMAG Extzusionstechnik, Darmstadt. In the Beginning of this
year the three companies joint topether and built DEMAC Kunst-
stofftechnik which now produces and sells machines for the
plasticr Processing industry.

IT The Products of DEMAG Kunststaffteehnik

o et — s
The products of DEMAG Kunststofftechnik are:
1) ANKER injection moulding machine-
2) STORBE injection moulding machines
3) DEMAG extrusionslines
4) Polyurethar plants

1) The range of ANKTR injection moulding machines combines injeection
moulding machines for thermoplastics, thermosets and elastomers
incl. models with vertical clamp units, Multicomponent machine
for multicoler and sandwich-moulding,

2) The STOBBE injection moulding machines programme combines injgctianrf
moulding machines with clamping forces ?rcm 30 ts to 650 ts,
Beside standard injection moulding machines there are builr
machines for special purposes such as rc*ary table machines and
machines with vertical clamp unit which can be equipped with a
8liding table for insert moulds, .

3) DEMAG Extrusionstechnik develores, manufactures and sdles complete
extrusionlines for the following products:
= garbage films
- heavy-duty bags
= shopping bags
HD-PE film with paperlike features
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- household films (flat film extru-ion)

A
These plants incluce units for printing, weldling and for the

E ]
further manufacture to bagc or sheets,

4) Polyurethan foaring plants for the procucton of rieid
polyurethan components,









