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1.Techno-Economic Requirements of Food Packaging

Preface (1) (3)

Packaging is an indispensable aid for the transpor-
tation of goods in perfect condition from the producer
to the consumer. Technical, economic, legal, consu-
mer-related, and ecological requirements are o be met
at the lowest possible material consumption and eco-
nomic costs (conservation of resources and reasonable
costs). The demands define packaging of goods as a
task of optimization.

The combination of different demands from very
different sectors like

- packaging process

- transport

- warchousing

- wade

- consumer and

- municipal waste management

results in an interdisciplinary setting of tasks for pa-
ckaging engineering. The listing of the most impor-
tant factors to be considered in food packaging in
figure 1.1. shows that the task of packaging
enginecering extends to the creation of sysiems which
ensire

- perfect handling of the (usually automated) pa-
ckaging process

- compliance with logistic functions

- re-use, utilization or disposal of used packages
without creating problems.

Packaging engineering is in truth system
engincering.

Packaging is not just indispensable in the distribu-
tion of agricultural products to the consumer; proper-
ly designed it prevents spoilage of many food com-
modities between harvesting and consumption. This
is an eflective means of waging war on waste and an
important factor in agricultural development.

Special attention is paid to packaging needs 2 ., pos-
sibilities in developing countries, suggesting mate-
rials and methods of direct value 10 them, Neverthe-
less, no clear distinction can be drawn between de-
veloping and developed countries as far as packaging
is concemed, since there are developing countries

whosc progress in packaging techniques is very ad-
vanced, while there are industrialized countries whose
standard in the field of packaging lags behind
remarkably.

Vital factors in th: promotion of packaging are: in-
itial costs of installation and machine running; the
output 10 be obtained with standard packaging machi-
nes; limitations imposed; development in progress
and future trends; selection of systems designed to
achieve maximum output with minimum outlay whi-
le maintaining the required standard of quality .

1.1.Introduction (1)

In most developing countries food is bought in daily
rations; packaging plays therefore only a secondary
part. It is nevertheless important for the storage of
food between consecutive harvests, for making avai-
lable industrially produced food that is richer in nut-
rients from a physiological standpoint, for ail supp-
lies from distant countrics (such as animal protein),
and, quite generally, for the distribotion and export of
agriculural products. The imrortance of packaging
on the economy of a country depends therefore princi-
pally on the status of the food industry, on the exi-
stence of a stockpiling economy, and on the export
volume.

Points of decisive importance to packaging are:
available raw materials, the manufacturing processes
in use, and the manner of distribution to the consu-
mer. Selecting a packaging material is a complex
task. A certain produc’ may be frozen and cither wrap-
ped or bagged, canned, pack>d unfrozen into lilm bags
or glass rars, dried, or cven freeze-dried. In highly in-
dusaialized countrie: decisions about product prepara-
tion and parkaging follow two major principals:
costs and maximum scceptability in the market; du-
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ring the last few years health and environmcntal re-
quirements have also become important factors. In
less devcloped economies other factors must be taken
into consideration: availability of materials, special
storage-life requirements, and extreme conditions in
distribution.

1.2.General product-related
requirements (1) (2)

1.2.1.Introduction

Packaging should not be more costly than it is

necessary for the intended purpose.

markets. The consumer cxpects not only inte-
grity of product and package, but anticipates also
factual information concerning the product, such
as content, storage conditions and time, possible
uses cic. on the package.

Fig. 1.2. shows the main factors influencing a
packaging concepts and the most impostant factors
causing product-spoilage.

In most cases these kinds of spoilage may be greatly
inhibited by suitable packaging. Not so temperature-
induced (encymatic or microbial) spoilage, which can
be the most important one of these factors. For ex-
ample: If the storage time of a particular fruit is 4
days at 20 °C it may be 12 days at 2 °C. There are,
however, limitations because some varieties of fruit

DEGREE OF PROTECTION AGAINST

[HUMIDITY | [TEMPERATURE | [INSECTS AND MOULDS |

EASE IN MECHANICAL

HANDLING BY IPRICE l SALES

HANDLING DEMANDS

CONSUMER

APPEAL

IMPORTANT FACTORS FOR SELECTING A PACKAGING UNIT

Fig. 1.2: Important factors for selecting a packaging unit (1)

- The most important function of packaging is to
ensure the consumer’s supply with food of the
same hifb quality as in fresh food or in freshly

food. It must be known what mechanical
and climatic conditions a product will be
subjected 10, and also how much time will go by

between production and consumption.

- The packaging material has (0 be compatible
with the packaged product, ensuring that it does
not impart any odours or flavours (0 the product
and that no substances soluble in the product ha-

ve any toxicologic effects.

- Packages must be easy to fill and close quickly
and safely. The packed product has to be easily
distributed and stored. The size of the package
should be convenient for handling and con-
sumption. Opening and re-closing the package

should be easy.

- A packed product has to sell itself in self-service

are damaged by exposure (o low temperatures (6.g. ba-
nanas turn black when exposed to temperatures below
10°C).

1.2.2.Products tending to micro-
biological deterioration

The species of microorganisms causing spoilage of
fresh food depends on climatic conditions and is great-
ly influenced by pH value and moisture content of the
food. The growth rate of microorganisms responsible
for spoilage depends primarily on storage temperature,
on the relative humidity , and the composition of sto-
rage atmosphere, especially on its carbon dioxide con-
centration. Lowering storage temperature not only
proiongs the latent phase of the growth curve but also
lowers the inclination of the logarithmic growth pha-
se. Similar results to those with low temperatures are
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achieved by storage in carbon dioxide atmosphere. In It oficn happens that changes of a different nature oc-
this casc one must watch out for such side effects as cur simultaneously. For every product 10 be marketed
off-colouring. The usefulness of carbon dioxide in- onc must discover the change that will play the limi-
creases with decreasing iemperature. ting role at the proposed temperature. All preventive

mecasures have to be oriented on this dominant chan-
Various species of microorganisms can grow only if ge.

equilibrium relative humidity does not decrease below
a certain value. It may therefore be concluded that

whenever biological spoilage plays the decisive role, 1.2.3.Moisture sensitive products
keeping quality can be increased by preferably lowe-
ring storage temperature. If the storage temperature The relation between relative humidity and moisture
cannot be lowered below a certain limit then there is content of a product which is in equilibrium at the
no other option but to shorten the time between actual temperature is called the sorption isotherm for
production and consumption. walter vapour. The hygroscopicity of foodstuffs varies
in a wide range and must not exceed a safety limit da-
Chemical preservation is another way 10 increase the ring the product’s turnover time if it is to be protected
shelf life of perishable products. In this case micro- from any noticeable ...ange in quality. The ambient
bial spoilage is inhibited by bacterial substances, but relative humidity will, in general, be much greater
there are also undesirable effects to human health. than the equilibrium relative humidity over the dehy-
Therefore chemical preservation should be restricted to drated product in a package. This will cause a humidi-
cases where there is no other alternative. ty gradient from the exterior of the package to its inte-
rior. The permissible turnover time can be determined
Deep freezing, if properly done, leads to total inhibi- if the amount of moisture permeating the package un-
tion of microbiological spoilage if storage temperatu- der normal conditions, the filling weight, the initial
re is suffuciently low. Since deep freezing does not and the permissible final moisture content, and the
definitively destroy microorganisms and encyme sy- mean humidity gradient from the exierior to the interi-
stems, care must be taken that the food is consumed or of the package are known. If the calculated shelf
as soon as possible once the freezing chain is inter- life period mmns out to be too short, a packaging ma-
rupted. terial with lower water-vapour permeability must be
chosen.
Sterilization by heat, if properly done, also causes
total inhibition of all biological changes. After ope- The safety limits of dehydrated food as observed in ac-
ning a sterilized container, the contents are exposed to tual practice are in a small scal= dependent on tum-
reinfection and should therefore be consumed as soon over time and storage temperature. Even though
as possible. almost all products are liable to deterioration from a:l
causes of quality change, such as composition, prior
Dehydration, if propesly done, causes total innibition processing, and ambicnt atmosphere, it may be said
of all biological changes once a sufficiently low moi- that moisture content and temperature determine 10 a
sture content has been attained and maintained during high degree which of the changes is the limiting one
storage. All dehydrated products are hygroscopic and to the product. In general, the imperishability of dehy-
must be consumed more or less quickly after opening drated food, except that of fatty products with very
the container, depending (o their moisture sensitivity. low moisture contents, increases with decreasing moi-
sture content.

The main objective of all preservation methods is the-

refore wie inhibition of microbiological spoilage. ],2,4,0xygen -sensitive products

This does not prevent abiotic staleness. Abiotic

spoilage, however, usually proceeds at a much slower Oxygen absorption may be secn similar to water va-
rate and can therefore be detected at an earlier stage, so pour absorption. However the amount of absorbed
that its progress may be stopped. No general rule can oxygen is much lower. A considerable part of
be given as to whether staleness proceeds faster in dc- available oxygen is absorbed physically and can be re-
hydrated products or in sterilized non-dehydrated pro- moved by applying a very low vacuum.

ducts, since it depends more or less on previous pro-

cessing and the specific sensitivity of the product. A Physical absorption is followed by chemical absorpti-
hard and fast rule is that products more sensitive to on, which may cause the formation of objectionable
encymatic changes should be sterilized, whereas pro- flavours and odours. Oxidative changes, especially
ducts inclinca 1o non-encymatic browning and hydro- oxidative fat spoilage, arc accelerated by light rays.

lytic destruction should preferably be dchydrated 10 a
low moisture content or deep-frozen. Sincc many foods are morc sensitive 10 oxygen than
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1o moisture, it is advisable to recommend the storags
of oxygen-sensitive food in an atmosphere with low
oxygen content and the use of packages that are high-
ly impermeable to oxygen. Oxygen constitutes the li-
mitng factor for the storage of many dekydrated foods
like coffee, mashed potatoes, dehydrated meat, sliced
dry sausages, bacon, sliced hard cheese, dehydrated car-

To slow down auto-oxidative changes the partial
pressure of oxygen can be reduced by evacuation or
packaging uader inert gases like N, or Co,. Another
possibility is to increase moisture content. Increasing
moisture content, however, may induce browning re-
actions. Therefore the moisture content should not be
raised to 2 degree where these reactions become predo-

minant,

1.2.5.Light-sensitive products

Light energy may cause changes in flavour, colour
and loss of vitamines of light-sensitive products.The
energy content of light rays is inversely proportional
1o the wavelength. Ultraviolet rays are usually more

dangerous than the visual wavelength-range.

Simplifying the complex relations betwees: incident
light, light transmission, and reflection of the
packaging material and light absorption of the packed
product, one may say that the bigger part of incident
light energy which is not reflected or absorbed by the

packaging material will be absorbed by the product.

Depending on the colour of the package, different
parts of the spectrum are absorbed. Reduction of oxy-
gen contents helps also to lower the destructive effect
of light rays. Light-proof packages should be used for
highly Jight sensitive products such as dairy products,
cured meat, mayonnaise, beer, dehydrated tomato pu-

ree, and biscuits.

1.2.6.Products of high fragrance and

flavour sensitive products

Food is - with very few exceptions (c.g. spices) -
much more sensilive to contamination with off-
odours from adjacently stored smelly products than to

any loss of aroma.

For protection against any undesireable loss of aroma,
relatively efficient aroma proof films can be used,
whereas any migration of strong odours (especially
into fatty food) requires a hermetic package made of
tin-plate, glass, aluminium foil or multilayer combi-

nations with the required properties.

1.3.Specific product-related re-
quirements (1)(3)(4)(5)

1.3.1.Fruit and vegetables

1.3.1.1.Basic requirements for the
packaging of fruit and vegetables

The choice of packaging for fruit and vegetables de-
pends on the degree of respiratory activity of the
product, which is, for example, strong in the case of
leafy vegetables (which tend to dry out and wrinkle)
and berries, but rather low in wbers (which are dor-
mant) and root vegetables (which are also almost in-
different to loss of moisture). Packaging of fruit or
vegetables can increase keeping quality only slightly
or not at all and has predominantly hygienic
purposes. For quickly perishable fruit and vegetables
in packages it is much more important o maintain a
suitable low temperature. One must bear in mind that
centain tropical fruit suffer low temperature break-
down even at temperaturcs above freezing point. The
period between harvest and cold storage must be as
short as possible for all sensitive varicties.

The required water vapour transmission rate of the
package depends on the variety; perforated polyethyle-
ne or shrink packages (on trays) with open ends are
frequently used, since oxygen and carbon dioxide per-
meability are required. Packages should be transparent
wo allow visability of content. Wet strength is requi-
red for washed vegetables and soft fruit

To protect goods from mechanical damages, transport
packages and containers must be lined in a manner
that prevents goods from being tainted when stacked
(boxes made of polyolefins, foamed polystyrene
trays). Bulk height and number of layers depend on
the product to be packaged. Specially formed inserts
made of foamed or unfoamed PS, PVC, etc. are
recommended for very sensitive goods. Air circulation
should not be obstructed.

The size of retail packages should improve shelf utili-
zation, allow a more effective presentation, case the
transfer from shop 10 home, and should - above all -
be a measure of hygiene. The most suitable packa-
ging maturials are transparent with sufficient gas- and
water vapour permeability. More impermeable packa-
ging materials have to be suitably perforated.

Trays made of rigid PVC and PS (also foamed) are
recommended for very delicatc goods. Perforated trays
or small baskets are preferable for berries because
they avoid an accumulation of liquids. Sufficiently
perforated bags made of PE or nets or sacks made of
plastic fibres are uscd for heavy nominal contents.
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Trays of foamed PS which are wrapped with shrinka-
le films are very often used.

1.3.1.2.Bananas

The proper marketing of bananas depends on coatrol-
led artificial ripening in central ripening rooms.
Mixed ripeness is the greatest problem in the trans-
port of bananas. To avoid tkis it is important that
conditions of transport should approximate optimum
storage conditions for unripe fruit, which are a tempe-
rature of 13 °C and sufficient ventilation to prevent
any accumulaticn of sthylene in the storage environ-
ment. Bananas are usually packed as hands or fingers
in cartons or wooden boxes. Fibreboard boxes have

1.3.1.3.Citrus

Citrus fruits are transported successfully ev :n over
long distances at temperatures between 4 3 and 7,2
°C.

The most common containers have about 29 dm> ca
pacity, holding a net weight of just about 20 kilo-
gramms. Mesh and perforated PE-bags are wicely used
as consumer packages.

1.3.1.4.Pineapples

For long distance transport pineapples are packed in
wooden cases with wood wool as protective material.
A transit period of approximately 2 weeks at 10 °C is
about the maximum for pineapples, provided the fruit
is picked at the right stage of ripening. Care must be
taken to prevent the developement of water blisters
(cerestomella paradoxa).

1.3.1.5.Papaws (Papya)

Papaws are very difficult to be exported because of
their susceptability to storage and transit rots and be-
cause there are many different strains. Strains with
greater resistance to disease are usually of inferior fla-
vour. Rapid ripening at high temperature and humidi-
ty in ripening rooms represses mould growth.

1.3.1.6.Mangos

Mangos are generally picked in a hard, green conditi-
on and will subsequently ripen with good flavour.
Anthracnose is a problem in some countries but good
control of this disease has been obtained by hot water
treatment applied after harvest. Optimum storage tem-
perature is about 13 °C and storage life is 2 - 3 weeks
depending on variety. Controlled atmosphere and PE
bags extend storage life.

1.3.1.7.Avocados

Avocados, 00, can be picked in 7 green, hard condiu-
on. Fruit maturity, cultural prctices, variety, and cli-
matic conditions during fruit development affect the
sensitivity of avocados to low temperatures. At an
opilimum siorage temperature between 7 and 13 °C,
you can reach storagc life about 4 weeks. Controlled
atm ysphere and packing in PE bags will increase swo-
rage life.

1.3.1.8.Passionfruit

The purple passionfruit is onc of the most popular
sort of fruit grown in the tropics and sub-tropics.
Considerable loss in weight occurs during storage, but
this can be prevented by storage in PE bags. Optium
storage temperature S - 7 °C, storage life 4 - 5 weeks.

1.3.1.9.Litchis

Litchis become unsaleabic in 3 days. Stored at 7 °C in
perforated PE bags, a storage life of 3 - 4 weeks can
be obained.

1.3.1.10.Vegetables

Adequate ventilation of the package is the most im-
pertant factor in the transpont of vegetables in the tro-
pics, and spacers are often necessary in rail transport
to provide adequate ventilation for the bags. Washing
and prepackaging is becoming more wide- in
tropical countries and an extension of imperishability
using perforated flexible film bags has been obtained.

1.3.1.11.Nuts

Macadamia, cashew, and pecan comprise the majority
of nuts grown in tropical and sub-tropical regions.
The first two varietics are used almost exclusively for
processing purposes. Shelled nuts may be held in cer-
tain types of transparent gas-tight laminated plastic
bags under vacuum, carbon dioxide, or nitrogen for a
maximum of about 3 months at 21 °C. The limiting
factor is the gradual diffusion of oxygen through the
package and its influence on bruised surface regions.
For longer periods the nuts should be kept under refri-
geration.

1.3.2.Dairy products

1.3.2.1.Basic requirements for the
packaging of dairy products

Packaging for dairy products has o

- be in accordance with the respective food laws,
i.c. the usc of the packaging materials and
packaging accessories which come into contact
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wilk the iillea product must be allow=d for the
intended purpose

- be free of flavours and odours (particularly
products with litile aroma of their own are
damaged in quality by even small amounts of
foreign aroraa)

- have sufficient barrier propertics against
penctration of foreign aroma substances

- be low in germ content because of easy microbi-
ological spoilage

- guarantee sufficienbt protection against light

- be adequately resistant against foreseeable
demands of transport and storage

- be casy to open; it must ziso be possible to
empty the contents compietely

- be recloseable if the praduct is not used fully at
once

- have wet strength, waier- and praduct resistance

- have printing which does not rub off and is frce
of odours.

Moreover, com.posite packaging materials must not
delaminate.

1.3.2.2.Pasteurized milk, coffee cream and
whipping cream

Pasteurized milk and cream with different fat conteat
tends to
- spoilage by micro-organisias (which will be
increased by interrupted refrigeration)

- absorption of odours and flavours

- formation of light-induced off-flavours in
connection with oxidative processes.

Packaging materials and packages should meet the
following requirements:

- low bacterial counts (<10 - 50 counts/dm?)

- closures should be liquid proof and packages
should be tight enough to prevent flow-out of the
product and contamination with microorganisms

- no inherent flavours and odours and sufficient
barrier properties to prevent penetration of odours
and flavours

- sufficient light absorption for wave-length up to
550 nm
- sufficient wet strength,

PE-laminated boxes, cups made of PS, PP or PVC or
coextruded PE-films (dyed dark on the insidc) are sui-
table for imperishabilities of up to 8 days.

Up to one year-imperishabilitics in plastic containers
are only possible with adequate side-thickness and pro-
per lightproof dye (HDPE- or PP cups).

1.3.2.3.Aseptic packed and sterilized milk
or cream vith different fat contents

The most important specific scasitivitics are
- re-infection (microbial spoilage)
- adsorption of foreign odours and flavours
- formation of light-induced off-flavour through the
effects of sun-light or artificial light, particularly
in connection with oxidative processes.
Packaging must therefore
- be low in germ content

- be suitable for sterilization processes prior to
filling or if already filled

- becloseable in germ-tight condition
- be free of odours and flavours

- have sufficient barrier properties against foreign
aroma sul

- be light- and oxygen-proof
- have wet strength and
- be liquidproof.

Cups made of PS, PP or PVC are suitable for impe-
rishability of up to 10 weeks. Longer periods of
imperishahility are achieved by plastic cups made of
HDPE or PP with sufficient thickness in connection
with lightproof pigmentation or additional packaging
and by the use of composite packaging materials.

1.3.2.4.Sour milk products

The most important specific sensitivities of sour
milk products are

- spoilage due to micro-organisms (veasts, moulds)

- pgs}gcidiﬁcaﬁon at temperatures of more than
1

- whey-precipitation and deposits of gel, or

- decomposition of gel whilst whey is extracted
(yoghurt)

- absorption of forcign odours

- oxidative changes by light and the influence of
oxygen

- formation of carbon dioxidc (kefir, sour milk).
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Means of packaging h~ve {0 be water-resistant; they
must have sufficient wet strength; packages including
closures must be tight. Easy opening should be
possible and hygienic protection of the upper cup-ed-
ge is needed for drinking cups. One-way packages and
their seals have to be as sterile as possible or must be
sterilizable prior to filling. Gas drainage for products
that form carbon dioxide should be possible.

Yoghurt containers should have sufficient stability in
order 10 keep the yoghurt gel. Impermeability to fla-
vours, protection against light, resistance to ethereal
oils, fruit acids, and lactic acid are additional require-
ments.

Cups and dishes made of PS, PP or PVC (dyed suffi-
ciently light-proof and perhaps also PVDC-laminated)
are recommended just as much as prevalent plastic
packagings for durabilities of up to 6 weeks as do
cups that are formed just prior to filling, laminated
paper cups or aluminium-foiled combinations.

These means of packaging plus flanging seals (possi-
bility of gas leakage) are also a common solution for
products with strong carbon dioxide formation.

1.3.2.5.Butter

Slight desiccation (development of yellow oil edges),
accompanied by a change in tastc and appearance,
light- and oxygen-induced rancidness is just as much a
problem as the adoption of foreign flavours and
odours and the tendency to microbiological changes.

Packaging materials must therefore be resistant to
fats, have sufficient wet strength, and must be persi-
stent to flavours. Packaging materials with low water
vapour permeability like plastic-coated paper or PVC
cups are necessary for imperishability of even up to
12 days at 10 ° C. Imperishability of up to 3 weeks at
10 ° C can only be reached with means of packaging
that are impermeable to water vapour and light, e.g.
aluminium laminated composites or cups with the sa-
me properties. Longer imperishability can only be at-
tained at storage temperatures lower than 0° C.

1.3.2.6.Fresh cheese

Microbial spoilage, particularly due to yeasts and
moulds, precipitation of whey, sensitivity to light as
well as absorption of foreign odours and flavours are
specific sensibilities of fresh cheese. Packagings
should therefore be low in germs, seals should be
proof to microorganisms with adequate protection
against light (the higher the fat content, the more sen-
sitive); impermeability to flavours and odours, fat
resistance and impermeability to fat should be guaran-
teed. There should be as liule headspace as possible;
and easy opening should also be feasable (packages

for more than 25G g content should also be reclo-
seable)

Cheeses with little dry matter demand stable-formed
packages. Cups made of PS or PVC with adequate
sidewall-thickness are generally used. Forming prior
to filling is advisable for longer impernishability.

1.3.2.7.Semi-hard and hard cheese in porti-
on packs

Major problems are

- Spoilage due to yeasts and moulds

- temperature sensitivity (condensation of fat and
further ripening with changes in odour, flavour,
and consistency)

- sensitivity to light and oxygen

- desiccation in connection with loss of weight and
changes in consistence

- sensitivity against loss of carbon dioxide
- absorption of odours.

Means of packaging should be low in germs (particu-
larly mould spores) as well as fat resistant and grease-
proof. Permeability to oxygen, water vapour, carbon
dioxide, and also to odours should be low. Packages
must have sufficient tear- and puncture strength at
cooling temperature and should be hermetically seala-
ble (heat-sealable packaging materials).

Film combinations made of cellophane, PET-P, PA,
and polyolefins (particularly LDPE) are used. Lamina-
tion with PVDC, gas-tight films for evacuation such
as PVDC-shrinkable films or beuer still CO,- gas
flushing (which suppresses mould-growth) is recom-
mended for longer storage periods.

1.3.2.8.Processed cheese and preparations
with different ingredients and
spices

Microbial spoilage, desiccation, fat deposits, oxidati-
on, absorption and loss of odour, and the sticking to-
gether of slices are the specific sensitivities of proces-
sed cheese.

Packagings have to be low in germs and free of mould
spores, fat resistant and greaseproof, with low per-
meability 10 oxygen and water vapour, Other require-
ments are corrosion-resistance against emulsifying
salts and kitchen salt, rigidity (particularly in case of
cheese spreads) and temperature resistance (in case of
hot filling at 70 - 80 °C). Means of packaging should
not stick o the cheese, and the packages should be ea-
sy (0 open and recloseable.
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Plastic tubes, cups, and films (for hot filling), PV'C-
laminated films made of cellophane, PET-P or PA
and polyofins (for packaging under protective gas or
vacuum) arc used for imperishabilities of up to 3
months. Sufficient protection against light by means
of printing, dyecing or additional packaging shculd be

striven for.

1.3.2.9.Unportioned cheese

Basically all prerequisites mentioned above apply, but
they are very much subject to sort-specific sensitivi-
ties which cannot be dealt with in detail in our con-
text. However, it should be pointed out that cheeses
with spreading- or moulding formation tend to deve-
lop abnormal flavours in case of insufficient CO,-
permeability which does not take the respiratory
activity of ripening cheeses into account. Expansion
in volume must be taken into account in case of
ripening packaged cheeses. Ripening films must fol-
low the expansion in volume and allow for the gas

substitution needed.

Some typical examples of application to illustrate the

use of plastics as means of packaging are:

Swiss cheese in block form: Means of packaging
that are oxygen- and water vapour proof, fit tightly to
the surfaces and follow the expansion in volume, like
PVDC or PET-P, which is used in form of evacuable,

shrinkable, tightly closed bags or films.

Gouda: Evacuable, shrinkable bags of PVDC are

uscd as coatings.

1.3.2.10.Dried milk

The main sensitivities of dried milk are
Oxidation by atmospheric oxygen
- light-flavour

- hygroscopicity
- absorption of extrancous odours, and
- microbiological spoilage.

Packageing-properties must therefore meet all those
demands; they have 1o be recloseable in case of larger

portions.

These demands are met, for instance, by heat-sealable
combinations with aluminium foil, water vapour-
tight cardboard boxes with or without inner bags ma-
de of PVC-coated paper or PYDC-coated plastic film.
N,- or vacuum packaging in gastight bags or metal

containers allows durabilities of up to 3 years.

1.3.3.Meat and poultry
1.3.3.1.Portioned fresh meat

In general fresh meat is not marketable without that
bright <= cnlour formed by oxymyglobin under
access 01 wimospheric oxygen. This colouring keeps
only for a limited time and is also dependent on tem-
perature. Fresh meat is sensitive to desiccation and
oxidation under the influence of light, to absorption
of strange flavours. and most of all to microbiologic
spoilage. A storage temperature of -1 °C is necessary
for optimal imperishability.

Films for packaging must have great oxygen perme-
ability, moderate water vapour permeability, grease
resistance, and wet strength. The strength must be
sufficicnt for strains caused by cooling temperature.
Depending on each packaging procedure, streschability
or shrinkability as well as good heat sealability is re-
quired.

Suitable materials are: Soft PVC films (strezchable or
shrinkable) and tissue films made of oriented PE
(fitted to prevent water vapeur), cellophane films, co-
ated on one side only. Portion trays can consist of fo-
amed PS or PS with high impact strength. These
packages have above all hygienic purposes and coun-
ter any loss of weight.

1.3.3.2.Portioned minced meat

The mincing process makes meat highly liable to bi-
ological spoilage. Packaging has to mect the same re-
quirements as in the case of fresh meat. It is therefore
recommended to use the above mentioned packaging
materiz*  hile keeping a storage temperature bet-
ween -1 and +1 °C (never for longer than 24 hours).

1.3.3.3.Fresh meat in evacuated storage
packages

Fresh meat packed in large portions in order (0 mature
or 1o be a supply of stocks is particularly endangered
by microbiological spoilage; maximum hygicne du-
ring processing is therefore essential. Evacuation in
order to delay spoilage brings about a change in
colour, which is, however, 10 a large extent reversible
by access of air.

Storage should take place at a lemperature of 0 °C;
larger amounts of piling pressure should be avoided,
for such pressure favours the secretion of meat juices
(this is also the reason why meat is cut along fibrous
border lines).

Packaging materials must have very low oxygen- and
water vapour permeability. Resistance propertics
must furthermore meet the conditions of restapfing
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and transport. Gas-tight clipping or scaling must also
be possible.

Suitable means of packaging are: Bags made of
PVDC films, tubes made of PET-P or PA/PE-combi-
nations, bags made of PA/PE or PET-P/PE combina-
tions, for longer storage periods also PVDC-lamina-
ted.

1.3.3.4.Decp-frozen portioned meat

From the market's point of view bright red surface
colour is required. Deep-frozen meat 1aust be protected
against desiccation (frost blight), absorption of fo-
reign flavours, and the influence of light.

The means of packaging must have adequate surength
for the iemperatures applied and low permeability to
water vapour, light (unless stored in darkness), and
oxygen. They must also fit tightly to the products
packaged (stretchable or shrinkable, if need be also
evacuable).

Economy-sized packs use vacuum bags made of
PA/PE or PET-P/PE or shrink bags made of PVDC-
laminates or PET-P. For small-size packages, poly-
mer-coated cellophane (for decp-freezing) or polymer-
coated aluminium foils are used. Imperishability of
up 1o S months can be attained at

- 20 °C, cold resistant foils of low oxygen permeabi-
lity under vacuum at -30 °C bring up 10 9 months,
with primarely colour conservarion as limiting factor.

1.2.3.5.Deep-frozen minced meat

Basically the same requirements as mentioned above
are expected.

Plastic coated aluminium cups, bags made of alumi-
nium-compound foils, and cups or bags made of lar-
gely water vapour- and flavour zeoof heat-sealabie pla-
stics with adequate low grease permeability are used.

1.3.3.6.Fresh pouitry

Due 10 easy microbiologic spoilage, both, killing and
packaging procedures, must take place with as little
as possible initial microbial content. Too much expo-
sure to light is dangerous. Storage should take place
at less than 2 °C.

Means of packaging must have low water vapour- and
oxygen permeability, adequate strength at 0°C and
should be as streichable or shrink-able (depending on
packaging procedure) as possible.

Bags made of shrinkable PVYDC and PET-P and of
LDPE or netted PE are used. Packaging should fit
tighdy (shrinking, packaging under tension and/or
evacuating) and should have the lowest possible oxy-

gen permeability for storage. Heat-sealable films made
of ccllophane, PE or PVC, with presentation trays
made of PS, suffice for short tum-over periods.

Overwrapping with a bottom fold, with stretch film
on top and shrink film at the bottom is often used in
fully automatic packaging.

Imperishabilitics of up to 2 weeks are possible, if hy-
gienic standards have been maintained during producti-
on and if the refrigerating chain (0 °C) has not been
interrupted.

1.3.3.7.Deep-frozen poultry

Frost blight (changes in colouring and accelerated fat
rancidness), sensitivity to light, and absorption of
strange flavours are the main problems in storing
deep-frozen pouliry.

Packaging materials should be impermeable to water
vapour and oxygen, with as little translucence as pos-
sible (in case of the hazard of storage in full light).
Adequate resistance at -20 °C , and high stretchability
or shrinkability should make packaging materials fit
closely to the product (to avoid frost blight).

Films made of PVDC and PET-P tubes are the usual
means of packaging. A storage temperature of -20 °C
aiiows for imperishabilities of up to 9 months.

1.3.4.Pickled and salted meat pro-
ducts

Oxidation processes that are strongly accelerated by
the influence of light and by higher temperatures
bring about changes in the colouring of the red pickie
colouring matter and to fat oxidation, with the two
processes accelerating each other. Desiccation leads al-
so to changes in colouring and in consistency. Low
initial bacterial content has to be maintained, particu-
larly in case of cooked and cut pickled products.

Packaging occurs usually under vacuum or inert gas
(lowest possible oxygen content is especially required
in case of access of light) in oxygen-proof (and there-
fore also adequately water vapour-proof) films. Films
with lower impermeabilities can be used in case of
shorier wumovcr times and sufficient light protection
(additional packaging, aluminium composites, prin-
ting). The means of packaging must furthermore be
fat resistant and grease-proof, must show good heat
sealability and have to be strong enough o endure the
manipulations customary (0 wrapping.

Products less sensitive to oxygen (different kinds of
sausages) are not usually packed under vacuum (predo-
minantly hygienic protection), and sometimes a pro-
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cess of desiccation should be achieved by using water
vapour permeable films.

Film combinations made of cellophane, PET-P or PA
with polyolefins (particularly LDPE) as well as non-
transparcat combinatioas (P2'/PA/PE, PET-P/PA/PE)
are suitable for vacoum- and inert gas packaging. De-
pending on use, flat bags or deep drawn containers
with lid-films are applicable. Troughs may consist of
PET-P/PVDC/PE, PVC/PVDC/PE, PA/PVDC/PE
of combinations of PVC or PA with PE (sufficient
thickness of material). Cellophane/PE-, PA/PE-,
PVCD-, PET-P/PA/PE-, and PP/PA/PE combinati-
ons are used for sausages in evacuated packages.

Packaging without oxygen-withdrawal uses water va-
pour permeabie cellophane (different kinds of raw sau-
sages in natural sausage skins) or films made of
PVDC, PE, PVC, and water-repelient cellophane (raw
sausages in plastic sausage skins with low water va-
pour permeability). PS, HDPE, PVC, paper/PE, and
PA/PVDC/PE are used for delicatessen, depending on
. ishability required

Keeping quality of products for which desiccation (in-
crease of salt concentration, formation of a specific
micro-flora) is possible or even desired, is on princi-
ple higher than that of other pickled products; at very
best (high degree of dehydration, low oxygen content,
protection against light, small surface) keeping time
can be up to 4 months at 15°C.

Other pickled or salted meat products have mostly
high water content. Processing temperatures are not
sufficient 10 destroy germs (in particular spores); kee-
ping quality is therefore as a rule limited to up t0 3
weeks, even at lower storage temperatures (approx. 4
°C).

Sufficient protection against light provided, vacoum-
packed bacon can be stored up 10 4 weeks at 10 °C.

1.3.5.Portioned deep-frozen fish

Protection against desiccation (frost blight), light and
oxygen (oxidation tendency increascs rapidly with
rising temperatures, particularly in case of faity fish).
Lean fish develops a strawy consistence if stored at
insufficient cooling temperature.

Suitable packaging has to be resistant to lov :mpe-
ratures, and 10 a large extent impermeable & uxygen,
odours, and flavours, and must have high water va-
pour impermeability. Sufficient protection against
light is essential, particularly in case of fatty fish.

Products with low sensitivity (breaded or pre-fried fish
products) are packaged in printed cardboard boxes.

Packages for all othes products are made of PE-lami-
nated board (perhaps with separate insertable bags or
wrapping films made of PE/cellophane); vacuum
packages made of PE/cellophane or PE/aluminium,
boil-in-bag packages made of HDPE, PA/PE, PET-
P/PE, and shrink films made of PVC and PVDC are
also used.

1.3.6.Baked goods
1.3.6.1.Durable baked goods

Packaging of durable baked goods must first of all
differentiate according to the product-specific moisture
content. For products with little moisture, loss of
crispness is usually the dominating loss in quality;
additionally, changes in flavour due to oxidative
processes, loss of aroma and absorption of foreign
odours have to be observed. Microbial spoilage and
changes in consistency because of desiccation arc addi-
tional problems for products with higher moisture
contents.

Means of packaging should exhibit low water vapour
permeability, dimmish the influence of light as much
as possible, be nearly gas-tight, and have little oxy-
gen permeability. They must be resistant to flavour,
prevent transfer of flavours and odours, and also pro-
tect the product from mechanical damages.

PE- or PVDC laminated papers and boxes, weather-
proof and/or polymer coated cellophane, combination
films made of PE, PVDC, and cellophane as well as
aluminium-laminated foils or completely printed
films are used in many different ways.

Depending on fat- and water content, these products -
if suitably packed - keep quality between 3 and 12
months at 20 °C.

1.3.6.2.Freshly baked goods

Packaging engineering cannot prevent baked goods
becoming stale. On the one hand, water vapour dis-
charge should be possible in order 1o avoid the crust
getting stale (balance of moisture content between
crumb and crust); on the other hand there has 10 be a
counter action to desiccation and the connected
changes in consistency. Too much moisture, howe-
ver, stimulates growth of moulds and fungus.

In this case packaging has just a hygienic function
and the means of packaging sclected must have high
water vapour permeability but also prevent reinfection
as much as possible.

Wrappers, bags, and shrinkable films made of cello-
phane, PP, PE, and PVC, often perforated in order 10




1.Techno-Economic Requirements of Food Packaging Page 15

provide a better exchange of moisture, are used. Mo-
re sensitive products with fillings or fruit gamis-
hings are put on specially formed cups or trays
which prevent mechanical damage.

Water vapour permeability, fat resistance, grease
impermeability, and protection against light must
be demanded for fatty fine confectionery. However,
at the same time attention must be paid o the fact
that the danger of moulding in case of high equili-
brium moisture is very high.

Packaging of sterilized cut bread has to be water va-
pour proof and - even under conditions of sterilizati-
on - indifferent 10 odours and flavours. Suitable ma-
terials are PVDC-laminated layers, PE-laminated
cellophane, and PE-laminated aluminiom foils. Im-
perishability between 6 and 12 months can be achic-
ved.

1.3.7.Edible oil

Edible oil tends w0 become rancid in the presence of
oxygen. This is actuatcd and accelerated by the in-
fluence of light, particularly in the UV-range. Hea-
vy metallions (e.g. of copper, iron) and manganese
induce rapid degradation of ediblz oils and reduce
shelf-life.

Packages should protect against oxygen and light,
must be absolutely oil-tight and oil resistant, and

should have as little headspace as possible, preferab-
ly filled with inert gas.

PVC-botiles offer almost similar good protection as
tin cans or glass bottles, provided the special requi-
rements are met.

1.3.8.Dried food

Requirements on packaging materials depend, in the
case of dried food mainly on the respective product;
however, as a rule some basic packaging require-
ments must still be observed:

- water vapow- and oxygen impermeability
- protection against light
- resistance 10 flavour

fat resistance (for soup cubes, meat, fish, dried
soup, elc.

Sugar and salt are on the contrary rather insensitive,
except against high humidity.
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2.Plastics in Packaging Production

2.1. Fundamentzls of plastic
application in packaging

1
Favourable properties like
- low specific gravity,
- casy shaping,

- durability,
1 bari .
visibility of content,
- suitability for many purposes, and

- wide range of application by use of additives and
combinations of different plastics as well as
combinations with other materials (composites)

and their special combinatin mect the many demands

for the packaging of foodstuffs. Because of the wide
variety care must be exercised in the choice of film
used for any particular product. And knowledge of the
barrier properties of the most common films is there-
fore essential (Fig. 2.1., 22, 2.3.).

Plastics have many uses as means of packaging:
wrappers, bags, and pouches arc made from flat and
tubular films; cans, cups, anc trays are produced by
thermoforming; many articles are made by blow- or
injection-moulding. Other ficlds of plastics applicati-
on are shrink and stretch films, wrapping tapes and
tear strips. Additives like

- plmicim-

- processing stabilizers;

- lubricants;

- light stabilizers;

- toners, fillers, and dyestuffs;

- softening and antistatic agents;

- optical clarifiers;

- impact tougheners
extend Lie properties of plastics and, above all, im-
prove their processing:
However, additives should be applied as sparingly as
possible.

The still increasing variety of plastics (particularly in
technical use) and the wide range of application make
a comprehensive and still short description difficult,
Only a brief review can be given in this context.

2.2.Special procedures in
plastics packaging

2.2.1.Stretching

The utility of plastic films can be improved for
special purposes by stretching. Stretching brings ab-
out an oricntation of the molecular chains and increa-
ching direction crosswise. Biaxial stretching brings
about a general oricatation. Brittleness is reduced, and
there is an augmentation of rigidity and shock
resistance. Transparency and constancy of thickness is
improved, permeability against gases and vapours is

2.2.2.Shrinking

Shrinking is basically a relaxation of film-tension (in-
duced by stresching) by heat. The amount of shrinkage
and shrinking tension depends on applied temperature
and on the level of induced reversible deformation by
stretching.

The most commonly used films in shrink wrapping
are specified in table 2.4. by key data for specific pro-
pertics.

Shrinkage of film changes its propertics, affecting
some characteristics more than others.

Shrinkable films are used in food packaging for many
reasons, One advantage of shrink wrapping is the abi-
lity to wrap awkwardly-shaped articles such as poul-
try, ham, etc. In some cases it is possible t0 be more
economically efficient: Trays are usually provided
with a peripheral rim or bed in order 1o wrap the tray
with just enough film to cover the top and to shrink
round the rim instead of covering the tray entirely
with an ordinary overwrap. Shrink wrapping as a me-
ans of packaging for shipment becomes more and mo-
re important for economically efficient packaging, for
A further advantage of shrink wrapping over normal
overwraps or bags is an effective reduction of the risks
of mould growth or "freezer bum” (due to surface de-
hydration).

2.2.3.Heat-sealing methods

With the use of thermoplastic films, surface and weld-
type sealing have become important procedures in
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oclinlosics - x x x
low density polyethylene LDPE x x x x x  { x
high density polycthylene HDPE x «x X x x x
polypropylene PP x x x x x x
polyvinvl chloride PVC «x N x ® x x* x
polyvinylidene chloride PVDC x x
polystyrene **) PS x x) x
styrene biviny[***) SB x x
polyamides PA x x x
poly urcthane PUR ®
cthyiene vinyl alcohol EVOH x)
poly carbonate PC ®x x
polycthylenc ievephthalae PET (x) (x) x) x x
ionomeres ****) - x ® (x)
(x) only in special cases / rarcly used
hd compound material for boule closures
**) tansparent
*+*) impact resistant, opaque
...‘)e.g-mm
Table 2.1. Examples for the use of plastics in food packaging (3)
o o
§ 8 3
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=
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9 8 E 2R EEmz2 28 2 % %

high temperature resistance b S X x x X x x
great strength x*) x*) x*) x*% x S
high stifflncss x x

low water vapour permeability X X x X X x x

low oxygene permeability x x (® x x

_good weldability X X x X x

*) biaxially oriented
(x) moisture dependent

Table 2.2, Dominating packaging properties of plastic films and aluminium foils as well as board and paper for the
production of composite material (3)
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density rigidity tensile clongation temperatare  water vapour  Oy-pame-  CO,-perme-
strength sl rupture  resistanoe  permeability ability ability

(E-modulc)
@®m’) @N/mm?) Nmm?) (%) cO rmm andmm  an’'mm
mé-d mi-dbar mi-dbar
cellnlosics 1.10-145 ~3000 20100 670 4090 0,1040%) - -
LD-polyethylene 092 ~200 810 20700 80 016064  130-300  750-1780
HD-polyethylene 0.96 ~1000 1730  15-100 105-130  0,i6-0,17 50-110  120-370
polypropyiene 091 ~1400 200350 100 90-130 0,07-0,16 35-90 170320
rigid-PVC 135140 ~3100 S060 240 65-80 020-0,80 2-7 53-11,0
scft-PVC 116135 ~40 735 200450  65-80 32-15 - -
PVDC 165172 ~400 2135 bis250 7095 <02 <04 <23
polystyrene 104-106 ~-3000  45-55 35 70-80 200250  100-190  330-1200
polyamide 1.12-1,14 1800 4065 80-180  80-105 090-180 0660 25102
polyurethane 120 - - - 50-80 - - -
ethylen vinyl
alcohole 1,15-120 3700 S0 40-90 - <1500  <oo04) <110
polycarbonase 1.20 2300 60 60 100-150 025 6597  450-520
polyester 120-140 4000  40-60 24 90-120 032300 0945 57110
jonomeres 093097 200 14-16 350400 7075 - - -
1) in dry condition

2) depending on coating and moisture content
Table 2.3. Material key data (standard values) of plastics according 10 different bibliographical references (3)

Maximum Shrink Film Shrink Commercial Sealing
Shrinkage Texsion Temperature Tunnel Temperature

Range Range Temperatare
Range

— (%) N/mm? (w8 €0 €0
Low density polyethylene 15-50 0440 90-120 120-150 150-200
Polypropylene 70-80 2,142 105-140 150-230 160-200
Polyvinyichloride 50-70 1,0-2,1 65-150 110-155 135-175
Polystyrene 40-60 0,742 100-130 130-160 120-150
Polyester 40-50 49-10,5 70-120 110-155 -
Rubber hydrochloride 30-50 10-25 65-110 110- 150 80-120
Polyvinylidene chloride
co-polymer 30-60 1,0-1,5 65-110 110-150 80-120

Table: 2.4. Properties of shrinkable fiims (1)
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packaging. The main advantage of these joints and
closures is that they have about the same bammer qua-
lities as the packaging material itsclf. Especially in
food packaging for reasons of hygiene and keeping-
quality the package must be impcrmeable to dust, mi-
cro-organisms, liquids, water vapour and/or oxygen.

Weld type sealing is the fusing of two unsup-
poried thermoplastic films through the effect of heat
and, where necessary, also pressure. Immediately after
the welding process all welded joints are soft and
without any mechanical strength. The original
strength is reacquired after cooling off 10 about room
temperature; the fusing arca must not be stressed
during this cooling period. Most of the secaling
equipment include means to cool the seal after
welding by pressing the scal between to cold metal
bars. Only thosc methods in general use in the
packaging industry will be discussed here.

Surface type sealing is the fusing of the inter-
face thermoplastic coating of a multiple-layer packa-
ging material by the eflect of heat and pressure, where
at least one layer of the laminatc - the supporting lay-
er - does not tumn plastic at sealing icmperature.

A freshly made seal made by face-to-face sealing is far
less critical in the hot stage than a fused scal because
the supporting material is not changed in structure.
For the same reason it is unnecessary to cool the seal
under pressure. Very thin thermoplastic films (e.g.
heat sealable lacquer coatings on regenerated cellulose
film or aluminium foil as supporting material), can-
not produce drip proof and gas proof scals.

With the thermal impulse system the films are clam-
ped between two cold metal bars, fused by a short he-
at impulse and cooled down under pressure. Heat is
supplied by thin strips of resistance metal which are
antached to the bars, but electrically insulated from
them. The metal strips are heated up by a short cur-
rent impulse. Afterwards the heated strips and the fu-
sed films are rapidly cooled down due to the good
thermal conductivity of the water cooled metal bars.
The jaws are released, giving access 10 the fused seal
which has already cooled off properly and reachzd its
optimum strength.

One-sided heat sealing is usually sufficient for films
up 10 20 um, but not for thicker films. Sealing with
heating elements on both jaws have the advantage of
requiring lower temperature for the same heat transfer.
The seals produced by the thermal impulse system are
of excellent quality, not only in regard 1o their barrier
qualitics, but also in regard to thcir mechanical
strength. This procedure is not only used in large, ful-
ly-automatic packaging machines, but also in smaller
semi-automatic machines for the production and clo-
sure of flat or square bags and plastic pouches. There
are also more simple manually-operated machines

available for the sealing of packs and plastic pouches.

With the band sealer system the films to be fused are
clamped between two endless stecl bands and transpor-
ted consecutively between sets of heating and cooling
jaws. These thin steel bands have high thermal
conductivity; thus heat passes practically undiminis-
bhed into the film, allowing consequently a high sea-
ling speed ranging from 10 10 20 meters per minute.
If necessary, the endless steel bands with the welded
scal in between may be pressed together between the
heating and cooling zones by 2 pair of pressure rol-
less. Band rotary sealers are specially suited for the se-
aling of filled flat bags of widely different dimensions,
since the seals can have practically any desired length.
Such machines are available for semi-automatic or
manual operation.

Thermal impuise sealing and band rotary scaling are
not only feasibie for scaling unsupported films, but
also for sealing laminated packaging materials.

Hot wire, rod or flame radient sealing is only applica-
ble 10 thermoplastic films which can tolerate high
temperanwes for a short time and which have also low
viscosity in the fused stage. It is mostly used for the
manufacture of bags and pcuches from PE-tubes. Pla-
stic fiim wbe is cut at the desired spot by a glow wi-
re, heated metal knife, or small gas flame, the oppo-
sing parts of the tube being fused together in the same
operation. In advanced machines the welded seal can
be pressed between two cold metal bars to ensure that
the seal is drip proof. This system may only be used
for the fully automatic or stmi-automatic processing
of flat bags and plastic pouches from tubular PE-
films. ’

The hot bar system is the most popular system, be-
cause it is uncomplicated and practically fool-proof.
The packaging material is clamped between two per-
manently heated metal jaws; the joint is effected afier
a short dwell time. In processing thin films it suffices
10 heat only one jaw which presses the packaging ma-
terial against a cold, frequently resilient supporting
jaw covered with teflon or silicone rubber. Such seais
cannot be expected 10 be water vapour-, gas- or drip-
proof.

The hot bar system is used in

- automatic packaging machines for the production
and sealing of packs and for the sealing of over-
wraps

- sturdy small manually operated machines for the
sealing of bags and overwraps.

The inter-relationship of temperature, dwell time and
pressure must be understood in order to avoid defects
in weld and surface type sealing.
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2.3.Properties of the most im-
portant plastics for food
packaging (1)(2)(3)

2.3.1.Cellulosics

Transparent, low restoring force, high rigidity, low
friction, advantagecous cuiting qualitics, excellent
printability, impermeable (0 oil, resistant to tears and
liquids, bondable, with a tendency towards shrinking
and swelling. Low permeability to water vapour and
gas permeability dependent on moisture contents.
Reduction of water vapour- and gas permeability by
vamishing with cellulose nitrate varnish or, for even
better impermeability and sealability, with PVDC.
Used as wrap, for bag production, and as laminating
material for packaging sweets, bread, baked goods,
cheese spread, cream or soft cheese, grated cheese, eic.

2.3.2.Low Density Polyethylene
(LDPE)

This is the most commonly uscd plastic film for
packaging. Tough, transparent, low permeability 0
water vapour. Chemically very inert, practically
odour- and tasteless. High tear resistance and impact
strength, usable in a wide temperature range, very
good sealability, excellent shrink oility. LDPE po-
ssesses relatively high permeability to gases such as
oxygen and carbon dioxide and is therefore unsuitable
for packaging foods that are subject to oxidation or as
film for vacuum packaging. It is also permeable 1o
many essential oils, odours and flavours. Some oils
cause cracking of polyethylene when the material is
stressed.

LDPE film can be printed by normal processes such
as flexographic and silk screen after surface treatment
(gastiame, coronary electrical discharge).

LDPE films are used for bread wrapping, frozen food,
dried skim milk, sausages and meat pies. In the case
of wrappers for bread or similiar products too good a
moisture vapour barrier must be avoided because of
the risk of mould growth and softening of the crust. It
is used for frozen food because it is cheap and
resistant to low temperatures. For dried milk packa-
ging it is used in multi-layer bags.

2.3.3.High Density Polyethylene
(HDPE)

HDPE has a 2 - 3 times lower pcrmeability to water
vapour and gases as LDPE. It is also more resistant
o the passage of odours and flavours. It has higher
tensile strength, but lower impact strength. It can be

steam sterilized because the softening point is above
the boiling point of water.

Because of its high softening point and its good bar-
ricr properties, HDPE is used for packaging meals
which are cooked in the bag (before serving). It is also
used for the production of bottles, ransport boxes,
and cascets.

2.3.4.Polypropylene
(PP)

PP film is usually produced by extrusion into a chil-
led roller and in this form is referred to as "cast™ film.
The film so produced has a good standard of clarity.
Its permeability is similiar 1o that of HDPE, but it
can be Jowered by biaxial orientation of the film
which improves its propertics. PP has an even higher
softening point than HDPE but tends to brittleness at
lower iemperatures.

The cast film is used for bread wrapping and the ma-
nufacture of side-weld bags because it is cheaper and
has better heat seal properties.

Heat sealing of biaxially oriented PP is difficult
because orientation gets lost (and hence strength). One
way of overcoming that problem is multipoint cea-
ling but such seals are not completely gas tight. An-
other way is 0 coat the film with a lower melting po-
lymere (PVDC, modified PP). Soch films are appli-
cable for wrapping cheese, bacon, ccoked meats, and
especially foods sensitive 10 moisture and oxygen,
such as biscuits and potato crisps.

2.3.5.Polyvinyl chloride
(PVC)

PVC has a low permeability to oxygen but is more
permeable to water vapour than LDPE. It is highly
resistant 10 greases and oils, including essential oils,
This makes PVC suitable for food with strong odours
and flavours (e.g. fish), and with high oil content
(e.g. margarine).

Unplasticized PVC can be vacuum formed, in thick-
nesses down 1o 50 um for insert trays for boxes of
chocolates, biscuits and small cakes, for cups and
trays for fatty goods. With extrusion blow moulding
hollow articles such as bottles are made.

Plasticized PVC is a desireable packaging material for
special purposes because of its pliability but it should
not be used for fatty or oily foods (migration of pla-
sticizers).
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2.3.6.Polyvinylidene chloride
(PVDC)

PVDC was the first shrink wrap in use. The film has
an extremely low permeability to water vapour. It has
been used for short-term wrapping of cheese and as
shrinkwrap for ham and frozen poultry. Because of its
low gas permeability it is also used for vacuum pa-
ckaging.

2.3.7.Polyethylene terephthalate
(PET)

PET shows low gas permeability, while water vapour
permeability is slightly higher than that of LDPE. It
forms extremely strong films especially when oricn-
ted. PET is fat and oil resistant, odour and flavour
tight.

It is mainly used for thermo forming, the production
of hollow articles, and for processing crease proof and
tear proof composite films ( for bag production its
impermeability to gas can still be increased by meta-
lization).

2.3.8.Polystyrene
(PS)

PS is available as an oriented film that can be vacu-
um formed or used as shrink wrap. It is a very poor
barrier to moisture and fairly permeable to gases. It
is, therefore, mainly used for packaging fresh produce
which needs a "breathable” film. One of its main ad-
vantages is the fact that the film has a sparkling clari-
ty.

2.3.9.Polyamides
(PA)

PA has high transparency, abrasion- and scratch resis-
tance, durable bending- as well as mechanical
strength; it is resistant to fats, essential oils and hig-
her temperatures, odourless, free of flavour, has good
impermeability to gas, but lesser impermeability to
water vapour and fragrances. PA tends to swell by in-
fluence of moisture, which increases also its imper-
meability. Stretching increases tear strength and im-
permeability.

PA is used in composition with other plastics or alu-
minium for production of vacuum packaging, and al-
30 for wrapping (fresh mcat) bags (boil-in-bag packa-
ge), and for trough-shaped packages (e.g. for fresh
cheeses).

2.3.10.Polyurethane
(PUR)

PUR is ofien used as mixing adduct with glycol (that
improves flexibility and plasticity). However, it is
mainly used foamed as cushioning material

2.3.11.Ethylenevinyl alcohole
(EVOH)

In dry aunosphere EVOH shows the highest imperme-
ability to gas, but is very hydrophile. Therefore it can
only be used as barrier layer in composite films. The
use of EVOH for gas-tight packages is at time in the
stage of development.

2.3.12.Polycarbonate
(PC)

PC is transparent, tenacious and can be heat-sealed; it
is comparatively unbreakable, heat resistant, and
show; low water vapour-, but high gas-permeability.
PC is used in packaging for the production of bottles
(for pasteurized milk) and heat resistant films to fry
meat and poultry in bags.

2.3.13.Ionomeres

ionomeres are copolymerisates of ethylene- and carbo-
xyl-groups, show good transparency, high tearing- and
puncture resistance (particularly at low temperatures),
resistance against grease and organic solvents, and
good heat-sealability.

Jonomeres are used in composite films with cellolo-
sics, polyamids, and polyester for vacuum packaging
(cheese, meat products, etc.) boil-in-bag packages, and
also for the production of hollow articles.
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3.Quality Control

3.1.Introduction

Packaging materials and means of packaging have to
meet a number of requirements, particularly in food
packaging; these requirements have 10 be examinable.
A great number of specifications (drawn up by public
authoritics and economic institutions) exist for this
purpose in order to enable an impartial evaluation of
packages.

But before making a test for packaging materials or
packages, it is necessary to be absolutely clear about
its purpose. This remark scems superfluous; never-
theless companies not infrequently have performed
numerous tests, either without drawing any
conclusion from them or without recognizing that
they have little or no relation to the purpose of
testing. In both cases the test is useless and waste of
money. The application of standard tests guaranices a
high quality of the packaged products, a factor equally
important for export and home consumption.

There follows a description of frequently used tests.
Special attention will be paid to methods which per-
mit a satisfactory evaluation with the aid of imexpen-
sive apparatus. This is rather important, because labo-
ratories are usually only poorly endowed when a new
industry is in the making.

The main purposes for testing packaging materials or
packages are
- comparison with competitive materials
- comparison of the current supply of material
with the quality that was supplied the first time;

also regular checking of uniformity in new sup-
plies of packaging materials.

- quality checks during the production of packaging
matenials or packaged commodities

- evaluation of the suitability of a packaging mate-
rial for a certain purpose.

The last-named instance is of special importance, sin-
ce the developement of new packaging materials is
based on such tests and also since these tests play
such an important role in their acceptance for special
packaging purposes. In these tests these difficultics
have 1o be dealt with, especially with regard to proper
simulation of the hazards which packages may en-
counter.

For regular quality control it will be best to try to
manage with simple tests, especially in cases where
the suitability of the packaging material for its speci-
al purpose has already been proved elsewhere. The

number of tests to be made and the percentage to be
tested depend on the required precision of the test re-
sult. Such precision is contingent on financial consi-
derations and also on the risk whick the producer or
distributor of a faulty package has to run. In cases
where the contents of a faulty package can spoil
before the usual turnover time o, still worse become
a hazard 10 the healt: of the consumer, or where, for
instance, a leaking package is liable to ruin a score of
other packages, the test will have 10 be more severe
than in cases of simple paper bags or cartons to be
used for less sensitive products.

3.2.Methods and Standards

Since it is impossible to present here a comprehensi-
ve outline of all prevalent testing methods for tests
for plastic packaging materials and means of packa-
ging, there follows just a summary of the most im-
portant ASTM- and DIN methods and standards.

3.2.1.Thickness
DIN 53370

Determinztion of thickness occurs with a dial gauge,
one of whose measuring areas is flat grinded while the
other one is bended in a spherical indentation in a ra-
dius of 30 - 50 mm. Contact pressure must be bet-
ween0,) and 0.5 N.

The accuracy of measurement has to be 0,2 um for
material thicknesses of S pm, for thicknesses about
100 um the accuracy has (o be 2%.

The method serves for testing smooth, not embossed
plastic films and should also register possible diffe-
rences in thickness of a film sheet.

3.2.2.Tensile strength and elongation
ASTMD 882

The testing machine consists of clamps to hold the
sample, some means of gradually increasing the load
on the specimen until it breaks and indicators which
show the load and the amount of elongation.

To perform the test measured, gauged specimens are
clamped into the testing machine and stretched until
they break.

Tensilc strength is usually reported in pounds per
inch of width necessary to pull the paper apart, For
films, the usual units are pounds per square inch of
original cross-scctional area. Tensile strength is quite
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litcrally the amount of force necessary 10 pull a mate-
rial apart. The elongation is the amount a material
will streich before breaking.

Tensile strength is 2 most important value for materi-
als used in applications such as heavy-duty bags. A
large value for elongation is an index for toughness,
since it indicates that 2 material will absorb a large
amount of energy before breaking.

3.2.3.Tear strength
ASTMD 1922

A tear tester has a stationary clamp and a moveable
clamp on a pendulum, means for holding this pendu-
lum in a raised position, then quickly releasing it,
and a scale that registers the arc through which the
pendulum swings.

Sampies of paper or film are clamped into the tester
and nicked to start the tear; then the pendulum clamp
is released. This tears the sample and the scale regi-
sters the arc. As the arc is proportional to the tear
strength of the sample, calibration of the arc gives
the tear strength.

Tear strength is reported in grams. It is the force ne-
cessary o continue tearing a sample after a nick has
been made.

This test is very important for all films as well as for
paper. High tear values may be needed for machine
operations or for package strength. However, low tcar
values are necessary and useful for the easy opening
of some package types.

3.2.4.Impact strength
ASTM D 256

The pendulum impact tester can be used to measure
impact strength of papers, boards and films. An im-
pacting head on the end of a pendulum is swung
through an arc into and through the sample. The te-
ster has a means of measuring the difference between
the potential energy of the pendulum at maximum
height in free swing and the potential er “rgy of the
pendulum after rupture of the sample. This difference
in energy is defined as impact strength and is reported
in units of kilogram-centimeters, It is useful in
predicting the resistance of a material to breakage
from dropping or other quick blows.

A test similiar in scope, method, and significance is
the dant drop test (ASTM D 1709). A weighted dart is
dropped from standard height on to the taut sample.
Significance and purpose are the same as in the pen-
dulum test. Dart unit is the weight of the dan in
grams that breaks the sample 50% of the time. These
tests give an index of a material’s dynamic strength

and approximate what will occur when package is
dropped.

3.2.5.Bursting strength
ASTM D 2529, D 2738

The bursting strength tester, commonly called a Mul-
len tester, has clamps for holding the sample over a
rubber diaphragm and a motor that forces a liquid into
a pressure chamber under the diaphragm at a rate of 95
ml per minute.

The sample is clamped in place and the motor started.
The ligid, usually glycerine, is forced against the dia-
phragm until the sample ruptures. The pressure of the
liquid is indicated on a bourdon gauge.

Maullen burst strength is reported in points bursting
strength, which is the hydrostatic pressure indicated
on the gauge. It is of importance in material selection
for bags and is one of the tests that forms the basis of
determining paper "durability”.

This test is originally designed for paper and board
but sometimes used for plastic materials in pouches-
making. It is simple and fast, but its exact significan-
ce as an index of practical performance has been que-
stioned.

3.2.6.Compression strength
ASTMD 1164

The ring crush compression test is run on a tester
which has upper and lower platens (flat metal plates),
means for cxerting force on a specimen placed bet-
ween the two platens, and devices for measuring load
applied.

A strip of sample is inserted on its cdge in a circular
groove in a specimen holder on the lower platen. The
crushing force is applied to the long edges of the sam-
ple untif it collapses. The maximum load is recorded
as ring crush strength,

Ring crush strength is reported in pounds force. This
test measures the resistance of paperboard to edgewise
compression.

Corrugated and solid fibreboard containers are subject
to crushing forces in shipment. This test indicates ed-
gewise rigidity of the board. This information helps
board manufacturers to provide materials with the
amount of crushing resistance desired in the finished
container.

This test is, therefore, an index of the stackability of
filled containcrs.




3.Quality Control

Page 24

3.2.7.Fold endurance
ASTM D 2176 Method B

The M.LT. fold endurance tester (there are others but
the MI.T. is preferable as it is applicable to materi-
als of any thickness) has an upper spring load clamp
which moves only up and down, an oscillating fol-
ding head which supports the smooth, folding surfa-
ces, a driven device to provide rotary oscillating moti-
on to the foiding head, and a counter 10 register the
number of folds.

The sample is clamped into the folding head and the
upper spring-loaded clamp is depressed by a weight
equivalent to the desired tension on the sample. Then
the sample is clamped into the upper clamp and the
tension applied. The motor is started and the sample
folded until it is severed at the crease.

Fold endurance is reported as the number of double
folds required to sever the sample.

This test was developed for paper 2nd is an index of
durability for some uses, but may be applied even for
plastic sheet materials.

3.2.8.Water-vapour transmission
ASTM E 96, Method E

Apparatus for WVT testing includes test dishes, ana-
Iytical balance, a desiccant, and a temperature/humidi-
ty controlled test chamber. Water vapour from the
chamber permeates the test material to absorb on the
desiccant. Before and after weights of the test dish
show the water vapour transmitted.

The usual units of WVT are grams of water passing
through one square meter of test material per twenty-
four hours at a specific temperature and humidity dif-
ferential. WVT is significant for packaging products
thut must be protected from gaining or loosing moi-
sture to the surroundings. ASTM D 1251 is a related
method that tests the actual package.

3.2.10.Gas transmission
ASTMD 1434

Specially constructed cells are used to measure gas
transmission rate. After a film sample has been clam-
ped into the cell, test gas is flushed through chambers
on both sides of the sample. Test gas is admitted to
one side of the sample, the test chamber on the other
side is evacuated and gas is allowed to permeale
through the film sample into the evacuated chamber
for a measured length of time. Using the geometry of
the cell and the film sample, with the measured pres-
sure and temperature of the test gas which permeated

the sample, the gas transmission rate can be calcula-
ted. Gas permeability is usually reported in cubic cen-
timeters of the gas that passes through a square meter
of film in 24 hours when the gas pressure differential
on one side of the film, at a specific temperature, is
one atmosphere higher than that on the other side.

The gas transmission rate is vital in vacuum and gas
packaging for fresh produce items that must breathe.

3.2.14.Influences of odours and fla-
vours
DIN 10955

Odours or flavours migrating from the packaging
material respectivly odours and flavours from the
surroundings permeating into the product are deter-
mined by sensory evaluation.

It is possible to examine either the (operationally
defined) headspace of the packaged product (odour
transmission from the packaging material or the
surroundings into the headspace) or a flavour trans-
mission from the tested material or the surroundings
into a testing substance.

The particalar procedures to be used cannot be explai-
ned in this context, but there are exactly defined tests
for a multicude of applicable cases.

Interpretation and statement of test results can be ga-
thered from appropriate testing patterns.

3.2.15.Haze
ASTM D 1003

The haze of transparent packaging materials is measu-
red on a special hazemeter which has an incandescent
light source and geometrically arranged photocells
that measure transmitted and scattered light.

The sample is placed between light source and photo-
cells. The a:nount of light transmitted by the sample,
the light scattered by the sample and the instrument
and the total incident light are measured. From these
values the percentage of transmitted light which is
scattered can be calculated. The hazemeter measures
thesc variables and interrelates them so that the per-
centage of the scatiered light can be read on the meter.
This test is important to products or in uses where
true colour and visability are required.

3.2.16.Specular gloss
ASTM D 2457

Gloss is measurcd on a glossmeter. This instrument
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has an incandescent light source and a photosensitive
receptor that responds to visible light.

Light shines onto the sampiec at a specificd angle. So-
me of it is reflected onto the photosensitive receptor.
The fraction of the original light that is reflected is
the gloss of the sample.

Gloss is an important merchandising factor and this
test makes it possible to specify and control this sur-
face characteristic to assure the desired effect.

3.2.17.Light transmittance
DIN 10050 Bl1. 9

Light transmittance is determined with an Ulbricht
cell in a wavelength range from the near UV up to
the visible light. Light intensity is measured at the
free inlet of the cell and cfierwards with the sample fi-
xed in front of the inlet.

If the sample’s light transparency is influenced by
moisture content, then the sample has to be conditio-
ned prior 10 measurement.

3.2.18.Microbia! content
DIN 10050

The testing material is put on a nutrient agar in petri
dishes and softly pressed against it with a Drigalski-
spatula. The sample part facing the product has to lic
upwards; a thin layer of nutrient agar (48 °C) is pou-
red onit.

Evaluation takes place after three days of incubation
at 25 °C.

Bacterial count is determined macroscopically by a
count of the colonies.
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1.Plastic materials

1.1.Classification 1.1.3.Thermosets

1.1.1.0sciliation Twisting Test Cured thermosciting materials arc completely cross-

Elastic propertics, expressed by the shear-modulus,
dependonthetmpentme. SCHMIEDER-WOLF
based a measuring method for the classification of
polymers accordiag to a plrysical interpretation oa this
depeadance. This method is called oscillation twisting
test, based on DIN 53 445, and gives the temperature
functions of the shear modulus. The G-T-function
results in the classification of plastics.

1.12.Thermoplastics

'l'hu-ophsticsmnotmlinbdadsotheirm-
lecules are pnupallym&k against cach other.
Below glass transition temperature Ty there is no
m&mmbunptolhedempom
temperature T; the consequence is macro-Brownian
shear modulus disapears above the glass transition
tanpamandmkspmeasingoﬂhcmckpw.i-

!-";l.l.slwwsthefuncuonsformphmsandays—
talkne thermoplastics.

E
E
z
[
™ AT
1)
=
£
z
(-]
T " % %)

Fig1.1. Definition of thermoplastics by G-T-function

linked, and thus their molecules can never fully move
aanygwcntunperamThwshurnodnlssnem
less than 10 NA~m™. This means that cured thermosets
are oot fusibie and have a relatively high heat distor-
sion stability and a higher shear moduls. The glass
transition temperature Tg is above S0°C according to
defimition. Up to this temperature, evea at room tem-
perature, thermosets arc energy-clastic. Micro-

Brownian motion occurs above 50°C,
macro-Brownian motion is

THERMOSETTING
not prssible (Fig.1.2.).
o«
E
£
Z
(]

G 10Mimm?
7, -1

g"

Fig.1.2. Definition of thermosets and clastomers by
the G-T- function

1.14.Elastomers

Cured clastomers are completely, but loosely cross-
linked, and their molecular segmeats ase able to move
even at low temperatures. Because of the cross-linked
structure a certain flow may occure at low temperatu-
res. So it is evident that this material has a low E-mo-
dulus. The definition of the glass transition temper-
ature Ty is below 0°C. Elastomers are entropy-elastic
above this temperature, cven at room (cmperature

(Fig1.2).
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1.1.5.Thermoelastics

Al present this group oaly includes PMMA and some
PUR-compounds. The definition is basically the same
as with elastomers, but instead of a chemical cross-lin-
king there is a mechanical cross- linking, and a glasg
transition temperature Tg above 0°C.

1.16.High Temperature Resistant Poly-
mers (HT-Plastics)

Alhoughl-l'l'malcrialsareno(cross-linkedthcybe.
have n the oscillation twisting test like thermosets
because of the low molecular movability.

1.2. Survey

In order to achicve a better survey in the classification
of plastic materials, the economical aspect will also be
coasidered besides the technological point of view
(Fig.13).

Velumae (mitiias )

[ 8] 3

Fig.13. Volume price relationship of plastics.

Thus it is necessary to introduce terms as "standard
thermoplastics™ ("commodity plastics™), "engineering
thermoplastics”, and "high temperature resistant po-
lymers™. There is no definite principle as to which
plastic materials may be ranked under any of the terms
mentioned above. Production statistics of industrial
countries, however, show that the term standard pla-
stics partically refers to the polyolefines PE and PP,
styrene polymers (PS + copolymers) and PVC with
copolymers, because at present these groups of mate-
rials alone amount up to more than 75% of the total
plastics production.

"Engineering thermoplastics™ and "High temperature
resistaat polymers” are of less importance by quanti-
ties but because of their special characteristics they
contribute substantially to the technological and eco-

nomical success of plastic materials.

Finally, there is the group of experimental products
with tailor made charactenistics. Commercially, they

are produced in such small quantitics that they have
not been considered within the scope of this manus-
cript. In this paper the following privat practical clas-

sification is introduced:
Thermoplastics:
Standard thermoplastics

Ethylen pobmers (PE-LD, PE-LLD, PE-HD,
PE-HMW, PE-UHMW, EEA, EVA, EMA)

Polypropylenes (PP)
Styrene poiymers (PS, BS, SAN, ABS, ASA,
SMA)

Vinylchloride polymers (PVC-U, VCVAC,
VCVDC, PVCC, PVC-P)

Engmectinglhermoplasucs(E>ZSNNImmz
o>50 N/mm’ , T>100°C)

Polyamides (PA 6, 66, 610, 612, 11, 12, 6-3-T)

Linear polyesters (PETP, PCT, PETG, PBTP,
PAR)

Polycarbontes (PC)
Polyacetales (POM, PEOX)
Polyphenylenoxides (PPO)
Polphenylensulfides (PPS)
Sulfone polymers (PSU, PPSU, PES)
Polyetherketons (PEK,PEEK)

Specialty Thermoplastics:
Cellulosics (CA, CAB, CB, CP)
Specialty polyolefines (PB, PMP, Ionomer)
Vinylidenchlorid polymers (PVDC)

Thermoplastic fluoropolymers (PCTFE, ECT-
FE, ETFE, FEP, PFA, PVA, PVDF)

Thermoplastic polyimides (P1)
Thermoplastic elastomers (TPE)
Thermoelastics:
Acrylics (PMMA, AMMA, MBS)
Thermosets:
Unsaturated polyesters (UP)
Epoxies (EP)
Polyurethanes (PUR)
Phenolics (PF)
Aminos (UF, MF)
High Temperature Resistant Polymers (T >250°C)
Polytetrafluoroethylenes (PTFE)
Thermosets polyimides (PI)
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13.Standard Thermoplastics
1.3.1.Ethylene Polymers "1

~le—t] —
Standardization: ISO 1872 [ - ] .
(LDPE, LLDPE, HDPE)

Significant properties: Density 0,918-0,960 g/cm un-
polar, crystalline (40%—&)%) opaquc, T.=105 to

hty,bwwalervapourpermeabihty

Fig.1.4. G-T-function of PE

Property Density 1 MFI{(M1)
Tensile strength 1t t
E-moduls tt t
Hardness t t

Mekt temperature t -
Brittieness temperature ) 'y
Impact strength t tt
Swelling 1 )
Permesbility } -
Crazing 1 i
Transparency ] -
Puidity ) $d ]

Fig.1.5. Propertics of PE depending on density and
MF1

Specialty grades:

LLDPE (lincar low density PE): higher impact
and tear strength, higher melt temperature,
lower strains in film blowing (lincar molecules
relax and slide by each other without develo-
pmgsngmﬁan(strm),reqmrememdlong
barrel machines. Example of application: pak-
kaging films.

HMW PE (high-molecular-weight PE): My
between 300 000 and 5 000 (ll)g/mol. lngll

UHMW (ultrahigh-molecular-weight PE): My
between 3 to 6 millions g/mol, highest abrasion
mnstance,cmeptmalmpactrmmm
al cryogenic temperatures, Jow coefficicnt of
friction, excellent crazing and chemical resi-

falqncmnee.Mamlypmmedby
a modification of the compression molding
technique. Example of application: pumps and
valve parts in the chemical industry.

Crosslinking PE: Crosslinking by organic per-
oxides or by radiation, network structure, ex-

cep(malh:ghnnpaarmanceandmmg
resistance. Example of application: floor hea-

ting pipes.

Important processing techniques: Injection moldmg
(Tp= 160-3(I)'C,T¢-20-70'C,s 1,5-4%),

13.2.Polypropylenes (PP)
P
Standardization: ISO 1873 _ {f_f] _
” r "o’
. N
} N—
1 TN
Qv — N\
a— 1
[
S S A
: “.‘.
f

‘m " T Yy wm = =
Fig.1.6 G-T-function of PP
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Significant propertics: Density 0,90 g/cm’, unpolar,
crystalline (60-70%), opaque. Ty =165°C, Ty =0°C
(), propertics similar to PE, higher temperature resi-
stance, higher crazing resistance, lower impact

strength.
Specialty grades:

Copolymers with PE, improved impact
strength.
PP-clastomer blends with EPM and EPDM.

Important processing techniques: Injection

molding
(Tp=170-300°C, Tc=20-100°C, s=0,8-2%). extru-

sion (shost compression screw), blow molding, ther-
moforming, machining, welding (heat clement,
friction), boading oaly with surface treatment (see
PE).

13.3.Styrene Polymers

133.1.Components: \

&, e—0
Homopolymerization Copolymerization with AN

jlends with Styvrene Slends with

Zlastemers - Elastomers
Polymerization with Copolymerization
Elastomers with AN+ 8

c

Fig 1.7. Chemical relationship of styrene polymers

(e k-G

styrene (3) betadione (8) ssrylesitell (A)

PS (homopolymer) = -§-§-§-8-8-8-S-8-§-S-
BS (copolymer) = -S-S-S-B-B-B-B-S-S-S-

BS (polyblend) = -B-B-B-B-B)  (S-S-S-S-
ABS (copolymer) = -A-A-A-B-B-B-B-S-S-S-
SAN (copolymer) = -A-A-A-$-S-S-S-A-A-A-

1.3.3.2.Polystyrenes (PS)
Standardization: ISO 1622-80

Significant properties: Density 1,05 g/cm’, amorp-
hous, transparent, Tg=80°C. Clear, glossy surface,
high stiffness, good dimensional stability, good elec-
trical insulation properties, very low impact strength,

UV-degradability, brittle fracture, limited chemical
resistance, crazing.

Important processing techniques: Injection mol ing
(Tp=180-250"C, Tc=30-60°C, s= 03-0,7%), extru-

sion, thermoforming bonding, welding, foaming
(EPS).

- r
Fig 1.8. G-T-function of PS

1333 Styrene-Butadienes (SB, BS)
Standardization: 1SO 2897 (potyblend, copolymer)

Significant properties: Density 1,04 glan3, amorp-
bous, normally not transparent, Tg=85"C, good.dl-
mensional stability, good clectrical insulation
properties, good impact strength.

Important processing techniques: Injection molding
(Tp=180-250°C, Tc=20-70°C, s=0,4-0,7%), extru-
sion, thermoforming, welding, bonding, machining.

)
- \)
\
r T ¥ ¥y

Fig.1.9. G-T-function of SP (BS)

1.3.34.Styrene-Acrylonitrile-Copolymers (SAN)
Standardization: ISO 4894

Significant properties: Density 1,08 g/cm’, amorp-
hous, transparent, clear, Tg=85° C, high hardness,
high stiffness, fair impact strenght, good electrical
properties, high gloss.
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Important processing techniques: Injection molding
(Tp=200-260°C, T,=40-80°C, s= 0,5-0,6%), extru-
sion, blow molding, thermoforming (130°C), welding,

s,

=
/

—

F s ] —I'_l- b
Fig 3.10. G-T-function of SAN

1335 Acrylonitrile-Butadien-Styrene-Polymers
(ABS)

Standardization: ISO 2580 (polyblends, copolymers)

Significant properties: Density 1,03-1,07 gem’,
amorphous, normally not transparent, high impact
strength also at low temperatures (up to -40°C) good
thermati resistance, low gloss.

Important processing techniques: Pre-drying recom-
meaded, injecti on molding (Tp =200-270°C, Tc =40
85°C, s= 0,4-0,7%), extrusion, blow molding,
thermoforming (140-170°C), bonding, welding, dra-

wing (stamping), machining, galvanizing.
I~
: A 1
\E
1\
+
\
1
¥

Fig.1.11. G-T-function of ABS

13.3.6 SAN-Acrylic Ester Modification (ASA)

Significant properties: Density 1,07 g/cm3, amorp-
hous, not trans parent, extremely high impact
strength, good crazing resistance, good weathering
behavior.

Important processing techniques: Pre-drying (2h at
80°C), injection molding (Tp=200-250°C, Tc=>50-
80°C, s = 0,4- 0,7%), extrusion, blow molding, thermo-

‘orming (140-170°C), bonding, welding, machining,

Aamping.

)
|
|

(ry M

b }

's 3 ¢ ° @ @ =t
Fig.1.12 G-T-function of ASA

1.3.3.7.Styrene-Maleic Anhydride (SMA)
(Polyblends, terpolymers)

Significant properties: amorphous, not transparcat,
major characteristic comparcd with ABS or SAN is

the improved heat resistance up to 120°C, good creep
resistance.

Important processing technique: Pre-drying (2h at
100°C), injection mold'ng (Tp=230-265"C, s=04-
0,6%), extrusion, blow molding, thermoforming, bon-
ding, welding.

1.3.4. Vinylchloride Polymers

1.34.1.Unplasticized Polyvinylchlorides (PVC-U)

Standardization:

N H
| |
1SO 1060 (PVC) f"f -
ISO 1163 (PVC-U) " [ ]
Polymerisation:

PVC-S (Suspension, 83%): VC droplets are
suspended in water by means of protective k-
quids, particle size 100-160 #m.

PVC-E (Emulsion, 8%): Similar to the suspen-
sion process, larger quantities of emulsifying
agents, particle size 0,5 #m, used for plastisols
and organosols.

PVC-M (Mass, 7%): VC is polymerized in the
absence of any other medium, pure material,
particle size about 100 um.

PVC-L (Solution, 2%): VC is dissolved, used
for specialty grades (film forming properties).

Sigr.ificant properties: Density 1,38-1,41 ycms, (1,55
g,/cm3 PVCC), mainly amorphous, Tg=85°C, polar,
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clear (PVC-S, PVC- M), opaque (PVC-E), high suiff- 1.4.Engineering Thermoplastics
ness, high tensile strength, good electrical properties
(PVC-S,PVC-M), not used in HF engineering, impact .
resistance depending on modification, good crazing 1.4.1.Poiyamides (PA)
resistance depending on modification, good barrier
propertics, VC-monomers toxic, HCI corrosive. Standardization: 1SO R 1874
(]
s ] i
: X x —[n—m.),-c] - ty !
2
1\ :
*—+—1 . L] | B L)
1 ] | [ |
. | ; - [l-—(uu.—l—:—(:u,—u':] - tys B
L] .
N |
— - AN 4+ Significant properties:
Fig.1.13 G-T-function of PVC Material r Detng Waser Meit
) Structw Denst r o
Specialty grades: mﬁ) rcia o
. ! PAG cryst. 112114 | 8smn | 215225
VCVAC (VC-vinylacetate copolymers): hig-
ber toughness, improved fluidity. PA 66 crysi. 113114 | 7510 | 250-265
VCVDC (VC-vinylidenchloride copolymers): PAGI0 | oyt 1.06-1.08 34 210225
higher temperature resistance.
PVCC (chlorinated PVC): higher temperature PAGL2 | cyst | 104106 | 23 | 20210
rﬂcslstance, higher chemical resistance, lower PAILL cryat. 104 1822 | 180:1%
Modified PVC (with CPE, ACR, EVA modi- PALZ | eyt | 10LL@ | 1548 | 1T
fiers): improved impact strength. PAGST 1.06-1.08 65 _

Important processing techniques: Compounding, ex-
trusion (Tp = 170- 190°C, high viscosity, thermal stabi-
lity), calandering, blow molding, thermoforming
(110-180°C), bonding, welding (HF!), machining, in-
jection molding difficult (PVC-S, low K-value,
Tp=170-210°C, T¢ =30-60°C, s =0,2-0,5%).

1.342.Plasticized Polyvinylchlorides (PVC-P)
Standardization: ISO 2898, 4612

Significant propertics: Density 1,20-1,35 chm’.
amorphous, polar, clear. Mechanical properties are
determinded by the pl sticizer and filler content, high
flexibility, reduced mechanical and chemical proper-
ties, only selected plasticizers food proof, no crazing
because of relaxation, brittleness after plasticizer mi-
gration.

Important processing techniques: Extrusion (PVC-E,
PVC-S, Tp=150-200°C), calendering, injection mol-
ding (PVC-S, PVC-M, Tp = 170-200°C, T, =20-60°C,
s =1,0-1,5%), bonding (THF, migration), welding
(HF), casting, dipping, sintering, coating (plastisols).

Crystalline matenials are opaque, amorphous are
transparent. Mechanical and electrical propertics de-
pend on PA-type, crystal linity (up tot 60%) and water
content. High crystallinity: high stiffness, high water
content- high impact strength, excellent frictional pro-
perties, good chemical sesistance, UV-degradation.

[ 4 ey
[]
4
-
g a N b nopl
:, S
—~ -
Iy 1 X
T
’ \
T $
b i
M A
! AY

k4 L]
o
Fig.1.14. G-T-function of PA
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1. Plastic materials
1.422.Polyethylene terephthalates (PETP)
Property Water content t Crystallinity
Tensile streagth i t o o)
i |
Impact strength t ) a
froo ! ‘ Significant propertics: Density 1,33-1,37 glcm3,
Blectrical resistance i - amorphous to crystalline (up to 40%), Tm=2§5-
258°C, transparent to opaque depeading on cooling
Chemical resistance - t conditions, higher crystallinity with nucleiating
agents, good abrasive resistance and good frictional
Transparcacy N $ bebavior, good combination of stiffness with impact

Fig.1.15. Properties of PA depending on water
content and cry stallinity

Important processing techniques: Pre-drying (vacu-
um, 80°C), injection molding (extremely low viscosity,
Tp=210-290°C, Tc = 30-120°C, s = 1-2%, anncaling at
120-150°C), conditioning (constant water content),
extrusion (for high molecular types only), bonding,
welding, screwing, machining, sintering, casting, (PA
6 G, PA 12 G, liquid monomers).

1.4.2 Linear Polyesters

1.42.1.Components

Effects of backbone structure on the melting tempe-
rature of polyesters derived from ethylene glycol are
shownin Fig 1.16. All linear polyesters show a lowrate
of crystallization. They can be quenched rapidly into
an amorphous state.

Molling ~¢J
Compound  Repost structure fomperaiwre (T,
o o
.{.2-..2...3..,.0.,..,.;;
— \

A ~(CHp) g bad

‘ ©- il

¢ 00— »

0 O-ca-m Q- %
e . S

Fig.1.16. Structures and melting temperatures of line-
ar Polyesters

strength up to -40°C, good barriere propertices, risk of
hydrolytic degradation in hot water, no crazing obser-
ved.

¥ I
o~
~——

.! \\"-T:
s

ol \7er o \
1
{

‘s @ = @ & Ww

Fig.1.17.G-T-function of PETP and PBTP

Specialty grades:

PCT (polycyclohexane-tercphthalate-copolymer):
amorphous, used for blisters, packaging material for
meat and poultry foods.

PETG is a glycol-modified PET: amorphous, clear,
used for chair backs, instrument covers.

Important processing techniques:

Pre-drying (3-4h, 75-96°C), injection molding
(Tp=260-290°C, Tc=30-140°C, s=1-2%, thermal
stability?), extrusion (stretch) blow molding, thermo-
forming (225°C), bonding, welding, machining ( polis-
hing to high gloss).

1.42.3.Polybutyleneterepbtbaluts (PBTP)

{L Ot

Significant properties: Deasity 1,29 g,/':m3, crystalline,
Tm = 220-225°C, opaque/white, similar to PETP with
reduced mechanical properties, excellent processibi-
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lity, good impact strength also at low temperatures,
excellent friction behavior, good thermal resistance
upto 110°C. Good electrical properties, risk of hydro-
ktic degradation, no crazing observed.

Specialty grades:
Polyblends with PETB and PC.

Important processing techniques: Pre-drying (3-4h,
75-90°C), injection molding (Tp = 230-2720°C, Tc = 30-
60°C, s =1-1,5%, low viscosity, thermal degradation),
extrusion, blow molding, thermoforming (225°C),
bonding, welding, machining, similar PETP.

1424 Polyarylates (PAR)

{0010t

Significant properties: Density 1,21 g/cm3, amorp-
hous, Tg=180°C, transparent, combination of high
modulus, flexural recovery, high heat deflection tem-
perature, good electrical properties, risk of hydrolytic
degradation, no crazing.

Specialty grades:
Aromatichomopolyesters: high temperature resistan-

ce.
Polyblends with PC and PSU.

Important processing techniques: Pre-drying (4-7h,
120-150°C), injection molding (Tp 320-370°C,
Te=120-150°C, 5=0,2-0,9%), extrusion, blow mol-
ding, bonding, machining.

1.4.3.Polycarbonates (PC)

0 HOr-g-

Significant properties: Density 1,20-1,24 g/cm3, main-
ly amorphous, transparent, glossy, extremely high im-
pact strength, good temperature resistance, risk of
bydrolytic degradation, crazing,

Specialty grades:
Copolymers and polyblends with ABS, PBTP.

Important processing techniques: Pre-drying (4h,
120-130°C), injection molding (Tp=280-320"C,
Te=80-120 °C, s=0,7- 0,8%), extrusion, thermofor-
ming (180-220°C), bonding, welding (400°C), annca-
ling (30 min, 120°C) finishing,

Fig.1.18. G-T-function of PC
1.4.4.Polyacetales (POM)
H

_[ié_., —

Polyformaldehyde, Polyoxmethylene

Significant properties: Density 1,41-1,43 g/cm3, high
crystallinity (up to 75%) Tm = 175°C (for copolymers
165~168°C), opaque. Highest elasticity modulus for
cngmccnng materials (up to 3500 N/mm 2), good ab-
rasion and frictional behavior, high impact strength up
to -40°C, no water absorption, good crazing resistan-
ce.

r : H
T
i1 |
[
I R EEAN|

i | |
] ! : i ‘
B R R aa T
Fig.1.19. G-T-function of POM

Specialty grades:
PEOX (Copolymers with polyethylencoxid)

Important processing techniques: Injection molding
(Tp = 180-320°C, T = 50-120°C, s =1 ,0-3,5%, decom-

position at 240°C!), extrusion, blow molding, thermo-
forming (160-170°C), annealing (110-140°C), bonding
difficult, welding, machining, screwing, snaping, finis-
hing (surface treatment).
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1.4.5. Polyethylene oxides (PPO)

(6]

Significant propertics: Densitiy 1,06-1,10 glcm3,
through modification with PS amorphous (poly-
blend), not transparent, high dimensional stability,
best creep behavior, good abrasive resistance, good
clectrical behavior, crazing with carbonhydrogenes,
low flammability.

Important processing techniques: Pre-drying recom-
mended (2h, 80- 120°C), injection molding (Tp = 260-
300°C, T.=80-110°C, s=0,5-0,7%, high injection
speed), extrusion (gasing screw), blow molding, ther-
moforming, bonding, welding (290°C), screwing, ma-

chining, foaming (structural foam).
[
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Fig.1.20. G-T-function of PPO

1.4.6.Polyphenylene sulfides (PPS)

(&

Significant properties: Density 1,34 glcm crystalline,
unpolar, Tm=280-288°C, brown, high tensile
strength, high elasticity modulus, very good creep be-
havior, very good temperature resistance, low impact
strength (depending on crystallinity), no crazing, ob-
served.

Important processing techniques: Pre-drying (150-
170°C), injection molding (Tp =300-360°C, T¢=20-
200°C, s =0,7%), compression molding (crosslinking
under oxygen at 370°C), bonding, welding (US), ma-
chining, sintering.

1.4.7. Sulfone Polymers

1.4.7.1.Components

The inherent oxidative and thermal stability of the
sulfone polymers is due to the diarylsulfone group and
the diphenylether group.

00010

Diphenylether Diphenylsulfone

1.4.7.2 Polysulfone (PSU)

(00010l

Significant properties: Density 1,24 glcm amorp-
hous, transparent yellow, excellent thermal stability
(-100 to +180°C), goodaccpbehamotalsoat 180°C,
inflammability, crazing in some agents.

Important proccssmg techniques: Pre-drying (4h,
135-150°C), injection molding (Tp=310-390°C,
T=95-115°C, s=0,7- 0,8%, releasc agent prohibi-
ted), extrusion, blow molding, tbermofonmng
(200°C), bonding, welding (US), screwing, machining
(polishing), galvanizing.
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Fig.1.21 G-T-function of PSU and PES
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1.4.73.Polyphenyisulfone (PPSU)

0 0
000
OO0

| |

o 0O |=n

Polyarylsulfone

Significant propertics: Density 1,36 glcm amorp-
hous, transparent yellow, unpolar, excellent thermal
stability (-100 to 260°C), excellent creep behavior,

Important processing techniques: Pre-drying (4h,
135-150°C), injection molding (Tp=390-430°C,
T =170-260°C, s =0,7%, release agent prohibited),
annealing (5h, 165°C), extruston, blow molding, thcr-
moforming (220°C), bonding, welding (US), screwing,
machining (polishing), galvanizing.

1.4.74.Polyethersulfone (PES)

Significant propertics: Density 1,37 g/em’, amorp-
bous, transparent yellow, unpolar excellent thermal

stability (-100 to 200°C), excellent crecp behawvior,
inflammability.

Important processing techniques: Pre-drying (4h,
135-150°C), injection molding (Tp=340-390°C,
Te=120-160°C, 5s=0,6%, release agent prohibited),
annealing (5h, 160°C) extrusion, blow molding, ther-
moforming (200°C), bonding, welding (US), screwing,
machining (polishing), galvanizing.

1.5.Specialty Thermoplastics

1.5.1.Cellulosics

Esterification of cellulose with acetic acid (CA), bu-
tyric acid (CB), propionic acid (CP) and co-esters
(CAB).

- Sad
| Ry g By
A= sabstitioss:

- [?g_.’—. ]c— CA:  Clgtee —
i 0 Oigligletht —
LS .

Significant propertics: amorphous, transparent, clear
good electrostatic behavior, good crazing resistance,
high gas permcability.

Material Densi Plasticizer Warter
(gem) | conteat (%) [absorpaon(%:)
ca 126-1.32 20-30 2846
CAB 116122 315 1724
cp 119123 1020 1828
e

&
Fig.1.22. G-T-function of CA, CAB, CP

Important proccssmg techniques: Pre-drying (3h,
80°C), injection molding (Tp=180-230°C, Tc=40-
70°C, s =0,2- 0,7%), conditioning (24h, 20°C), extru-
sion, blow molding, thermoforming, bonding
(solvcnt),welding.msting.sinteting.

1.5.2.Specialty Polyolefines
1.52.1.Polybutene (PB)

gnificant pro?emes Density A
0914)92 g/em® (I), crystalline -Ic-cl -
(up to 50%) opaque Tm =120~ $ 1l
130°C (form 1), 115-120°C HC
(form II), 98-103°C (form IH). CH,
Crystallization from the melt
leads to the metastable form II, the latter transforma-
tions irreversible to the stable form I over 5-7 days
(end use), mechanical propertics similar to PP, better
crazing resistance.

Important processing techniques: Injection molding
(Tp=190-230°C, Tc=40°C, s= 1,5-2,5%), extrusion,
blow molding, welding.

1.52.2.Polymethylpentene (PMP)

Slgmﬁcant properties: Density H H
0,83 g/cm , crystailine, transpa- )
rent (1), Tm = 240°C, very good ‘I

diclectric behavior, sterilizable "‘ (':l:l'
(120°C), low impact strength, wii2
crazing. CH 'CH:I
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Important processing techniques: Injection molding
(Tp=260-320C, T, = 20-60°C, s = 1,5-2%), blow mol-
ding, welding.

1523.Jonomer

{cn~ch, |-
lonomers countain inter-
chain jonic bonding ba- CH,
sed on Na-or Zn-salts of ICHz-C.: |
cthylene/metacrylic acid - ?-Q
copolymers. O® Na®

Significant propemes.

Densuyo,94-o,96yan ionic crosshinking between
-40 10 +40°C, transpareat, good mechanical inert-
ness, high tensile strength compared with PE, low
dielectric loss, excellent crazing resistance.

(Tp=290-330"C, T=2040"C, s=0,7-19%), extru-
sion, blow moiding, welding.
1.53.Vinylidenchloride Polymers

PVDC: Polyvinylidenchloride ':l c||
Significant propertics: amorp- == C— ,—
bous, transparent, clear, good ] § In

mechanical properties, very H Cl
good barriere properties

against water vapor and oxy-

gen.

Important processing techniques: Extrusion
(Tp =200-210°C, decomposition at 210°C), solution
coating.

1.5.4.Thermoplastic Fluorpolymers

F F
PCTFE:Polychlorotriflio [":_{ -
rethyienes 1d,
a
ECTFE:Ethylene-chlorotr - (CH'CH’CF'?F""
ifluoroethylene c
copolymers

ETFE:Ehtylene-tetrafluo —(CH,CH,CF,C]’-“),_
rethylene copoly-
mers

' '
FEP:Fluorinated cthylene- _ [ ] ] - _[ 1 ]
propylene copolymers L1 ! ! -

PFA:Perfluoroalkoxy co-  —{(CF,.CFMCF,CFla—
polymers o
PVF:Polyvinylfluocides [“‘] ~
PVDF:Polyvinylideaftuo [“‘] -
rides

ties, excellent friction behavior.
i el - A -
PCTFE polar 21 -100
ECTFE polar 17 -100
ETFE uapolar 1718 -100
FEP uapolar 2122 -100
PFA unpolar 2122 -200
PVF polar 14-16 K )
PVDF polar 175 60

Important processing techniques and typical appha
tions: ln]ec tion molding, blow molding, extrusion,
compression molding, welding, machining Use of
corrosion resistant materials on any equipment requi-
red.

Material l’mi%gm Shrinkage (%)
PCTFE 260-320 1015
ECTFE 260-300 2025
ETFE 280-330 2025
FEP 330420 3069
PFA 350420 40
PVF 220-320 2040
PVDF 220-300 30
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1.5.5.Thermoplastic polyimides (PI)

15.5.1.Polyetherimides

<0.0[0-O}

S'piﬁampmpcniu:Dcnsiyl}lAg{an{amorp—
good mechanical properties, low impact streagth, go-
od frictional behavior up to 200°C, insufficiant weat-
bher resistance.

Important processing techniques: Pre-drying (4h,
150°C), injection molding (Tp=340-430°C, Tc=100-
150°C, s =0,5-0,7%), compression molding (Tp = 220
360°C, p=100-300 bar, anncaling 24h at 250°C),
casting (from solution), machining, foaming,

1.552.Polyamide-imides

%@Eyéo@m}

Significant properties: Good mechanical properties,
creep resistance from -200 to 260°C, good electrical
. behavior, relatively high water absorption.

lmponam processing techniques: Injection molding
(Tp = 300-400°

1.5.6.Thermoplastic Elastomers (TPE)

Thermoplastic elastomers are a diverse family of rub-
berlike but not crosslinked materials that can be pro-

cessed and recycled as thermoplastics.

Linear polyurethanes (PUR)

Copolyesters (typically PBTP and polytetramethylene
cther glycol)

Styrene block copolymers (PS and polyisoprene, po-
lybutadiene, EPR)

Polyolefine blends (PE and EPR)

Tonic elastomers

Polyether-polyamide clastomers

Significant properties: Structure of blocks or domains
of hard thermoplastic constituents link clastomeric
constituents in a network that behaves at service tem-
perature like a chemically crosslinked structure. At
processing temperatures the hard domains soften and
allow the polymer to flow. High toughness, flexibility

over a wide range of temperature, good resistance to
abrasion and weathering.

Important processing lcchmques Injection moldmg,
compression molding, extrusion, reactioa injection
molding (RIM), casting.

——
——

'.'
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|
Fig.1.23 G-T-function of PUR elastomers

1.6.Thermoelastics

L.6.1. Acrylics

Acrylics include homopolymers, and mo-
nomers. The most important is PMMA: polymethyl

methacrylate

Speci ades: A
pecialty gr R
.
. 4Cc—c—+
AMMA: Acrylonitril- ] |
MMA-co- H c=0
polymers |
(o]
MBS: MMA and buta- |
diene-styrenc-co S G, |
polymers

Significant properties: Density 1.18 g/cm (PMMA),
1,17 (AMMA), 1,08 (MBS), amorpbous, brilliant,
transparent, glossy, excellent aging behavior, high
stiffness, low water absorption.
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Fig.1.24. G-T-function of PMM

Important pfoccssmg techniques: Casting, pre-drying
(4h, 70-100°C), injection moulding (Tp =200-250"C,
Tc=50-90"C, s=0,3-0,8%), extrusion, then‘nofor-
ming (150-180°C), annealing (2-3h, 60-80°C), bon

ding, welding, machining.
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2.Extrusica of Blown Films

2.1. Introduction

Film blowing is the most important method for produ-
cing polycthylene films. It is estimated that some 90%
of all PE films are produced on blowing lines. The
extrusion process offers optimum efficiency and other
advantages, like variability in the width and thickness
dimensions, and the outstanding mechanical proper
tics obtainable by biaxial oricntation.

Machinery development went through a build-up pha-
se under pressure from the efforts to raise the quantity
and quality of the end product in order to satisfy
increasing demands. Thuss, by comparison with 1955,
it has beea possible to raise the output of medium-si-
zed extrusion units by about a factor of two or three.
In spite of the large increase in machine costs that also
took place over this period, it was possible to reduce
the price/output ratio of a blown film linc, and so
investment- and operational unit costs are more favor-
able with modemn, high- performance lines than with
older ones. Using more precise market intelligence it
has been possible to establish that the demand some
years ago for quantitative improvement in perior-
mance yielded an increasing quality consciousness.
This can be recognized in the fact that use of cocex-
trusion to manufacture superior multilayer films
shows a disproportionately high growth rate, and test
cquipment for quality control is being increasingly
used. The move towards high-quality film is also based
on the demand to be able to produce the ideal film for
agiven purpose. Thus the usual range of film proper-
tm,likcdnmcnswnalptcuswn,strength,cncns:onal
break, shrinkage, weldability, conversion efficiency
("machinability”), among others, broadened to inclu-
de additional quality characteristics relevant to the
end use, such as gas barrier, moisture barriere, chemi-
cal resistance and so on.

The characterization of a film or a film composite
must take conversion operations and end uses into
account. There are many criteria and test methods
used for quality characterization of blown films.

Dimension control

Film thickness. The thickness variation along and
across the machine running direction is a particularly
important quality criterion which strongly influences

processability and the way the material can
be used.

The variations in longitudinal thickness should be less
than +/- 2% from the average. In the transverse di-
rection, depending on film thickness, low-up ratio,
1aaterial, and film speed, the variation can be +/- 3%
to +/-15%.

Film width. Maintenance of narrow width tolerances
is achieved by the use of calibration and coatrol sy-
stem. The width tolerance achieved with a modern
high-performance lies between +/-1and +/- 2mm.

Machine running

Machine running characteristics serve as a measure of
the convertibility of films. They arc determined by
dimensional accuracy, stiffness, frictional and slip be-
havior, tendency to sticking (blocking flatness) and
o(hcrpmpcrtiw.Ass&ssmcnIofmachinabﬂiy is car-
ried out almost exclusively by expesiment, or is based
on experience. Machine running characteristics can
be influenced by appropiate adjustmeat of the opera-
tional parameters or by modification of the raw mate-

rial employed.

The stiffness of the film is very important in relation
to transfer and conveying devices on packaging equip-
ment, sack- and bag- machines.

By blocking is meant the situation whea layers of film
stick to one another. It is caused by the film being too
hotwhcnmssqucczedhylhchanl—oﬂnnnandalthe
wind-up station, or because of deficicnces in the ma-
terial itself. During extrusion, low-molecular-weight
olcﬁmccompoundsmgratetothesnrfaceoﬁhcﬁlm,
wbcretheycan Iead to blocking. By use of an internal
air exchange system these compounds arc

from inside the bubble, and the tendency to blocking
is reduced.

Optical quality criteria

Air as cooling medium offer a cost-cffective means of
energy removal, but has the disadvantage that it cools
the film down slowly and the surface becomes roughe-
ded by air turbulence. The kind of clarity that is pos-
sible with the chill-roll process cannot be obtamed
with blown film.

For characterization of the optical properties the most

imoportant methods are

- gloss mecasurement (ASTM D 2457),

— measurement of the reflec-  (ASTM D 1003),
tion and scattering effect at
the film surface, haze meas-
urement

- passing a beam of whitc (ASTM D 1746),

light through the film,

measurement of "see-

through” clarity
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- measurcmeat of the sharp-
ness of an image viewed

through the film.

For optical and quality characterization of a film, a
count of gel particles and impurities is ako used.
Strength, extension, shriskage
The following well-known test methods are used:

- tensile test (stress at break, DIN 53 455

extension at break) ISO R/1184
ASTM 88267

- tear propagation resistan-  DIN 53 363
ceon trapezoidal, and on  DIN 53515
Graves’angle test speci-

— edge test resistance DIN 40634
- puncture test (cnergy, for- DIN 53373
ce to damage)
~ dart drop test ASTMD 1709-62 T

There are no standard test for measuring shrinkage
and shrinkage forces. But one widely adopted method
for determining the shrinkage is to observe dimensio-
nal changes in a film specimen 15 mm wide, 100 mm
long, after 20 s immersion in a glycerine/water mixture
at 120°C.

The determination of shrinkage requires a muchgrea-
ter effort and is therefore usually only carried out in
larger laboratories.

2.2.PE-LD Blown Film Lines

2.2.1.Elements

Blown film lines consist essentially of five elements.

-~ extruder,

- die unit,

~ cooling and calibration unit,
-~ baul-off unit,

- wind-up.

222 Extruders

Extruders used for LDPE blown film production are
predominantly slow-running single-screw units, with
the following range of dimensions:

- screw diameter D: 40 to 200 mm,
- screwlength: 20D t0 30 D.

The speed of these extruder screws is limited to a
maximum surface velocity of 0.8 to 1.2 m/s.

High-performance extruders for blown film have very
cfficient, sleeved feed zones, which have the following
features (Fig 2.1.)

- hwise grooves which concially &
mnmdmm aper -

- intensive cooling of the grooved sleeve,

- good heat barrier between the heated barrel
and the grooved sleeve,

- relatively small screw-flight depth.
The operating principlc, in bricf, is as follows:
the lengthwise grooves and the shallow screw channels
produce stable granule bridges which receive a strong
component of shear in the transport direction from
motion of the granulate. Intensive cooling and beat
insulation is needed to soppress premature plastica-

e

\, //////,//\\\\\\\\ \

Fig2.1. High cfficiency feed zone (a) extruder barrel,
(b) thermal break, (c) grooved sleeve, (d) feed ope-
ning, (¢) cooling spiral, (f) grooves.

This extrusion principle makes it possibie to operate
with low extrusion temperatures and, in addition, the
transport rate is independent of the back pressure
over a wide range. The extruder screw is subdivided
into the following functional areas:

- feed and compression,
- plastication with the aid of shear clements,
- homogenization zooe with mixing clements.

Thescrcwgcometrymustbcdespedsolhauhemdt
is processed and mechanically homogenized at the

lowest possible temperature.

Materials used for screw are principally chrome steels
and nitridcd steel with nitridehardened surfaces. The
screw lights are usually protected with a wear-resi-
stant alloy, to provide a longer service life particularly
for the processing of highly pigmented color concen-
trates.
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223. Dies 2.2.4.Cooling and calibration
The film blowing head, the dic on 2 blown film line, 2341E 1 cooli

shapes the melt in 2 narrow annular gap_ This shaping
process must be carried out free of blemishes and at
the lowest acceptable temperature.

Three kinds of blowing head, m particular, are used
industrially

~  side-fed dies
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Fig2.2. Spider-type die (a) smear device, (b) spider
ring, (c) centering, (d) entry for internal air
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Fig.2.3. Centrally fed spiral mandrel blowing die with
internal cooling (Windmélier und Holscher design).
(a) spiral mandrel, (b) centering system, () internal
cooling system, (d) external cooling

The melt emerging from the dic gap is blown in the
thermoplastic state and drawn down to final dimen-
sions. The deformation process stops at the frecze
line, which the changeover from the plastic 1o the solid

state occurs.

Bubble cooling is carried out by air emesging from a
cooling ring mounted directly oa the dic outlet. Air
volume, air speed, and the direction of the air stream,
aswell as air temperature, determine the effectiveness
of cooling. Cooling rings used powadays almost wit-
with single-stage or two-stage pressure equalization

The cooling ring is judee by three criteria:

- ocooling capacity,
— bubble stability,
- uniformity of the airstream.

2242 Internal cooling

A significant improvement in performance is achieved
with internal cooling by internal air exchange, and this
has now become established as a normal feature of
high-performance film blowing technology. In Figures
24. and 2.5. the influcace of cooling air temperature
on lines with and without internal cooling is shown

- schematically.
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Fig24 Maximum haul-off spced as a function of
cooling air temperature and film thickness, without

Fig.2.5. Maximum haul-off spced as a function of
cooling air temperature and film thickness, with inter-
nal cooling (experimental values)
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2.2.5.Haul-off unit

Haul-off units include collapsing frames and haut-off
or squecze rolls. Edge guides, also, are extensively
used just before the collapsing frames, in order to
ensure the stability of the bubble and that the film is
fed accurately into the frame.

The collapsing frame is coastructed from two ore

more wedge-shaped, angularly adjustable surfaces
made of either wood or free-running rollers.

The geometrical relationship in collapsing a film bub-
ble are indicated in Figure 2.6. To prevent folds occu-
riag during collapse, one must keep the deformation
forces as small as possible, by workieg with very low

Fig2.6. Creasing during bubble collapse because of:
(A) length differeace, (B) frictional resistance

2.2.6.Winders
Film winders are devided into two categories:

- contact winders,
- center-driven winders.

The contact winder (also called circumferential-, sur-
face-, or drive-roll winder) is the type most used on
blown film lines.

The rubberized or chromed roll is driven, and the
winding shaft or the film-roll is pressed against this
roll. Application of roll pressure is achieved mechani-
cally or pneumatically. To obtain good package build-
up is important that the axis of the winding shaft lic
parallel to that of the contact roll; this is normally
ensured by using two coupled support arms along

which the film roll is displaced as the diameter increa-
ses, with the result that the drive-roll pressure should
remain nearly constant (Fig.2.7.)

Fig2.7. Contact winder (schematic) (a) contact roll,
(b) film roll, (c) pacumatic cylinder, (d) dancer roll,
(e) teasioning rolls

With ceatral winders (also known as axial or direct
winders) the winding shaft is direct driven. The drives
are designed so that as the film roll diameter increases
- and the motor speed decreases - the torque increases
to keep the web tension constant. Dancer- roll control
(Fig.28.) and computer-controlled drives carry out
these tasks. Central winders can produce soft rolls of
wound film at very low web tension. This process is
aided by air that is drawn in between layers during
wind-up, and the buffer effect, which compensate film
thickness differences. Such rolls are less sensitive to
shrinkage after wind-up.
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Figure 2.8. Central winder (schematic diagram) (a)

swiveling pressure roll, (b) dancer roll, (c) winding
shaftin start position, (d) finished roll film, (¢) capstan

Winders are usually provided with a range of auxiliary
devices:

- guillotines,

- longitudinal slitters

- edge or center control,
- pretrcatment,

- cdge trim evacuation.
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2.2.7.Thickness uniformity

To obtain a cylindrical film roll, the thickness varia-
tions occuring in the web must be spread evenly across
the full width of the roll, so as to guarantee troublefree
conversion. The tubular film process offers various
possibilities:

- rotating baul-off/winder combination,
~ rotating extruder and die,

- rotating dic,

— roating or reversing haul-off elements.

23.PE-HD Blown Film Lines

HDPE blown film, also described as high-molecular
(HM) film, is much less important than LDPE in the
European packaging sector. This is not so in Japan.
Yet because of its mechanical properties and special
paper-like characteristics it has come to occupy a.
established place in the film conversion industry.

The property improvemeats over LDPE, which are
briclfy described below, result from the particular
molecular structure of HDPE:

- I;g:s,viswsitymthecomplaenngcofshear
- .‘cundcnqto flow orieatation because of
- moleculare breakdown at high shear rates,

- :rhosslinking(gelpanids)auempcramrcpc-

- high melt temperatures,

- post-shrinkage of the film,

- tendency to creasing.
Extruders

HDPE film can equally well be produced on small
lines with extruders having short screws of 16 to 25D,
and maximum screw surface speeds of 1.4 m/s, as on
The extruders are equipped with feed zones (grooved
slecves) of high transport cfficiency, and screws with
shear and mixing zoncs.

The grooved sleeve operates as a stable solids-convey-
ing pump, and makes possible a high enough specific
throughput for the extruder temperature to be kept
below 240°C and for thermal breakdown of the mate-
rial to be avoided.

The high viscosity and surface hardness can lead to
increased screw and barrel wear: for this reason har-
dened steels and hard metal alloys are preferred no-
wadays for screws and grooved lecves.

Dies

Design calculations on dies have to take pressure of
400 to 800 bar into account. The spiral mandrel dic is
the best suited to accept high working pressures, be-
cause of the design principle followed. The rheologi-
cal design of the melt channels and spirals has to be
carried out in such a way that excessive shear rates are
avoided. The use of hard-chromed surfaces is recom-
mended to suppress melt fracture and to avoid build-

up of surface deposits (plate-out).
The dic diameter generally Lies between 30 and 200

mm.
Cooling and calibration

The shape of an HDPE bubble is distinctly different
from that of LDPE (Fig29.) Blow-up of the tube
occurs, at the carliest, 5 to 8 diameters from the dic.
The blow-up ratio usually lies between 4:1 and 6:1.

Fig.29. Cooling and calibration of HDPE blown film
(schematic diagram). (a) bubble neck, (b) iris dia-
phragm with height adjust meat, (c) cooling ring, (d)
blowing head, (¢) calibration basket with height ad-
justment

The cooling ring and the ring-lips are shaped to stabi-
lize the bubble form, as well as to provide intensive
cooling. Iris diapbragms with height adjustment,
mouated just above the freeze line, are used for cali-
bration.

Haul-off unit

The haul-off unit is fitted with a wood-slat collapsing
frame and a large number of side clements to guide
the relatively stiff film, and to make it possible to work
with a very small angle of opening during collapse of
the bubble. To ensure that the film temperature in the
collapse region is correct, the haul-off is often adjus-
table in height.

Winder

In HDPE blown film technology contact winders are
used almost exclusively. It is advisable to use tensio-
ning rolls to isolate the wind-up from the high teasion

J
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of the film web. The auxiliary cquipment described in
2.25.is also installed on HDPE winders. On compact
winders, edge coatrol of the web can be omitted.

Thickmess distribution

There are three preferred systems in normal use for
spreading out unavoidabie thickness variations in the
film:

- rotating extruder with die,

- rotating haul-offfwinder combination,

- rotating die/cooling ring unit.
Lines with internal air exchange can also be used for
producing HDPE film, an-’ although no particular

improvement in performance is to be expected, there
are several advantages worth noting:

- improved bubble stability,
- improved cooling,
— evacuaton of volatiles.

24.PE-LLD Blown Film Lines

This raw material has displaced LDPE in some appli-
cation because of its special mechanical properties
and the low cost of production (low pressure process).
A comparison with LDPE brings out the special fea-
tures of this material:

- for the same strength a 25t0 50% reduction in
film thickness is possible,

- extension at break is about 200% greater.

In the USA about 30% of all LDPE has been replaced
by LLDPE, but in Europa LLDPE is only used for
stretch films, in refuse sacks, as a second component
in LDPE and HDPE, and in coextrusion applications.

The machirery producer has to make modifications
totake account of the particular characteristics of this
material, which relate especially to the molecular
structure and the rheological behavior:

Viscosity: (Fig2.10.)
The higher viscosity relative to LDPE requires a hig-
her screw torque or drive torque, and modification to

the screw geometry, in order to produce the lowest
possible melt temperature.

Narrow molecular-weight distribution:

This reduces the strength in the plastic state and
lowers bubble stability, and calls for a special cooling
technique to be used. The external cooling system has
the additional task of supporting and stabilizing the
bubble. For this reason two-stage cooling rings arc
quite often used to producc a Venturi effect (paitial
vacuum).

Meit fracture:

To counteract melt fracture, which is a coarse defor-
mation of the surface of the extrudate as it emerges
from the dic, the die gap must be increased (Fig.2.11.)

viscosly ) —~
)

Figure 2.10. Viscosity as a function of shear rate for

LDPE UorPe

= =

]

LDPE and LLDPE (general principles).

Figure 2..11. Die contours for LDPE and LLDPE with
experimental values.

2.5.Blown Film Coextrusion

2.5.1.Process

The sixties saw the developmeat of processes for ma-
king multilayer blown films in onc operation and their
application in the production of LDPE double-layer
films. The main field of application was for two-colo-
red milk-pouch film which was dyed white/black or
white/brown. At the same time heavy-duty bag films
with improved properties were introduced into the
market in the USA. As many fields of application,
particularly in the food sector, set moisture- and gas-
barrier requirements which could no longer be fullfil-
led by one raw material, the seventics saw the further
development or coextrusion of incompatible raw ma-
terials such as PA and LDPE as well, the adhesion
required was achicved by inserting an adhesive layer
by extrusion or by applying gas treatment (Table 2.12)
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Table 2.12. Film combinations possible with the blown film coextrusion system.
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In coatrast to cast film extrusion, where the individual
layers arc usually combined in a multilayer adaptor e mear
and distributed across the width of a cast film die, Polyomde

blown film extrusion opcrates with separate melt
channels (Fig.2.13., 2.14.)

The advantage of the scparate melt channels lics in
the fact that raw materials of different viscosities are
casier to combine, with the tolerances of the individual
layers being mostly determinded by the design of the
melt channels. The layer thickness ratios are casily
adjustable by way of the extruder speeds, without
parts of the blown film dic having to be exchanged.
The individual layers are then joined in the outlet arca.
they leave the die, and a common dic gap can be
created by fiang additional die lips. The common die
gap protects the individual gaps against damage and
oxidation.

The dimensions of the individual gaps for the main
layers are, in the case of universal blown film dics, the
same for all gaps. The gap widths range from 0.7 to
1mm, and the common die gap from 1.2t0 1.5mm. This
dic design permits layer thickness ratios from 1:2 to
1:3 when the same or similar materials are used. If
greater thickness differences are required, materials
with Jower viscosity must be used for the thinner
layers. If that is not possible, the diec gap geometry
must be adapted to the layer-thickness relationship.
In the case of coextrusion dics, which can also extrude
thin adhesive layers, this measure is already accounted
for by reduced gap widths. The great market signifi-
cance of blown film extrusion is due both to the con-
tinuously improved technology and to the
development of new raw materials. Furthermore, the-
re are the following process-related advantages which
are a feature of the blown film process:

- Tb:dblownﬁlm ,rocpss,isvrcclll:lnowntofdm
uce handgnglss:m and conversions
gnbcarsr}iedomquickly?

- Itispossibletorroduccvcrythinlayerswithin
arange from 210 5 um.

- The lines are very flexible, and different film
wndthsarcobtamgdbyselcamghﬂcror
lower blow-up ratios for the film tube. The
ﬁlmthncknesssconuollet‘l“l:{wayofthctakc-

off speed or the extruder output.

- By rotating the die and cooling ring, the ni
roll station or the winding station, it & poseible
to produce cylindrical packages waste-free.

- The film can be wound as tube, lat -
B o o a e atraly g

- By varying blow-up ratios it is possible to im-
prove the strength in the transverse direction,
and the shrinkage properties.

- Byslittingthe tube it is also possible to operate
waste-free when winding it as flat film. This is
of particular_advantage 1n the case of multi-
component films, as recycling treatment and

mﬂc applications of reground material are

zgnid.

Figure 2.13. Diagram of three-layer coextrusion
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Figure 2.14. Diagram of five-layer coextrusion

2.5.2.Polymer Combinations and Proper-
ties

Raw materials are classified as support(Tab.2.15) ,
adhesion ( Table 2.16.), or barricr materials
(Tab.2.17), depending on their function.
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Table 2.15. Support materials, properties and special aspects of coextrusion.

viep

w-pu'-lmm-io-

In general good availabilinn iy 2l standard types. normal thickmesses: 3 0 5 pm;

. farge MFI raape mast be purged out before siopping the plant
Tomomers good adhesion k LDPE and PA, arges primer layers improve mechamical
EVA and LLDPE peopertics of the film
Mandified Targe number of types adapied for good p ing: depending on composi
EVA composite strctuscs with LDPE, the adhesion can change up (o two weeks

LLDPE. EVA. PA. EVOH. PC. PET

after extrusion

Table 2.16. Bonding agents, properties and special aspects of coextrusion.
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Table 2.17. Barrier materials, propertics and special aspects of coextrusion,
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253 Applications

Coextrusion is employed for three reasons:

-~ improvement of conversion behavior,
—  cost reduction,
— quality improvement.

Depeading on the application, these criteria can be
achieved individually or in combination.

There is no one thermoplastic which processes all the .

desired properties. The decision on which materials
to use to form multilayer films will therefore depend

largely on the properties required, but also on the
price achicvable.

For an optimum combination of polymers one must
also take into consideration whether the chosen ma-
terials will adbere to cach other or if bonding agents
must be used. Table Z.18. shows the interrelationship
for the polymers commonly used in the blown film
process.
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Table 2.18 Mutual bonding of various polymers

Within the limits that coextrusion offers one can de-
velop a film structure on the basis of adhesion- and
properties tables. Whet her such a combination will
meet expectations can only be decided by tests or field
experience. In practice, optimum multilayer films ha-
ve been found for many fields of application by selec-
tion withir. the various polymer groups (Tab.2.19.)

s
Dowhle_buver fitw
1. LOPE/LDFE pindoic-froc (mulkiculored) milk K. carvier bags.
gewersl packaging

2. LDPE/EVA pood wcidabilicy. Seavy-duty hags, strexch packaging.

merfimble andicyl arvicles

3. HOPE/EVA sevifiable ond plaema. bekery goeds, foodstielfs

4. HDPE/LDPE good sweagth Sekery gouds. foodutells,

M0 comcTRNRIC
5. LDPEssomomct goud weldabitiey. doicy produce. fosderelh.
punciercresistant medical insrements,
gemcri packagiag
& LLDPE/LDPE high olessiciry
LLOPE/EVA ool seifocx sdhesion wesch fim
1. lenomer/EVA rease-pooel cocenmt. biscwics
$. Sowomers/PA gus- ond sroma-tight meat. menage. ham, fish,
foodatuflk. chevsy
Thevr-daver fim, srmmesrico!
9. LDPE/HDPE/LDPE wxidable on boch sides, Res,
reduced curfing wadescy et food. cormflakes

10. EVA/PP/EVA ey ke 9

§1, EVAJHOPE/EVA ke ) Gie 9. comflakes

Towdorer fibw with tie-layer (TL)

12 LOPE/TL/A £33, wasy- ond sroma-tight foomed PS granvisic, mest, smusage,
cheese, hom, fish, ready-made menls.
hops

13. EVA/TL/PA e 12 e 2

n hot-sir cheonet guad het tock
propevics

14. Mod. EVA/TL/PA e 12,
vacwwm packing for ham (shrinkabic)

Thove deyw film

15. LDPE/HDPE/EVA good weidsbikity, gocd digidny Sekery goods, foodstefls

16. LOPE/EVA/PP ke 13 e 15

Five-daver fiim

17. LOPE/TL/PA/TL ne curimg sendency. improved ke 12

LOPE & LLOPE/TLY betrier properiies. s PA presecind
PA/TL/LLOPE againgt mointere sbsorplion, -
proves leyer sdhesion, seidable
on hoth sides
18. EVA/TL/PA/TLIEVA Fhe 17 Re i?
19. LDPE/TU/EVAL/ Whe 17 Nk 17, ok mes), wine packoging.
N/LDPE milk powder (casrm)
0. EVA/TUL/EVAL/ hke 19 Fhe 1

TUEVA

Nese: LDPE can shae b replaced by | LOPE (Bneur low deusity PE)

Table 2.19. Material combinations, special properties and import ant applications of coextruded blown films
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3.Blow Moulding

3.1.0peration

The blow molding industry coatinues to be one of the
fastest growing industrics.Demand for industrial and
technical molding containers, irregular hollow shaped
industrial parts, and bottles is predicted to grow signi-
ficantly. Products range from small to large containers
used in packaging, transportation, toys, house wares,
ete.

Blmy molded componeants are eroding the market for
traditional materials, particularly in liquid packaging

domunate the market. Since the area of the introduc-
tion of polycthylene (PE) squecze bottles for washing-
up liquid, polyvinyl chloride (PVC) or cooking oils
and fruit sqash bottles, polyethylene terephthalate
(PET) for carbonated beverage botules, and others,
there has been, in the last decade, rapid advances, not
only in the process machinery, but aslo in the charac-
teristics and range of materials available.

The basic consumer polymers, the polyolefines (PE,
PP), PVC and today, PET, arc increasingly being
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combined with special barrier layer materials. Oxygen
and water vapor resistant coatings are successfully
preserving flavor and extending product shelf life.
New process technology brings wide scale introduc-
tion of multilayer containers to our supermarket shel-
ves much closer and companiers are capitalizing on
the progress achicved to date.

Understanding how to obtain the maximum perfor-
mance of each individual operation in the complete
Blow Molding Operation and properly integration
each step to meet product performance at the lowest
cost is important to all people in the plant as well as
management. A block diagram on the complete Blow
Molding Operation that meets the Fallo approach
(Follow All Oportunities) is in Fig.3.1. Targeting for
low cost is summarized in Fig 3.2.

Basically, the Fallo approach is to: (1) design a part
to meet performance and manufacturing require-
ments at the lowest cost, (2) specify the proper plastic
molding material that provides part performance af-
ter processing, (3) specify equipment requirements
and (4) purchasing and warehousing materials.

Fig.3.1. Complete blow molding operation - the FALLO aproach is to Follow All Opportunitics. This block diagram
basically summarizes what should be considered to ensure a good return on investment to produce all types and
shapes of plastic blow molded products, including those that will open new markets where practically an» shape
can be produced. The block diagram meets the objective of this onc-source book in bringing you up to date on
today’s technology as well as what is ahead. To blow mold, many important steps are involved - steps that must
come together properly to produce parts consistently meeting performance requirements at the lowest cost. This
diagram provides only a summery and introduction to all the important steps reviewed in this chapter. Basically
the approach is to design parts to meet specific requircments, specific plastic bascd on the process to be used and
specify equipment requirements by (a) designing mold "around” the part, (b) put the proper performing equipment
around the die or mold, (c) setup auxiliary equipment to "match” and properly "interrelate”, (d) setup complete
controls such as quality control, troubleshooting guides, preventative maintenance, etc. Result is to meet "zero”
defects, meet performance (customer) requirements and produce targeted profit.
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Diffcrent types of plastics are uscd to produce various
blow molded parts. Typical blow molding processes
are summarized in Table 33. The major process used
which consumes almost 75% of all blow molded pla-
stic materials is extrusion blow molding (continuous,
wheel clamp, intermittent, accumulator and stretch).
The other process that consumes almost 25% is injec-
tion blow molding (stretched and unstretched).

UP

MIig. cost

Target

Performance requirement e——o-

Fig:3.2. Costing is an indispensible economic aid for
management and requires understanding and control-
ling all aspects of operations such as those summari-
zed in Fig3.1. It includes effective plant management
and financial control. As shown by this diagram, target
is to blow mold products that meet performance re-

quire ments at the lowest cost.
Average Approximate
production Avenage market
nte, P 3
Coati X Polyethylene (PE). | S00 10 3,600 4 ounces to 50
shuttle clamp polypropylene (PP), 7-112 gallons
polycarbonate (PC),
polyvinyl chloride
(PVC). polyethylene
terepbthalate glycol
modified (PETG)
Wheel clamp Polycthylenc (PE), | 2,000105,000 | 320 300 cunces { 10
(6% 24 clamgps) polyviayl chloride
(PVC), polypropyleae

(PP). coextrusions

wa-mmm- Polyethylene (PE) 500 t0 2,500 8t 1280unces | 10
reciprocating screw and polycarboaate

Accomulaiorbead | Polyethylene (PE) | 5010 500 $102.000 gatlons | §

Streich blow molding | Polyvinyichloside | 1,200104,000 | 1610 48 ounces | 20 (inciuding
(PVC). polyethylene reheat)

Injection Polyethylene (PE). | 500103000 | 1to160unces | 5 (including dip
blow molding polypropyleac (PF). molding)

e
(PAN). polystyrene
(PS)

Dip blow molding Polyethylene (PE). 500 10 §.500 110 24 ounces (see injection
polypropylene (PP), blow molding)
polyvinyl chloride
(PVC). polyethylene
tevephthalate (PET),
polyacrylonitrile
(PAN), polysiyrene
(Ps)

Rehest biow molding | Polyethylene 24010 13000 | 16 ounces (see sirerch
terephthsiste (PET) 10 22 liters blow molding)
1.20010 4.000 | 1610 48 ounces
1.200¢04.000 { 8o 48 ounces

Table 3.3. General types of blow molding processes
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3.2.Extrusion Blow Molding

In extrusion blow molding (Fig.3.4.-3.9.), a parison is
formed by an extruder. Basically the plastic is melted
by heat which is transferred through the barrel by the
shearing action of the extruder screw as it passes
through the extruder. The helical flights of the screw
change configuration along its length from input to
outpmendstou.sun::umiformlyI:omogeneousmclti

Turning continuously, the screw feeds the melt
through the dic -head as an endless parison or into an
accumulator. Size of the part and the amount of ma-
terial necessary to produce the part (shot size) dictate
whether or not an accumulator is required. The no-
naccumulator machine offers an uninterrupted flow
of plastic melt.

With the accumulator, flow of parison through the dic
is cyclic. The connecting channels between the extru-
der and the accumulator and within the accumulator
itself, are designed rheologically to preveat restric-
tions which might impede the flow or cause the melt
to hang up. Flow paths should have low resistance to
melt flow to avoid placing unnecessary load on the
extruder.

When the parison or tube exits the die and develops a
preset length, a split cavity mold closes around the
parison and pinches one end. Compressed air inflates
the parison against the hollow blow mold surfaces
which cool the mnflated parison to the blow mold
configuration. Upon contact with the cool mold wall,
the plastic cools and sets the part shape. The mold
opens, cjects the blown part, and closes around the
parison to repeat the cycle.

1]

Fig.3.4. Basic extrusion blow molding process: (1)
parison being extruded; (2) compressed air inflates
parison; (3) blown container being ¢jected.
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Fig.3.6. Trapped air process.

Fig3.7. Parison transfer. One system of continuous
extrusion blow molding uses transfer arms to remove
the parison from the die and transfer it to the molds.
This system may use several heads, and transfer seve-
ral parisons. In most machines of this type, the parison
is placed over blow pins and the bottles are blown in
an inverted position. This system can be used to pro-
duce bottles with finished necks that do not require
post-finishing operations other than detabbing. Sche-
matic shows hand transfer. However, production ma-
chines use electromechanical transfer systems.
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Fig338. Enruslon blowmoldmgcyde. A complete
cycle graph showing a typical blow molding cycle for
5 liter containers. Phases a, b, and c illustrate the
breakdown of blow molding cvcles.
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Fig39. Schematic of intermittent parison extrusion
into a stationary mold. Extruder operation is interrup-
ted after the parison has reached the desired length
and before the mold halves have closed around it
(left). Operation is resumed at the end of the ejection
step (right). (US.I. Chemicals)

3.3.Injection Blow Molding

Injection blow molding has basically three stages (see
Fig3.10.-3.13.). In the first stage, plastic melted in a
reciprocating screw extruder is injected into a split
steel mold cavity to produce a preform parison, which
in turn, is temperature conditioned for later blow
molding. The preform is shaped much like a test tube
with screw finish at the top. This finish, of course, is
the final finish of the bottle and is molded to close
tolerances.

The preformis transferred on a core rod to the second
and blow molding stage. Here air is blown through the
core rod to expand the conditioned preform against a
cold, usually aluminium, biow mold cavity. The con-
tainer has now been produced.

In the third stage, the container is transferred again
on the core rod. The finished container is transferred
to the third stage where it is ejected from the machine.

Fig3.10. Basic injection blow molding process: (1)
injection preform; (2) blow molding and cjection.

Fig3.11. Basic shuttle-type mjccuon blow molding
process (using conventional injection molding machi-
nc; Husky Machine Co.). (1) Preform injection mol-
ded; (2) blow mold moves into position; (3) blow cycle;
(4) blow mold raised with finished parts.

Fig.3.12. Schematic of i mjecuon molding process: pha-
se 1 - Preform molding via injection moldmg machine;
phase 2 - blow molding; phase 3 - ejection.
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Fig.3.13. Injection blow molding cycle.
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3.4.Stretch Blow Molding

Since the late 1970s stretch blow molding (Fig 3.14.-
3.20.) has become an important high speed, high pro-
duction technique, largely due to the 2-liter
carbonated beveragy bottle that uses PET resin. A
varicty of other bottling applications exist such as
foods, cosmetics, etc. Stretched polypropylene (ex-
trusion) blow molded bottles have been used since the
carly 1970s principally for packaging detergents.

The importance of molecular orientation is widely
recognised. By biaxially stretching the extrudate befo-
re it is chilled in the mold, real improvements to the
finished bottles can be obtained. This technique al-
lows the use of lowsr matenal grades or thinner wall
thickness; both approaches reduce material costs.

Fig.3.14. Extrusion stretch blow mold. Diagrammatic
representation of the Hercules/Bekum OPP bottle
line: (1) Extruder; (2) Sizing baths; (3) Haul-off; (4)
Loop stand; (5) Reheat oven; (6) Cutter, (7) Puller,
(8) Mold closing unit neck calibration; (9) Clampmg
system; (10) Stretch blow molding machine

4 s 8 ?
Fig.3.15. The Orbet Process (of Phillips 66 Co.) is a
two-step process designed to again the advantages of
material oricntation in the blown ware. Continuous
extrusion of tubing for the parison is extruded and cut
1o length separately. These cold parison tubes are
loaded on spindles that travel through a carefully heat
controlled oven. After passing through a programmed
heating procedure, the hot plastic tube-parisons are
picked up by a clamp which transports them to the
blow spindle where the end is clam ped in the neck
ring. At this point, the picker rises to stretch the
parison; following the stretch which provides axial
oricntation, the mold halves clamp together and the

“blow™ expands the form into the finished product with
orientation perpendicular to the axis. This process is
particularly suitable for polypropylene and the bottle
thus produced has particularly desirable proper ties.
Molds are similar to other blow molds.

Prooucing a biaxially oriented bottle: (1) parison is
positioned on the rotor pin; (2) programmed radian
heating is applicd to parison wall; (3) picker places the
heated parison on the blowing/swage; (4) threaded
dies close on the parison and swage up to compression
mold the bottle neck; (5) picker ascends, vertically
orienting the parison; (6) mold closes and bottom
pinchoff is served by tapered steel sutters in the mold,;
(7) bottle is blown (upside down) as picker removes
the tail pinchoft.

Fig 3.16. The central idea of the Corpoplast process is
the production of bottles in two stages, beginning with
a cold inter mediary stage - the preform. The preform
is already a container closed on one end, although its
diameter is considerably smaller than that of the bott-
les formes from it. This preform is rapidely and preci-
sely warmed in the machine according to set values
within the thermoclastic deformation range of the
material, and then expanded by blowing to the prede-
terminded bottle shape.

The geometrical shape of the preform is designed to
result in the container shape to be obtained by blow-
molding. The heating process is differentiated in such
awaythatthedcgrccofstretchmg.inassociaﬁonwith
the specific propertics of the material, will produce
optimal biaxial orientation over the eatire surface
area. In the thermoelastic forming range, much below
the meliing temperature, material molecules can be
oriented by mechanical stretching. This orientation, in
a preferential direction, creates substantial improve-
ment of physiacal properties such as strength, modu-
les of elasticity and permeability. The container grows
during blowing both in diameter as well as in length.
Inthis way it acquires a biaxial orientation, i.c. running
in two directions parallel to the surface.

The scquence of operations illustrated here converts
an extruded tube into a necked parison. (Ksupp Cor-

poplast)




3. Blow Moulding

Page 31

Fig3.17. Basic stretch injection blow molding process
(two- step). (1) Injection preform; (2) rebeat preform;
(3) stretch blow molding and ejection.

Fig 3.18. Schematic of stretch injection blow molding
(in- line/one-step): phase a - preform molding via
injection molding machine; phase b - reheat preform;
phase ¢ - stretching and blowing, phase d - ejection.

Proterm Mesting susions
[ otiraser .
& Y otow stton
rastorm Ceors
Preform il comveyer

Fig.3.19 Reheat stretch-blow molding machine that

can make up to 2,000 bottles/hr from injection molded

preforms of PET, PVC, PAN, and other thermopla-

:tci; materials has been introduced by Batten feld Fi-
er.

Fig320. A temperature conditioned injection pre-
form is inserted into the blow mold cavity, thea is
rapidly stretched. Often a road is used to stretch the
preform in the axial direction with air pressure to
stretch the preform in the radial direction.

The stretch-blow process can give many resins impro-
ved physical and barrier propertics. In biaxial orien-
tatioa, bottles stretched lengthwise by an external
gripper, or by an internal strech rod, and then stret-
ched radially by blow air to form the finished contaimer
les along two planes providing additional strength,
than is possible without biaxial oricntation. Other ad-
vantages include better clarity, increased impact
strength, or toughness, and reduced creep. The actual
increase is dependent on the ratio of blow up in cach
direction.

The process allows wall thickness to be accurately
controlled and also allows weights to be reduced, so
lowering material costs. Further the cost of reheating
the material is offset by the elimination of scrap pro-
duced at the neck and base by the other production
system.

3.5.Multi-Layer Containers

The barrier requirements to meet package nceds vary
depending on the product being packed. Properties
that may need to be retained can include gases, water
vapor, aroma, taste, solvents, etc. In addition, every
barrier package must respond to the specific custo-
mers’s processing techniques and distribution system.
The result has been the development of a wide diver-
sity of barrier container technologies and processes.

There are three basic ways in which to increase the
barrier properties of a rigid plastic container. The
first is to improve the barrier properties of the single
polymer or copolymer being used in a mono-layer
containzr. The second is to place a barrier coating on
cither the inside or the outside of the mono-polymer
layer. The third is to employ several distinct polymers
in a multi-layer structure with each providing a diffe-
rent specific barrier or performance quality.

The following processing technologies are suitable:

~  coextrusion,

- coextrusion blow molding

- coinjection blow molding

- coinjection stretch blow molding.
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4.Extrusion Recycling of Plastics Waste

4.1.0perations

In the fiftics the first attempts were made to reclaim
plastics waste and to make it useful ior processing. For
the most part primitive reclaim techniques were used,
and unsatisfactory results obtained.

Since thea plastics recycling has developed into a high
-level technology comparable with other outstanding
technologies in plastics processing.

Many circumstances contribute to the problematic
aspects of recycling. Among these is the fact that when
primary products are manufactured, thought is sel-
dom given to scrap recovery methods.

Problems in the re-use arise with colored scrap, coa-
li_ngsonmetal,tenilsorpaper,andw'nhcoenm—
sions.

Additional influences include UV- and thermo-oxida-
tive oncs, dirt, foreign bodies and moisture.

The vanous technologies required for reclaiming are
also deter mined by the form of the materials, such as
fibres, films, pipes, profiles, and many others.

In practice today recovery methods are of three basic
types:

Chemical processes  Mechanical processes  Thermal processes

- pyrolysis - granulating - extrusion
- hydrolysis - densification
- agglomeration

A deeper study of the different recycling processes
shows the following;

~ pyroloysis requires great technological effort and

gmmpqm. Thus, the economics of this appro-

remain in doubt, at the time being.

~ bydrolysis is only uscful for particular kinds of pla-
slm;mdrroduasaremonomers,thebasiccom-
poneats of the plastic.

- granulating, densification, and agglomeration are
reclaiming processes which do not affect quality,
since they are merely physical processing steps.
They can be used indepenently, but are usually part
of complete extrusion systems,

Extrusion of wastc materials reveals a totally different
situation:

- specific reclaim costs are low,

- investment costs are low; &Sgum yc;pacitics
I )

range from 50 kg/h to well a

- high quality product is obtainable thanks to the
well-defined and controllable nature of the pro-
cess,

- the waste materials can be modificd during the
process,

— there is a wide variety of applications, and practi-
cally all thermoplastics can be processed,

- in special cases a final is manufactured
dir_egdyfromthcmc.withomintermcdiatcpek

4.2.Meit Recycling

With well-designed lants, the overall process should
be carried out in precisely defined, individually con-
trollable steps.

The complete plant is oaly as good as its individual
components, which must be properly interfaced to

create a smoothly operating processing vnit.

Figure 4.1 shows the typical flow sheet and aschematic
layout of a recycling plant for film and fiber waste.
Incoming material is fed (a) past a metal detector (b),
to a granulator (c); pneumatic coaveyor (d) then mo-
ves the chopped material to a stock silo (¢). Conveying
air is released through a cyclone or exhaust filter (f).
The crammer feeder (k) receives clean material direct
from the stock silo, or contaminated material via a
washing plant (g). A metal scparator (i) is placed
between crammer feeder and stock silo. The fliffy
cut-film scrap is densified and force-fed to the extru-
der (1) by the crammer feeder. The extruder plastifics,
homogenizes, degasses (if required), and conveyes the
melt into the screen changer (o) which filters conta-
minating materials from the mek. The melt-pressure
measuring unit (n) indicates when internal screen
changing occurs. The melt-temperaturc measuring
unit (m) measures the melt tmperature. Upon passing
the screen changer the melt streams through the die
head (p) and through lace dics with lincar or circular
hole patterns, to be cut by the dic face pelletizer (q).

The lens-shaped pellets are cooled by water for an
appropriate distance and then move to the pellet dryer
(s). The dryer removes surface water from the pellets,
but leaves some residual moistu re, which is necessary
for further processing.

The cooled pellets are then run over a classifying
screen (t) to seperate over- and undersized particles.
Depending on the convey ing distance involved, either
a blower (u), or a vacuum system with a star valve is
used to convey into the storage silo (v). A station for
weighing and filling bags (w) or other containers can
also be provided.
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The individual processing steps are:

— granulation metal separation®

- coaveying plastication and homogenizing®
~ storage degassing®

— densification  melt filtration®

- ‘vashﬁq; pc"eﬁthgo

The starred * steps are quality-defining and quality-

influencing factors - the others are regarded more or
less to be quantity- or efficiency-influcacing elemeats.

sl st onm | ki ="

S il -u

Processiag /
steps

42/’/ /'/
Wy ¥ / . J ’:ij‘/
vgyes (/]

o q‘v,“u & S Qg\\{

falisencing
velves

Figure 4.1. Principle of reclaiming waste plastic (film, fibres, etc.) by extrusion (a? conveyer belt, (b) .me(?l
detector, (¢) granulator, (d) conveyor blower, (¢) stock silo, (f) exhaust filter, (g) washing plant, (h) stock silo, (i)
metal separator, (k) crammer feeder, (1) extruder, (m) melti-temperature sensor, (n) mell-;'nessu{c sensor, go)
screen changer, (p) pelletizing die head, (q) water-cooled die-face pcllc(izc_r, (r) water container with circulating
pump, (s) spin- dryer, (1) classifying screen, (u) pellet-conveyor, (v) pellet silo, (w) bagging scale
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43.Applications

Thermoplastic waste is devided into the following
categorics for practical purposes:
- bulk ics: LDPE, HDP PP, ABS,
pll’l‘!lﬂ E, E, PS,
- engineening plastics: PA, PETP, PC, and simi-
lar resins,
and into the following types:

- in-line factory waste (unused),
— used waste.

Unfortunately the waste is not often available in a
segregated condition, and mixtures of widely differing
materials cause great problems in reclaiming and sub-
sequent processing,

Table 4.2 shows the compatibility of differcat thermo-
plastics. The reclaiming processes differ according to
the quality and type of the thermoplastic waste mate-
nial; these may be classified as follows:

~ standard process for in-line waste,

— washing and reclaiming process for contami-

nated waslc,

- single pro-
wssfor a:gm i tlll:‘easamenge,

- spccialproccssforenginccmgplasncs,

- ect reclaiming from waste to the final pro-
dm:t,wlthﬁlhng noc-;cssary P

Seondond PS

s

AN sopotymer
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Table 4.2. Miscibility of differcnt thermoplastics. The
miscibi lity decreases from 1 1o 6, i.c. 1 means very
good miscibility, 6 incompatibility.
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6.Annex B: Selected Suppliers

(Extract of Catalogue of the Plastic Exhibition K89, 2-8 November 1989, Diisseldorf, FRG)

Extruder

Extruders

Machines d'extrusion
Estrusori

Maquinas de extrusion

Einschneckenextruder
Single-screw extruders
Extrzudeuses monowns
Estrusori monovite
Extrusionadoras de un husillo
Achenbach Plastic-Maschinen
ADS.SA
Afex Maschinenbau
Alpine Aktiengeselischaft,
Kunststoftverarbeitungs-
maschinen
Amut S.pA.
APV Chemical Machinery
Limited
Arenz GmbH
Arvor GmbH
Automatik Apparate-
Maschinenbau
Axon AB Kunststoffmaschinen
Bandera Luigi S.p.A.
Barmag AG
Barwell International Ltd.
Bassani Mascheroni & C Srl
Battenfeld Extrusionstechnik
Bekum Maschinenfabriken
GmbH
Beringer USA/Swisscab
Berstorff Maschinenbau GmbH
Betol Machinery Ltd.
8.G. Plast Sri
Boston Matthews Machinery
Brampton Engineering Inc.
Breyer GmbH, Maschinenfabrik
Cellier S A.
Cincinnati Milacron
Colines PP&P S.rl.
Colines s.r ., Gruppo
Dr. Collin GmbH
Colmec S.p.A.
Comago s.1.l.
Covema s.p.a., Nuova
Dalaker Kunststofimaschinen
Davis-Standard
Davis-Standard
Dipiemme Dies
DolciS.p.A., Ing. L.
Egan Machinery Division
Erema GmbH
ER-WE-PA Maschinenfabrik
Extrudaids Limited
Extrudex Kunststoff{maschinen
Fairex
Falcon
Faré SpA.
Farrel Corporation
Farrel Ltd.
FBM. srl Falzoni
Ferrostaal AG
Fong Kee Iron Works Co.
Formac s.rl.
Friul Filiere s.r 1.
Future Design Inc.
Garant Maschinenhande!
Gillard & Co. Ltd.
Gimac di Maccagnan
Gmehling -maGme-
Gumix, S.A.
Gebrider Haake

ide, Bernhard

imexo-Fornoff

Indemo S A.

Industrie Generak Group

talwork s .a.s.

Jofra Maschinen

Kilion Extruders

Krauss-Maftei

Krupp Beflaplast

Krupp Maschinentechnik

Kuhne GmbH

Leistritz

Lenzing AG

Leonard di Ugo Castelnovo

Lung Meng

Macchi S.R.L.

Machinery Bellora

Macro Engineering

Mai Virginio s.r.l.

MA.M. - Meccanica

Mat Plast Sarl

McNeil Akron Repiquet

Mifler + Sohn AG, Paul

Nokia - Maillefer

Oimas S.RL.

Omam S.PA.

OMC.Sri.

Omicron Plann s.rl.

Omipa S.pA.

O.MV. - Officine

Plastbau Spinntechnik

Plastik-Maschinenbau GmbH

Plastmachines Gelderland

Pomini Farrel SpA

PrandiG. & C. S.p.A.

Prealpina S.r.).

Previero N. S.r.l.

Promatech s.r.l.

R C M AG, Rubber Consulting +
Machinery

Reifenhduser GmbH & Co.

Scamia

Schlicht, Rolt

Schwabenthan Maschinenfabrik

Sentinel Machinery

Shaw & Co.

Somaplast snc

Sorema s.r.l.

Steelastic

Technoplast Kunststofftechnik

Tecma italia S.r.l.

Tecom S.rl.

Theysohn-Extrusionstechnik

Thyssen Edelstahiwerke

Toshiba Machine (Europe)

Trimec SAS

Troester Maschinenfabrik

Union off. mecc. s.p.8

Weber Maschinenfabrik

Welding Engineers

Welex Inc.

Werner & Plieiderer

Western Polymer Division

Wilmington Machinery

windmoiler & Holscher

Woywod Kunststotfmaschinen

Yvroud S A.

Zeta Plastic Sales

trudeuses S
Estrusori bivite

Bandera Luigi S.p A

Bassani Mascheroni & C Sri
Battenfeld Extrusionstechnik
Bausano Group SpA

Berstorff Maschinenbau GmbH
Betol Machinery Ltd.
Cincinnati Milacron

Clextral

Dr. Collin GmbH
Comacplast s.n.c.
Covema s.p.a., Nuova
Davis-Standard
Dipiemme Dies

Egan Machinery Division
esde Maschinentechnik
Extrudaids Limited
Feddersen & Co.

Fong Kee Iron Works Co.
Friul Filiere s.1.l.
Gebrider Haake

ide, Bernhard
Imexo-Fornoff

Industrie Generali Group
Jofra Maschinen
Krattanlagen Aktiengesefischalt
Krauss-Maffe

Leistritz

LMP impianti

Lung Meng

Mapian International

Mapre S.A.

Maris Sp.A.

Mat Plast Sarl

McNeil Akron Repiquet
Omam S.P.A.

OMC.Srl
Plastik-Maschinenbsu GmbH
Plastiprogram s.r.i.
Reifenhiuser GmbH & Co.
Rockstedt oHG

Ds Roliepasl BY
Schwabenthan Maschinenfabrik
Sentine! Machinery

Spesdex (Engineering)
Tecma lalia S.r.l.

Theysohn Maschinenbau
Theysohn-Extrusionstechnik
Thyssen Edeistahiwerke
Toshibs Machine {(Europe)
Trimec SAS .
U.S. Extrusion, Inc.

Weber Maschineniabrik
Weiding Engineers

Werner & Pllsiderer
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Extruderioigemaschinen

Follow-on equipinent for extruders

Materie! auxihaire d'extrusion

Attrezzature ausihane per impianti di
estrusione

Disposiivos auxihares para la extrusién

Sonstige Extruder
txtruders for other design
Autres exlrudeuses

Al estruson

Otras extrusionadoras

actual Anlagen-, Maschinen-
und Werkzeugbau

ADS.SA.

Anthony Crowe AG

Axon AB Kunststotfmaschinen

Bandera Luigi S p.A.

Barmag AG

Barwell International Ltd.

Bassani Mascheroni & C Srl

Battenfeld Extrusionstechnik

Bekum Maschinenfabriken
GmbH

Beringer USA/Swisscab

Berstoift Maschinenbau GmbH

Cellier SA.

Colines PP&P S 1.l

Colines s.r.l., Gruppo

Color Metal GmbH

Comacplast s.n.c.

Comago s.r.l.

Covema s.p.a.. Nuova

Davis-Standard

Dipiemme Dies

Daspohl Vertriebs GmbH

Egan Machinery Division

Entex Rust & Mitschke

ER-WE-PA Maschinenfabrik

Extrudaids Limited

Extrudex Kunststoffmaschinen

Fairex

Farrel Corporation

Farrel Ltd.

Fong Kee Iron Works Co.

Frank OHG

Friul Filiere s.r.l.

Gelaplast

Gimac di Maccagnan

Gebridder Haake

ide, Bernhard

Industrie Generali Group

Killion Extruders

Krupp Maschinentechnik

Leonard di Ugo Castelnovo

Lung Meng

Macchi S.R.L.

Mai Virginio s.r.l.

McNeil Akron Repiquet

Mulier + Sohn AG, Paul

Omam S.P.A.

OMC.Srl

Plastik-Maschinenbau GmbH

PrandiG. & C.SpA.

Promatech s.r.l.

Pyles Division

R C M AG, Rubber Consuiting +
Machinery

Steelastic

Tecma italia S.r.l.

Theysohn Maschinenbau

Thyssen Edelstahiwerke

Weber Maschinenfabrik

Werner & Plleiderer

WK Worek

Accrapak Systems Ltd. Strand
Pelletisers. Sieves, Air Knives

Achenbach Plastic-Maschinen

actual Anlagen-, Maschinen-
und Werkzeugbau

Atex Maschinenbau

Alpine Aktiengeselischaft,
Kunststoffverarbeitungs-
maschinen

Amut SpA.

Axon AB Kunststoffmaschinen

Bandera Luigi S p.A.

Barmag AG

Bassani Mascheroni & C Sri

Bastian Wickeltechnik GmbH

Battenfeld Extrusionstechnik

Battenfeld Gloenco

Bausano Group SpA

Berstortf Maschinenbau GmbH

Betol Machinery Ltd.

Boston Matthews Machinery

Breyer GmbH, Maschinenfabrik

Bruckner - Maschinenbau

Calini G. Fabbrica Macchine

Cellier S.A.

Cincinnati Milacron

The Cloeren Company

Dr. Collin GmbH

Colmec S.p.A.

Color Metal GmbH

Colsmann & Kirschner

Condux Maschinenbau

Covema s.p.a., Nuova

Davis-Standard

Dipiemme Dies

DolciSpA. Ing. L.

Egan Machinery Division

Elmepla s.r.l.

Entex Rust & Mitschke

Erema GmbH

ER-WE-PA Maschinenfabrik

Euromac Costruzioni

Exact Attrezzature

Extrudaids Limited

Extrudex Kunststoffmaschinen

Fairex

Falcon

Faré S.p.A.

FAS Converting Machinery

Ferrostaal AG

Flynn Burner Corporation

Fong Kee iron Works Co.

Formac s.r.l.

Friankische Rohrwerke

Future Design Inc.

Gerlach GmbH

Gillard & Co. Ltd.

Gimac di Maccagnan

Gnata Filippo & C.

Graewe GmbH, Kurt

Gumix, S.A.

Gebrider Haake

HACOBA-Textilmaschinen

vom Hagen + Funke

Hegler Plastik GmbH

von Hein GmbH

Heuser, Hans

Hofmann + Schwabe

Ide, Bernhard

Imexo-Fornoff

Industrie Generali Group

INOEX GmbH

in.Set. Industriale Settala

IPM S.nec.

Italwork s.a.s.

T8 S.pA.

Kampt GmbH & Co.

Killion Extruders

Kraftantagen Aktiengeselischatt

Krauss-Maffei

Krupp Bellaplast

KUAG - Kunststottmaschinen

LicoSpA.

LMP Impianti

Maag Zahnrader AG

Macchi SRL.

Mai Virginio s.r.l.

Maier Heidenheim

M.AM. - Meccanica

Maplan International

Maris S.p.A.

Mat Plast Sarl

Matthews-Niescher GmbH

Mazzonis.r.l

Mecanor AB, Oy

Gebrader Menzel

Mouzon SA. G.

Nokia - Maillefer

Norcoil Trading A S.

Nuova Protex

Oleotti, Pio

Olmas S.R.L.

OM.C.Srl

Omicron Plann s.r.l.

Omipa S.p.A.

Plastik-Maschinenbau GmbH

Plastiprogram s.r.l.

Piastmachines Gelderland

Prealpina S.r.i.

Previerc N. S.r.l.

Promatech s.r.l.

R C M AG, Rubber Consulting +
Machinery

Reifenhdauser GmbH & Co.

Reinhold, Klaus

Rockstedt oHG

De Rollepaal BV

Scheer & Cie.

Schiicht, Rolf

Schwabenthan Maschinenfabrik

Senn AG, Georg

Sentinel Machinery

Shaw & Co.

Sherman Treaters Ltd.

SICA.SpA.

Softal electronic

Somaplast snc

Sorema s.r.l.

Southwest Screens and Filters

Speedex (Engineering)

Stahlkontor Maschinenbau

Suizer, Gebruder

Tecma Italia S.r.l.

Tecnova Snc

Tecom S.r.l

Theysohn-Extrusionstechnik

Trendelkamp GmbH u. Co. KG

Trimec SAS

Troester Maschinenfabrik

Truplast Kunststofftechnik

Uni-Flo

Union off. mecc. s.p.a

Urban GmbH & Co.

VMI Epe Holland

Vobau, Artur Baston

Weber Maschinanfabrik

Waelex inc.
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Extrusionsaniagen fiir Mehrschichtfolien
und -platten
Extruston plants tor multilayer sheets

Installations de coextrusion
impianti di coestrusione
Instalaciones de coextrusion

Extrusionsanlagen fiir Flachfollen
Extrusion plants for flat sheet

fnstallations d'extrusion de feuilles a filiére

plate

Linee di estrusione a testa piana per foglie

Instalaciones de extrusion para laminas

planas

Afex Maschinenbau

Amut SpA.

APV Chemical Machinery
Limited

Axon AB Kunststoffmaschinen

Bandera Luigi S.p.A.

Barmag AG

Battenfeld Extrusionstechnik

Battenfeld Gloenco

Berstorff Maschinenbau GmbH

Betol Machinery Ltd.

B.G. Plast Sri

Breyer GmbH, Maschinenfabrik

Bruckner - Maschinenbau

Cellier S.A.

Cincinnati Milacron

Tne Cloeren Company

Colines PP&P Sr.l.

Colines s.r.l., Gruppo

Dr. Collin GmbH

Covema s.p.a., Nuova

Davis-Standarc

Dipiemme Dies

DoiciS.p.A., iIng L.

Egan Machinery Division

ER-WE-PA Maschinenfabrik

esde Maschinentechnik

Fong Kee Iron Works Co.

Gelaplast

Gumix, S.A.

Gebriider Haake

Itatwork s.a.s.

Jofra Maschinen

Killion Extruders

Kuhne GmbH

Lenzing AG

Mai Virginio s.r.l.

McNeil Axron Repiquet

Omam S.PA.

Omipa S.p.A.

Plastik-Maschinenbau GmbH

Plastiprogram s.r.l.

Prendi G. & C. S.p.A.

Promatech s.r.l.

Reifenhiuser GmbH & Co.

Scamia

Sentinel Machinery

Shaw & Co.

Sherman Treaters Ltd.

Somaplast snc

Stealastic

Tecma Italia S.r.i.

Toshiba Machine (Europe)

Troester Maschinenfabrik

Union off. mecc. s.p.a

Welex inc.

windméolier & Hélscher

Woywod Kunststoffmaschinen

Achenbach Plastic-Maschinen

Afex Maschinenbau

Alpine Aktiengeselischaft,
Kunststoffverarbeitungs-
maschinen

Amut SpA.

Axon AB Kunststotfmaschinen

Bandera Luigi S.p.A.

Barmag AG

Berstorft Maschinenbau GmbH

Betol Machinery Ltd.

Bielloni Castello

Bielloni Macchine

Bielloni S.p.A.

Breyer GmbH, Maschinenfabrik

Brackner - Maschinenbau

Cellier S.A.

Cincinnati Milacron

The Cloeren Company

Colines PP&P S.r.l.

Colines s.r.l., Gruppo

Dr. Collin GmbH

Colmec S.pA.

Covema s.p.a., Nuova

Dalaker Kunststoffmaschinen

Davis-Standard

Dipiemme Dies

DolciS.pA.. Ing. L.

Egan Machinery Division

ER-WE-PA Maschinenfabrik

Extrudaids Limited

Fairex

Falcon

Fong Kee Iron Works Co.

Friul Filiere s.r.l.

Gimac di Maccagnan

Gumix, S.A.

Gebriider Haake

Indemo S.A.

Italwork s.a.s.

Jofra Maschinen

Kiefel Extrusionstechnik

Killion Extruders

Kuhne GmbH

Lenzing AG

Macchi S.R.L.

Macro Engineering

Mai Virginio s.r.l.

McNeil Akron Repiquet

Oleotti, Pio

Oimas S.R.L.

Omam S.P.A.

Omicron Plann s.r.l.

Omipa S.p.A.

O.M.V. - Officine

Plastik-Maschinenbau GmbH

Plastiprogram s.r.|.

PrandiG. & C. SpA.

Reifenhduser GmbH & Co.

Scamia

Sentinel Machinery

Shaw & Co.

Sherman Treaters Ltd.

Somaplast snc

Tecma italia S.r.l.

Tecom Scr.l

Toshiba Machine (Europe)

Union oft. mecc. s.p.a

Welex Inc.

Western Polymer Division

windmoller & Hoischer

Woywod Kunststoffmaschinen



Extrusion plants for tubutar tilms
Installations d’'extrysion de gaines
souffiées
Impianti di estrusione per film e toglie
tubolan
Instalaciones de extrusion para lamin;
tubulares
Afex Maschinenbau
AISA Automation industrieile
Alpine Aktiengeselischaft,
Kunststoftverarbeitungs-
maschinen
Amut S.p.A.
Angelo Ciola e Filhos
APV Chemical Machinery
Limited
Arvor GmbR
Axon AB Kunststoffmaschinen
Bandera Luigi S.p.A.
Barmag AG
Bassani Mascheroni & C Srl
Battenfeld Extrusionstechnik
Batternfeld Gloenco
Betol Machinery Ltd.
Bielloni Castello
Bielloni Macchine
Bielloni S.p.A.
Brampton Engineering Inc.
Carnevalli + Cia
Carvalho & Catarro, S.A.
Cincinnati Milacron
Cogemi s.r.l.
Dr. Collin GmbH
Cosmoplastics S.p.A.
Dalaker Kunststoffmaschinen
Davis-Standard
Davis-Standard
Dolci S.p-A..Ing. L.
Egan Machinery Division
Extrudaids Limited
Fairex
Falcon
Fong Kee lron Works Co.
Formac s.r.l
Future Design Inc.
Garant Maschinenhandel
Gumix, S.A.
Gebrider Haake
Herlan & Co

Indemo S.A.
Italwork s.a.s.

Jofra Maschinen

Kiefel Extrusionstechnik
Killion Extruders

Kuhne GmbH

Lenzing AG

Macchi S.R.L.

Machinery Beliora

Macro Engineering

M.AM. - Meccanica
Meccaniche Moderne
Omicron Plann s.r.l.

Piaco Co., Ltd.
Plastik-Maschinenbau GmbH
Plastimac S.p.A.
Piastiprogram s.r.l.

Prandi G. & C.S.pA.
Reifenhiauser GmbH & Co.
Reinhold, Klaus

Scamia

Sherman Treaters Ltd.
Taiwan Universal Ltd.
Tecma ltalia S.r.l.

Tecom S.r.l.

Western Polymer Division
windmadlier & Hélscher
WMW-Export-import

Zeta Plastic Sales :




Extrusionswerkzeuge
Extruston dies
Filieres d’extrusion
Fihere per estrusione
Moldes de extrusion

actual Anlagen-, Maschinen-
und Werkzeugbau
Alpine Aktiengeselischaft,
Kunststoffverarbeitungs-
maschinen
Ameg AG
Amut S.p.A.
APV Chemical Machinery
Limited
Axon AB Kunststoffmaschinen
Bandera Luigi S.p.A.
Barmag AG
Battenfeld Extrusionstechnik
BemaTec SA
Berstorff Maschinenbau GmbH
Besteniehrer GmbH
Betol Machinery Ltd.
Bohler Ges.m.b.H.
Brabor s.r.l.
Braun Werkzeugbau GmbH
Breyer GmbH, Maschinenfabrik
Briagmann Frisoplast GmbH
B & S Gereedschappenindustrie
Calcagni Mario & C.
Campagner Angelo
Cincinnati Milacron
The Cloeren Company
Colines PP&P S.r.l.
Colines s.r.l., Gruppo
Cormainc
Covema s.p.a., Nuova
Davis-Standard
Davis-Standard
Dipiemme Dies
Entex Rust & Mitschke
ERE Kunststoff
esde Maschinentechnik
Eubel KG, W.
Extrusion Dies Inc.
Facit & Incorporation
Formplast Mdller
Friankische Rohrwerke
Friul Filiere s.r.l.
Future Design Inc.
The Gauge and Tool Makers
Association
Gillard & Co. Ltd.
Hassenzah! Sohn GmbH
Hauzer Techno Coating
Hawo Metaalbewerking b.v.
Hivet ECM
ide, Bernhard
Industrie Generali Group
Komeetstaal A.E.E. Merk
Krupp Bellaplast
Krupp Maschinentechnik
KUAG - Kunststotfmaschinen
Macro Engineeri- 3
Mai Virginio s.r.l
Maplan International
Mirotech Inc.
Molde Matos
Mdlier + Sohn AG, Paul
Muller ratiolab
Nokia - Maillefer
O.CF.
Oleotti, Pio
Omipa S.p.A.
Picard GmbH & Co.KG,C. A,
PrevieroN. S.r.l.
R C M AG, Rubber Consulting +
Machinery

Rotfil s.r.l.

Shaw & Co.

Soarmoldes

Somaplast snc

Somoplaste

Techno-Chemie Kessler
Technoplast Kunststofftechnik
Tecma Italia S.r.l.

Theysohn Maschinerbau
Theysohn-Extrusionstechnik
Thyssen Edelstahlwerke
Truplast Kunststotftechnik
Uni-Flo

Uniplast Kunststofftechnik
Verbruggen p.v.b.a.

Volimar Anlagentechnik

Blaswerkzeuge

Blow moulding 100Iis
Moules de soutilage
Stampi per sothaggto
Moldes de soplado

ADS.SA

Aspoh House

Barmag AG

Battenteld Fischer

Bekum Maschinenfabriken
GmbH

Bemaco Maschinenbau GmbH

Bohler AG

Bredlow GmbH

B & S Gereedschappenindustrie

Eder. Karl, Robust-Plastik

Eubel KG, W.

Facit & Incorporation

Falcon

Foboha GmbH Formenbau

Formplast Molier

The Gauge and Tool Makers
Association

Gerstung Modellbau KG

GIEMO

Hass GmbH & Co.

Hawo Metaalbewerking b.v.

HEK GmbH

Hivet ECM

Holloway

Industrial Santa Rosa

italstampi sri

Jacob GmbH, Harry

Johnson Controis

Kobelin-Werkzeugbau

Krupp Kautex

Kunststofftechnik Waidhofen

Lamko Tool & Mold

LipsB.V.

Luger Formenbau

Magic MP S.p.A.

Mat Plast Sarl

Mauser-Werke GmbH

Mirotech Inc.

Moldoplastico, Lda.

Moulds Point S.R.L.

Miller GmbH, W.

PEC GmbH

Perstorp Compounds

Planimoide

Poltec

PPK Plastic Project

Rotfil s.r.l.

Measunng equipment for material testing
Appar.e(ls de mesure pour I'essai des
matenaux
Apparecchiature di misura per prove su
materniah
Aparatos de medida para ensayos de
matenales
ATS FAARSpA.
Brabender OHG
Ceast SpA.
Coesfe!ld GmbH
Comago s.rl.
Dubuit, Machines Dubuit
Eekoner Industrial Co._ Ltd.
Electrolux Systemtechnik
Electronic Systems S p.A.
Elektro-Physik Koin
Eltex - Elektrostatik
Erichsen GmbH & Ca. KG
Erichsen Vertrieb GmbH
FAG Kugeltischer
Frank GmbH, Xarl
Gabo Qualimeter
GEL Instrumente AG
Gottfert
Gebruder Haake
Hamme! Maskinfabrik
Heraeus GmbH, W.C.
Hess Messgerite
Hillesheim GmbH
instron International
IPT Institut far Praftechnik
Kistler Instrumente
Krautkrame- GmbH & Co
Lauda Dr. R. Wobser
Lippke Handels-GmbH
Lloyd Iinstruments
Macbeth Division
Measurex GmbH
Metravib Instruments
Mettler Instrumente GmbH
Micromet Instruments, Inc.
Mocon/Modern Controls, Inc.
Monsanto Europe S.A.
Myrenne GmbH
Netzsch-Geratebau GmbH
Octagon Process Technology
OMYA GmbH
Panametrics GmbH
Perkin-Elmer & Co. GmbH
Polymer Laboratories
Rosand Precision Ltd.
Sartorius GmbH
Scantronic Control Systems
Schenck AG, Carl
Dr. Schneider
Schoeller International
Schwing Verfahrenstechnik
Sick GmbH
Simar Férdertechnik GmbH
Solomat Verkaufsburo
Dr. Stapfer GmbH
Terwin instruments
Tesch Lascan
Topwave Instruments Oy
UTS Testsysteme GmbH
Well - W. Ebner
Wolpert-Werke GmbH
Zwick GmbH & Co.

Ryka Blow Molds Ltd. 1A . Berto Lamet

Sate System S.r.l.
Sermo S.A.

Sidel

Soltauer ZinngieBerei
Stah! Blasformtechnik
Standex International

Thyssen Edelstahiwerke
Torbay Engineering Co.
Uniloy Comec

Uniloy Moretti ‘
Wentworth Mould anc Die
Wieser Maschinenbau ‘
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