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1.Techno-Economic Requirements of Food Packaging 

Preface (1) (3) 

Pacbging is an indispensable aid for the uanspor
lalioo ol goods in perfect condition from the producer 
to the amumcr. Tecbnal, ccooomic, legal, consu
mer-m.d., IDd ecological sequirancots SC IO be met 
al die lowest possible lmlaial comumplion and eco
nomic aJSIS (c:mscmbon ol reso.sces and asonablc 
costs). The demands define parbging of goods as a 
rask of CJl!limizalion. 

The combination of different demands from very 
different SCClm'S lite 

- malerial pmlw: lion 

- pw•agia-spocess 

- wadaousing 

- Die 

resulas ia an interdistiplina setting of llSks for pa
ctaging engineering. The listing of the most impor
tant facfors to be c:onsideml in food packaging in 
figure 1.1. shows lhat lite task of packaging 
engincaing QICllds to the cn:ation of sys1em5 which 
ensure 

- ~:S =g of the (usually auromared) pa-

- compliance wilh logiscic famctions 

- Rome, udliucion or disposal or used ............... 
widlout c:realing problems. ..--&-' 

Packaging eagiaceriag is in uuth system 
enpwaing. 

Plcbgiag is not just indispensable in the disln"bu
lion of lpicullUl'll producu IO die consumer, proper
ly designed it prevenu spoilage of many food com
moditia between barveating and consumpeion. This 
is • effcclive means of waging war on wasc.e and an 
impoRant fact« in agricullUl'll deveJopmenL 

Special aaention is paid to packaging needs a • pos
sibilities in developin1 co-maies, suggesting mace
rials and :'IClhods of dift:ct value to ahem. Neverthe
ICll, no clelr dislinction CID be drawn between de
velopins Md developed countries u far u packaging 
ii concmled, sinu ~ are developing counuies 

whoSIC progress in packaging ledmiqucs is very ad
vanced. while lhere are indusuiali1Jcd counl!ics whose 
standard in lhe field of packaging lags behind 
ranarbbly. 

Viaal factors in &r. promotion of pacbging are: in
itial costs of insralJarioo and machine running; lhe 
OUlpUl ID be obcained widl standard packaging machi
nes; limil.alions imposr.d; development in progress 
and futmc ueods; selection of systans &signed to 
achieve maximum ourput wilh minimma outlay whi
le mainlaining die rtqUiied srandard ol quality • 

1.1.Introduction (1) 

In most developing countries food is bought in daily 
rations; packaging plays thercfoce only a secondary 
part. It is nevertheleu important for lhe sr.orage of 
food between comecubve harvests, for mating avai
lable industrially produced food lhat is richer in nut
rienas from a physiologic:al standpoint, for ail supp
lies from distanl coamries (such H animal pn>ldn), 
and. quite penny. ror 111e discn"bulion mc1 expxi of 
agricultmal prodacu. The ~of paclraging 
on the ecollllllly ol a c:oanuy depends dleldcR princi
pally on the StalUI of lhe food indasvy. on lhe exi
stence or a stockpiling economy, and on lhe export 
volume. 

Points of decisive importance to pac:ta&ing are: 
available raw materials. lhe manufac1Uring proc:eaes 
in use, and die manner or distribution to lhe consu· 
mer. Selecting a pac:kagin8 mllerial is a complex 
wt. A catl~n produc: may be frozen and eidlel wrap
ped or bqpd. canned. pack.!d unfrmen inlO ra1m blp 
or glass !In. dried, or even freeze.dried. In highly in· 
duscriali1.ed councrie~ decisions about poducl ptqlll'l
tion and pr.k1ging ronow two major princi .. ls: 
COSIS and maumum a<;eepcability in the matket; ~u· 
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I 
mechanicall weigN. size. condiion (Uid, iquid. gaseous. pamse, pawdary~ 

. _~- etcJ. hardness, stiffness, fragily, uface c:adions, & _ __J 

PRODUCT 
(specie sansi
tiviy) 

~-.._ __ ~] waler, waler-vapour, temperature, lighl I 
chemical 

I biological 

___ , oxygen, fora9t substances. odouls and lavows, -.mg 

,_____, miaoorplisms - sel-perishabily ~ 

I PA~G MACHINE ~ = 
(machine padormance) packaging 

malerial properties (easy shaping. worbbiliy, tidion, -
lrostalic charge, glueabily, heal selfalily, etc.) 

processing properties accessories 

-I =·-1----[J 
DISTRIBUTION lEJ =ure 
[impacts) - -- d~ 

waler (sal waler) 

I LEGISLATION I-

~ 

ENVIRONMENT 

c:abation standalds, standarcizalion, pubic heallh, food nl drug laws, trade ~ 
lalions, CQIMl8t'Cial law, regulations on c:ompeliion, agriculln, viniculwe, protection 
of labcu, traffic-, postal-. tax· and c:ustoms-syslems 

I packaging cosls I 
costs "! -~ ~ supervision 1---sales •xpences 

CDnlllllption of energy and raw malerials 
waler and air pollAion 
waste (we9d and volume) 

malerial (packaging, 
packaging 
accessories) 
labour 

uploilaliorw of ,. ........ 
produclion 
processing 
dillli>ulion 
dCposal 

Figure 1.1. FaclOf'S ro be considered in food packaging (3) 
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ring lhc last few years health and cnvironmc!llal re
quirements have also become important factors. In 
less developed economics 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 fCJr' the inlendcd purpose. 

Pagc6 

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

Fig. 1.2. shows the main factors influencing a 
packaging conccplS and the most important factors 
causing product-spoilage. 
In most cases these kinds of spoilage may t;e gready 
inhibited by sui&able packaging. Not so tanperallll&
induccd (encymalic « miaobial) spoilage. which can 
be the most important one of these factors. For ex
ample: If the saorage time of a particular fruit is 4 
days at 20 "Cit may be 12 days at 2 "C. Tbc:rc arc, 
however, limitations because some varieties of fruit 

I EASE IN I MECHANICAL 
HANDLING DEMANDS 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 IO 
ensure the consumer's supply with food of the 
same high quality as in lJcsh food or in fn:shly 
prepared food. It must be known whal mechanical 
and climatic conditions a product will be 
subjected IO, and also how much time will go by 
betwe.en production and consumption. 

• The packaging malerial has IO be COIR{l&tible 
with lhc packaged product, ensuring that tt does 
not impart any odoun Cir' navoun lO the product 
and that no subsl.ances soluble in the product ha
ve any M>Xicologic effc:ccs. 

• Packages must be easy co fill and close quickly 
and safely. The packed product has ID be easily 
disuibuted 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 ID sell icself in self-service 

arc dama&ed by exposure ro low~ (e.g. ba
nanas tum black when exposed to lempel'llUla tie1ow 
IO°C). 

1.2.2.Products tending to micro
biological deterioration 

The species of microorganisms causing spoilage of 
fresh food depends on climaaic condilions and is great
ly influenced by pH value and moiSUR con&ent of the 
food. The growth rate of microorganisms raponsible 
for spoilage depends p'imarily on storage temperallll'e, 
on the relative humidity , and the ~ition of sro
rage atmosphere, especially on its carbon dioxide con
ccnlJ'ation. Lowering storage temperature not only 
prolongs the la&ent pha.1e or the growth curve but also 
lowers the inclination of the logarithmic growth pha
se. Similar resoles ID those with low 1emperatura ~ 
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achieved by siorage in carbon dioxide atmosphere. In 
this case one must watch out foe such side effects as 
off-colouring. The usefulness of carbon dioxide in
acascs with~ lelllpCf3bUC. 

Vmious species of microorganisms can grow only if 
equih"brium relative hmnidity does not decrease below 
a certain value. It may therefore be concluded that 
whenc~ biological spoilage plays the decisive role, 
keeping quality can be increased by preferably lowe
ring SIOnlgC temperature. If the storage tcmpcralmC 
cannot be lowered below a certain limit then there is 
no other option but to shonen the time between 
production and consumption. 

Chonit:al prUOVOlioft is another way to incrase the 
shelf life of perishable products. In this case mi~ 
bial spoiJagc is inlul>itr.d by bacterial substances, but 
there are also undesirable effects to human health. 
Thedore chemical pmavalion should be l'CSlricfCd ID 

cases where there is DO Olhcr altemalive.. 

Deep frttzing, if properly done, leads to toCal inhibi
tion of microbiological spoilage if storage temperatu
re is suffuciendy low. Since deep freezing does not 
definitively destroy microorganisms and encyme sy
stems, care must be taken that the food is consumed 
as soon as possible once the fn:ezing chain is inter-
rupted. 

Sterilization by heat. if properly done, also causes 
toCal inhibition of all biological changes. After ope
ning a sterilized container, the contents are exposed to 
reinfection and should lherefore be consumed as soon 
as possible. 

Dehydration, if properly done, causes total innibition 
of all biological changes once a sufficiendy low moi
SbJl'C content has bc:c:n auained and mainlained during 
storage. All dehydrated products are hygroscopic and 
must be consumc:d more or less quickly after opening 
the conlainer, depending to their moisture sensitivity. 

The main objective of all preservation methods is lhe
refore li1e inhibition of microbiological spoilage. 
This does not prevent abiotic saaleness. Abiotic 
spoilage, however, usually proceeds at a much slower 
rare and can lherdore be detected at an earlier stage. so 
that its progress may be stopped. No general rule can 
be given as IO whether saaleneu proceeds faster in de
hydnu.ed produces or in srailiud non-dehydraled pro
ducts, since it depends more or less on previous pro
cessing and the specific sensitivity of the product. A 
hard and fast rule is lhat products more sensitive to 
encymatic changes should be sterili7.ed, whereas pro
duces incliDa: to non-encymatic browning and hydro
lytic destruction sllould preferably be dchydrared to a 
low moiscure content or deep-frozen. 
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It often happens that changes of a different nalurc oc
cur simulLaneously. For c~ product ID be marketed 
one must discover the change that will play the limi
ting role at the proposed temperablre.. All preventive 
measures have to be cri:nled on this dominant chan
ge. 

1.2.3.Moisture sensitive products 

The relation between relative humidity and mois1wc 
content of a product which is in equilibrium at the 
actual temperature is called the sorption isolherm foe 
water vapour. The hygroscopicity of foodstuffs varies 
in a wide range and must not exceed a safety limit mi
ring the product's turnover time if it is ID be protected 
from any noticeable •• .ange in quality. The ambient 
relative humidity will, in general, be much greater 
than the equilibrium relative humidity over the dehy
drated product in a package. This will cause a humidi
ty gradient from the exterior of the package to its Ulte
rior. The permissible turnover time can be determined 
if the amount of moiSbJl'C permeating the package un
der normal conditions, the filling weight. the initial 
and the pennissible final moistuie content. and the 
mean humidity gradient from the exterior ID the mrai
or of the package are known. If the calculared shelf 
life period IUrnS out to be too short, a packaging ma
terial with lower water-vapour permeability must be 
chosen. 

The safety limits of dehydraled food as observed ill ac
tual practice are in a small seal~ dependent on turn
over time and storage temperature. Even though 
almost all products are liable IO deterioration from ... 1 
causes of quality change. such as composition, prior 
processing, and ambient atmosphere, it may be said 
that moisture content and temperature ~,termine IO a 
high degree which of the changes is the limiting one 
to the product In general, the imperishability of dehy
drated food, except that of fatty products with very 
low moistuJC contents, increases wilh decreasing moi
sture content 

1.2.4.0xygen-sensitive products 

Oxygen absorption may be seen similar IO waaer va
pour absorption. However the amount of absorbed 
oxygen is much lower. A considerable pan of 
available oxygen is absorbed physically and can be re
moved by applying a very low vacuum. 

Physical absorption is followed by chemical absorpti
on, which may cause the formation of objr..ctionable 
flavours and odours. Oxidative changes, especially 
oxidative fat spoilage, are accelerated by light rays. 

Since many foodi; are more sensitive to oxygen lhan 
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lO moisbllC, it is advisable lO recommend &:lC sung: 
or oxygen-sensitive food in an aunospherc with low 
oxygen coment and the use or packages that are high
ly impermeable lO oxygen. Oxygen constilulf:S the li
mibng factor for the SIOl3gC of many dehydrated foods 
like coffee. nmhcd flOl3IOCS. dehydrated meat. sliced 
dry sausages. bacon. sliced hard cheese. dchydralcd car
rots. ficeze.driOO ~and heze.dricd chictens. 

To slow down auto-oxidative changes the partial 
pressure of oxygen can be reduced by cvacualion or 
paclaging u:lder' inert gases like N2 oc Co2• Anolher 
possll>ility is lO incRtie moisture contenL lnaeming 
moisture content. bowcYCI'. may induce browning re
actions. Therefore thc moisture content should not be 
raised ID a degree where lhese reactioos become~ 
mill8f'!.. 

1.2.S.Light-sensitive products 

Light energy may cause changes in f'.avour. colour 
and loss of vitamincs of light-sensitive products.The 
energy content of light rays is inversely proportional 
lO the wavclenglh. Uluaviolet rays are usually more 
dangerous than the visual wavelength-range. 

Simplifying the complex relations bclwce;; incident 
light. light transmission. and reflection of the 
pacbeing material and light absorplion of thc packed 
product, one may say that the bigger part of incident 
light energy which is not reflc:crcd or absorbed by the 
pacbging maraial will be absorbed by the product. 

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

1. 2. 6 .Products of high fragrance and 
navour sensitive products 

Food is - with very few exceptions (e.g. spices) -
much more scnsilive lO contamination with off. 
odours from adjacendy stored smelly products than lO 

any loss of aroma. 

For procection against any undcsircablc loss of aroma. 
relatively efficient aroma proof films can be used, 
whereas any migration of s1rong odours (especially 
inco fatty food) requires a hermetic package made of 
tin-place, 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.J .1.1. Basic requirements for the 
packaging or fruit and vegetables 

The choice of packaging fOI' fruit and vcgelablcs de
pends on the degree of respiralOry activity of the 
product. which is, for example, suong in the case of 
leafy vcge&ablcs (which tend to dry out and wrinkle) 
and berries. but rather low in tubers (which arc dor
mant) and root vegetables (which are also ahnost in
different to loss of moisture). Packaging of fruit or 
vegetables can increase keeping quality only slighdy 
or not at all and has prcdominandy hygienic 
purposes. For quickly perishable fruit and vegaablcs 
in packages it is much more important ID maintain a 
suitable low cemperalUrC. One mUSl bear in mind that 
certain t."'Opical fruil suffer low cempauturc break
down even al cemperaturcs above rreczing point. The 
period between harvesl and cold storage must be as 
short as possible for all sensitive varieties. 

The required water vapour transmission rare of the 
package depends on the variety; perforated pol}ethyle
ne or shrink p.tekages (on trays) with open ends arc 
frequendy used, since oxygen and carbon dioxide per
meabilily are required. Packages should be uansparmt 
lO allow visability of contenL Wet strength is requi
red for washed vegetables and soft fruiL 

To prOleCt 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). Bulle height and number of layers depend on 
the product lO be packaged. Specially formed inserts 
made of foamed or unfoamed PS. PVC. etc. are 
recommended for very sensitive goods. Air cireulation 
should not be obstructed. 

The si7.C of retail packages should improve shelf utili
zation, allow a more effective presentation, ease the 
transrcr from shop to home, and should - above all -
be a mca.-;ure of hygiene. The most suitable packa
ging mah:rials arc uansparcnt with sufficient gas- and 
water vapour permeability. More impermeable packa
ging maccrials have to be suitably perforated. 

Trays made of rigid PVC and PS (al:«> foamed) are 
~mended for very dclicacc goods. Perl'orarcd trays 
or small baskets are preferable for berries because 
they avoid an accumulation ot liquids. Sufficiently 
perf oratcd bags made of PE or nets or sacks made of 
plastic fibres are used for heavy nominal concents. 



Trays of foamed PS which are wrapped wilh shrinka
!>le films are very often used. 

1.3.1.2.Bananas 

The proper marketing of bananas depends on conb'Ol
led artificial ripening in cenlral ripening rooms. 
Mixed ripeness is the greatest problem in the trans
port of bananas. To avoid ttis it is important that 
conditions of lmlSpOrt should approximaae optimum 
storage conditions fer unripe fruit. which arc a lempe
rature of 13 °C and sufficient ventilation to prevent 
any accumulaticn of elhylene in the storage environ
mcnL Bananas arc usually packed as hands or fingers 
in cartons or wooden boxes. Fibreboard boxes have 
certain tt.chnical and ecooomic advantages. 

1.3.1.3.Citrus 

Citrus fruilS arc ttansported successfully ev ':11 over 
long diSlallc:es at temperatures between 4 j and 7 ;J. 
oc. 

The most common containers have about 29 dm3 ca
pacity. holding a net weight of just about 20 kilo
gnunms. Mesh and pmorared PE~ are wioely used 
as consumer packages. 

1.3.1.4.Pineapples 

For long distance transport pineapples are packed in 
wooden cases with wood wool as prolCCtive marerial. 
A ttansit period of approximately 2 weeks at 10 °C is 
about the maximmn for pineapples, provided the fruit 
is picked at the right stage of ripening. Care must be 
taken to prevent the dcvelopcrnent of water blisters 
(cerestomeUa paradoxa). 

1.3.1.5.Papaws (Papya) 

Papaws are vecy difficult to be exported because of 
their susceptability to saorage and transit rots and be
cause there are many different strains. S1rains wilh 
greater resistance to disease are usually of inferior fla
vour. Rapid ripening at high lemperalUre and humidi· 
ty in ripening rooms represses mould growth. 

1.3.1.o.Mangos 

Mangos are generally picked in a hard, green conditi
on and will subsequently ripen wilh good flavour. 
Anthracnose is a problem in some countries but good 
concrol of this disease has been obtained by hot water 
treatment applied after harvest. Optimum 5torage lem

perature is about 13 "C and srorage life is 2 • 3 weeks 
depending on variety. Controlled atmosphere and PE 
bags exrend storage life. 
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1.3.1. 7 •. \ vocados 

Avocados, IOO, can be picked in? green, hard conditi
on. Fruit maturity. cultural pnctices, variety, and cli
matic conditions during fruit development affect the 
sensitivity of avocados to low temperatures. At an 
optimum storage temperature between 7 and 13 "C, 
you can reach sroraic life about 4 weeks. Controlled 
atm ~ and packing in PE bags will inacasc s~ 
rage life. 

1.3.1.S.Passionrruit 

The purple passionfruit is one of the most popular 
sort of fruit grown in the tropics and sub-tropics. 
Considerable loss in weight occurs during storage, but 
lhis can be prevented by storage in PE bags. Optium 
storage tcmperalllre 5 - 7 "C, storage life 4 - 5 wects. 

1.3.1.9.Litcbis 

Licchis become unsaleable in 3 days. Stored at 7 "C in 
perforated PE bags. a st0rngc life or 3 - 4 weeks can 
bcobained. 

1.3. J..10. Vegetables 

Adequate ventilation or the package is the most im
pcrtant factor in the transpOn of vegetables in the tro
pics, and spacers are ofren ncccssary in rail b'3l1Sporl 

IO provide adequare ventilation for the bags. Washing 
and prepackaging is becoming more wide-spread in 
1ropical counlries and an extension of imperishaDility 
using perf orafed flexible film bags has been obtained. 

1.3.1.11.Nuts 

Macadamia. cashew, and pecan comprise the majority 
of nulS grown in tropical and sub-tropical regions. 
The first two varieties are used almost exclusively for 
processing purposes. Shelled nuas may be held in cer
tain types of transparent gas-light laminated plastic 
bags under vacuum, carbon dioxide, or nitrogen for a 
maximum of about 3 monlhs at 21 "C. The limiting 
factor is the gradual diffusion of oxygen through the 
package and its innuence on brui~ surface regions. 
For longer periods the nuts should be kept under rdri· 
gcration. 

1.3.2.Dairy products 

1.3.2.1.Basic: requirements ror the 
packaging or dairy product5 

Packaging for dairy product<: ha~ to 

• be in accordance with the rc.~pective food laws, 
i.e. the use of the packaging materials and 
packaging accessories which come inro contact 
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will:. the iillea product must be ailo~ for tt.e 
intended purpose 

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

- have sufficient barrier properties against 
pencttalion or foreign aroma substances 

be low in germ content because or cm)' microbi
ological spoilage 

- guarantee suflicicnbt p·lleClion against light 

- be adequately resistant a&ainst foreseeable 
demands or transport and S10rage 

- be easy to open; it must als.o be possible to 
empty die contents completely 

- be n:closeablc if the product is not used fully at 
once 

- ha'VC wet strength. water- and product resislance 

- have printing which docs not rub off and is free 
of odours. 

Moreover. composite pac;Uging materials must not 
dclaminale. 

1.3.2.2.Pasteurized milk, cofl'ee cream and 
whipping cream 

Pasteurized milk and cream with different fat contcal 
tends to 
- spoilage by micro-organis1ns (which will be 

inaeased by intemJpf.e.d refrigeiabon) 

- absorption or 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 - SO counts/dm2) 

- 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 ro prevent penetration of odours 
and flavours 

- sufficient light absorption for wave-length up to 
SSOnm 

- sufficient wet strength. 

PE-laminated boxes, cups made of PS, PP or PVC or 
cocxtruded PE-films (dyed dark on the inside) are sui
table for imperishabilities of up co 8 days. 
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Up to one ycar-imperishabililies in plastic containers 
are or.ly ~ble with adequate sidc-thic~ and~ 
per lighqxoof dye (HOPE- or PP cups). 

1.3.2.3.Aseptic packed and sterilized milk 
or cre•m v.itb different fat contents 

The most important specific sensitivities are 

- re-infection (microbial spoilage) 

- Ulorption or foreign odours and flavoms 

- formalion of light-induced off-flavour lhrough ~ 
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 fdled 

- be closeable in germ-tight condition 

- be free or odours and flavOUJS 

- have sufficient barrier properties against foreign 
aroma suhc;tances 

- be light- and oxygen-proof 

- ha'VC wet strength and 

- be liquidproof. 

Cups made of PS. PP or PVC are suitable for impe
rishability of up to 10 weeks. Longer periods or 
imperishahUity are achieved by plastic cups made af 
HOPE 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 
millc products arc 

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

- post-acidification at temperatures of more than 
10°c 

- whey-precipitation and deposits of gel, or 

- decomposition of gel whilst whey is extracted 
(yoghurt) 

- absorption of foreign odours 

- oxidative changes by light and the innuence of 
oxygen 

• formation or carbon dioxide (kefir, sour milk). 



l .Tcchno-F.conomic Requirements of Food Packaging 

Means of packaging h.~ve ro be water-resistant; they 
must have sufficient wet strength; pacbges including 
closures must be light. Easy opening should be 
possible and hygienic protection of lhc upper cup-ed
gc is nee&d for drinking cups. One-way packages and 
their seals have ao be as sterile as possil>lc or must be 
sterilil.ablc prior ro filling. Gas drainage for produel'> 
dial form carbon dioxide should be possible. 

Yoghurt containers should ha"-c sufficient stability in 
order 10 keep the yoghurt gel. lmpenneability IO fla
vours. proleClion against light. resistance to cthcrcal 
oils. fruit acids. and lactic acid are additional require
ments. 

Cups and dishes made of PS. PP or PVC (dyed suffi
cicndy light-proof md perhaps also PVDC-laminaled) 
are recommended just as much as prevalent plastic 
packagings for durabilities of up IO 6 wt.eks as do 
cups lhal are formed just prior to fdling. laminared 
paper cups or almninium-foilcd combinations. 

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

1.3.2.S.Butter 

Slight desiccalion {development of yellow oil edges), 
accompanied by a change in taste and appearance. 
light- and oxygen-induced nmcidncss is just as much a 
problem as the adoption of foreign flavours and 
odours and the laldency to microbiological changes. 

Packaging materials must lhercforc be resistant to 
fats. have sufficient wet Sb'Cllglh. and must be persi
stent to flavours. Packaging marcrials wilh low waler 
vapour permeability like plastic-coaled paper or PVC 
cups arc ncccssary for impcrishability of even up to 
12 days al 10 ° C. lmpcrishability of up ao 3 weeks at 
10 ° C can only be rcached wilh means of packaging 
lhat arc impermeable to waler vapour and light. e.g. 
aluminium laminalal composites or cups wilh the sa
me ~- Longer imperishability can only be al· 
lained at storage liempenlblmS lower than 0 ° C. 

1.3.2.6.Fresb cheese 

Microbial spoilage, particularly due ao yeasts and 
moulds. precipitation of whey. sensitivity ao light as 
well as absorption of foreign odours and flavoun are 
svccilic sensibilities of fresh cheese. Packagings 
should lhcrefore be low in germs. seals should be 
proof ao microorganisms wilh adequate protection 
against light (lhc higher lhc fat concent. lhc more sen
sitive); impenncability ao flavours and odours. fat 
resistance and impermeability IO fat should be guaran· 
teed. There should be as liulc hcadspacc as possible; 
and easy opening should also be ft.aSablc (packages 
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for more than 25G g content should also be rcclo
seablc) 

Cheeses -.ilh little dry mauer demand stable-formed 
pactagcs. Cups made of PS or PVC wilh adequate 
sidewall-thickness are gcncrally used. Forming prior 
to filling is advisable for longer imperishability. 

1.3.2. 7 .Semi-hard and bard cheese ia porti-
oa packs 

Major problems are 

- Spoilage due to yeasts and moulds 

- tcmperalUrC sensitivity (~ of fat and 
further ripening wilh changes m odour. flavour. 
and c:onsislency) 

- scnsilivity ao light and oxygen 

• dcsiccalion in cooneclion wilh loss of weight and 
changes in oomislence 

• scmitivity agaiDSl loss of carbon dioxide 

- absorption of odours. 

Means of packaging should be low in gcnns (particu
larly mould spores) as well as fat resisaant and grease
proof. Permeability IO oxygen. water vapour. carbon 
dioxide. and also to odours should be low. Packages 
must have sufficient tear- and puncture strength at 
cooling lemperabJl'C and should be hermetically scala
ble {heat-sealablc packaging materials). 

Film combinations made of cellophane. PET-P. PA. 
and polyolcfms (particularly LDPE) are used. Lamina
tion widl PVDC, gas-tight films for evacuation such 
as PVDC-shrinkable films or better still CC>i- gas 
flushing (which suppresses mould-growlh) is recom
mended for longer storage periods. 

1.3.2.1.Proceaed cheese and preparations 
with different ingredi~nts aad 
spices 

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

Packagings have IO be low in genns and free of mould 
spores. fat resistant and greaseproof. wilh low ~
mcability to oxygen and water vapour. Olhcr requare
mcnts are corrosion-resistance against emulsifying 
salts and kitchen salt, rigidity (particularly in CMC of 
cheese spreads) and temperature resistance (in case of 
hot filling at 70 - 80 °C). Means of packaging should 
not stick ao the cheac, and lhc packages should be ea
sy IO open and recloseablc. 
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Pbst.ic tubes. cups. and ftlms (for hot filling). P\'C
la'!llinaled films made of cellophane. PET-P or PA 
and polyofms (for packaging under prolCClivc gas or 
vacuum) are used for imperishabilitics of up to 3 
months. Suffacient prora:tion 3g8inst light by means 
of printing. dyeing or additional packaging shc.uld be 
striven for. 

1.3.2.9.Unportioaed claeese 

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 oon
texL HOWCVCI', it should be pointed out that cbeeses 
with spreading- or moulding formation tend to deve
lop abnormal flavours in case of insuffacient COr 
permeability which does not lake 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 illustrare the 
use of plastics as IDQllS of packaging are: 

Swiss cheese in block form: Means of packaging 
that are oxygen- and wara vapour proof. fit lighdy to 
the surfaces and follow the expansion in volmne. like 
PVDC or PET-P. which is used in form of ewcuable. 
shrinkable. lightly closed bags or falms. 

Gouda: Evacuable, shrinkable bags of PVDC are 
used as callings. 

1.3.2.10.Dried milk 

The main scnsitivilies of dried milk are 

- Oxidation by aamospheric oxygen 

- light-flavour 

- hygroscopicity 

- absorption of extraneous odours, and 

- microbiological spoilage. 

Packageing-properties must lheref ore meet all those 
demands; they have ro he nx:loseable in case ol largtt 
portions. 

These demands n met, for instance, by heal-stalable 
combinations with aluminium foil, water vapour· 
tight cardboard boxes wilh or without inner bags ma
de of PVC-coaled paper or PVDC-coated plastic film. 
Ni- or vacuum packaging in gaslight bags or melal 
coniainers allows durabilities or up ro 3 years. 
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1.3.3.Meat and poultry 

1.3.3.l.Portioaed rresb meat 

In general fresh meat is not marketable without that 
bright r."" colour formed by oxymyglobin under 
~ Ol ..bnosphcric oxygen. This colouring keeps 
only for a limired time and is also dcpcndcnt on cem
perabll'C. Fresh meat is sensitive to desiccation and 
oxidation under the influence of light, to absorption 
c:;f sttange flavour.. and most of all IO microbiologic 
spoilage. A SIOl'age lallpcrabDC of - I "C is necessary 
for opcima1 imperishability. 

Films for packaging must have great oxygen perme
ability. moderate waler vapour tJCflDClbility. grease 
resistance, and wet stm1gth. The SU"ength must be 
sufficient for suains caused by cooling temperature. 
Depending Oil each pacbging procedure. Sln:fehability 
or shrinbbility as well as good beat sealability is re
quRd. 

Suitable marerials are: Soft PVC films (stre:chable or 
shrinkable) and tissue films made of oriented PE 
(fatted to prevent waler vaJK>ur). cellophane films. co
aled on one side only. Portion uays can consist of fo
amed PS or PS wilh high impact strength. These 
pacbges have above all hyeienic purposes and coun
lti' my loss of wcighL 

1.3.3.2.Portioned minced meat 

The mincing process makes meat highly liable to bi
ological spoilage. Packaging has IO meet the same re
quirements as in die case of fresh meat. It is therefore 
recommended IO use the above mentioned packaging 
malerU · ilile keeping a storage temperature bet
ween -I and+ I °C (never for longer lhan 24 hours). 

l.3.3 .3.Fresh meat la evacuated storage 
packa1es 

Frah meat pack.ed in large portions in order to mature 
or to be a supply of stocks is particularly endangeml 
by m~ spoilage; maximum hyg'.cne du
ring processing is therefore essential. Evacuation in 
order to delay spoilage brings about a change in 
colour, which is, however, IO a large exrent reversible 
by ac.ceu of air. 

Storage should lake place at a temperalUre of O °C; 
larger amounts or piling pressure should be avoided, 
for such prasure favours the secretion of meat juices 
(this is also the reason why meat is cut along fibrous 
bonier lines). 

Packaging materials must have very low oxygen- and 
water vapour permeability. Resistance propenies 
must furthermore meet the conditions or restapling 
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and ttansport. Gas-tight dipping or scaling must aJso 
be possible. 

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

1.3.3.4.Deep-frozea portioaed aeat 

From the market's point of view bright red surface 
colour is required. Deep-frozen meat IDUSl be~ 
against desiccation (frost blight). ahuplion of fo
reign flavours. and the influence of ligbL 

The means or packaging must have adcquafe stralg1h 
for lhe ICID~ applied and low pcnncabilily to 
waler vapour. light (unless stored in dartness). and 
oxygen. They must also fit tigbaly to lhe producU 
packaged (strelChablc or shrinkable. if need be also 
cvacuable). 

Economy-sized packs use vacuum bags made of 
PA/PE or PET-PIPE or shrink bags made of PVDC
laminaJcs or PET-P. Fol" small-size packages. poly
mer-coaled c.ellophane (for ~frcczing} or polymer
coaled aluminium foils are used. lmpcrishability of 
up to S months can be aaaincd at 
- 20 "C, cold resistant foils of low oxygen penneabi
lity under vacuum at -30 "C bring up to 9 monlhs, 
with primarcly colour conscrva•ioll as limiting factor. 

1.2.3.S.Deep-frozea minced meat 

Basically lhc same rcquircmencs as mentioned above 
arc expeclt.d. 

Plastic coated aluminium cups. bags made of alumi
nium-compound foils. and cups or bags made of lar
gely water vapour- and Oavour ~ bcat-sealablc pla
stics with adequalc low p-eme penneability are med. 

1.3.3.6.Fresb poultry 

Due to easy microbiologic spoilage. boch, tilling and 
packaging proccdura, must lake place with u liulc 
as possible initial microbial contenL Too much expo
sure to light ii dangerous. Storage should lake place 
at les.~ than 2 "C. 

Means or packaging must have low Wala' vapour- and 
oxygen pcnncability, adequate strength at O"C and 
should be as suetchable or shrink-able (depending on 
packaging procedwc) as possible. 

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

gen pcnncability ror storage. Heal-scalable films made 
of cellophane. PE or PVC. with presentation uays 
made of PS. suffacc for short tum-over periods. 

Ovcrwnpping with a boUom fold. with strcldt film 
on top and shrink film at the bottom is oflCll used in 
fully automalic pactaging. 

Impcrisbabililic:s of up to 2 wccts are possible. if hy
gienic S1aDdads have been mainlaincd during producti
on and if lhe refrigaaaing chain (0 "C) bas not been 
inlocnupfrd. 

1.3.J. 7 .Deep-frozea poultry 

Frost blight (c:bmges in colouring and accclcralal fat 
1311cidness). sensitivity to light. aid absorplion of 
sttangc flavours arc lhe main problems in storing 
~poullry. 

Pacbging marials should be impcnneablc to waler 

vapour and oxygen. with as liulc aransluccnce as pos
Sl°blc (m case of the hazard of saoragc in full light). 
Adequafe resis1ancc at -20 "C • and high SUCIChability 
or shrinkability should make packaging malerials fit 
closely to the product (to avoid frost blight). 

FdJns made of PVOC and PET-P IUbes arc lhe usual 
means of packaging. A saorage lrmperallll'C of -20 "C 
iiliiows for imperisbabilitics of up to 9 months. 

l.3.4.Pickled and salted meat pro
ducts 

Oxidation processes lhat are strongly accelerated by 
the influence of light and by higher temperatures 
bring about changes in the colouring or the red pickle 
colouring maua and to fat oxidation. with tnc two 
pOCCSICS aa:elaaling each ocher. Dcsiccalion leads al
so 10 changes in colouring and in consislmcy. Low 
initial baclaial content has to be mainlaincd, particu
larly in case of cooked and cut pickled produclS. 

Packaging oc:cun usually under vacuum or inert gas 
(lowest possible oxygen c:cntent is especially required 
in case of access of light) in oxygen-proof (and lhcre
fore also adequately water vapour-proof) films. Films 
with lower impermeabilities can be used in case or 
shorter turnoVa times and sufficient light procection 
(additional packaging, aluminium composites. prin
ting). The means of packaging must funhennore be 
fat resislant and gn:uc-proof', must show good heal 
scalability and have robe scrong enough ro endure the 
manipulations customary to wrapping. 

ProduclS v..ss sensitive to oxygen (different kinds of 
sausages) are not usually packed under vacuum (Jftdo
minantly hygienic proc.ec1ion), and sometimes a pro-
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ccss of dcsiccalion should be achieved by using water 
vapour pcnneablc films. 

Film combinations made of cdlophanc. PET-P Cl' PA 
with polyoldins (particularly LDPE) as well as non
uanspan:nt combinalioos ~/PA/P'E. PET-P/PAJPE) 
arc suiaable for vacuum- and inert gas pacbging. De
pending on use. l1al bigs or deep drawn COlllaincrs 
wilh lid-films are applicable. Troughs may consist or 
PET-P/PVDCJPE. PVC/PVDCJPE. PAJPVOC/PE 
of combinations of PVC or PA wilb PE (sufficient 
lhictncss or material). Cellophane/PE-. PA/PE-. 
PVCD-. PET-PJPA/PE-. and PP/PA/PE combinati
ons arc used for sausages in evacualCd P"*aF 

Packaging without oxygm-withdrawal uses Wlfa' va
pour penncable c:cllophanc (difl'Clall kinds or l3W sau
sages in natural sausage skins) or falms made or 
PVDC. PE. PVC. md wara~ cellophlae (raw 
sausages in plastic sausage skins with low w.ra va
pour pcnneability). PS. HDPE. PVC. paper/PE. and 
P A/PVDC/PE are used for clclicatessen. depending on 
imperishability required. 

Keeping <:uality of prodUCIS for which desiccalion (in
crease or salt concenb'alion. formation of a spt.Cific 
micro-flora) is possible or even desiml. is on princi
ple higher than lhat or od1Cr pickled products; al very 
best (high degree of dehydralion. low oxygen aJlllCDl. 
procection against light. small surface) keeping lime 
can be up IO 4 months al IS"C. 

Other pickled or salted meat producls ha¥C mostly 
high water contenL Processing lemperalUJeS are not 

sufficient ro desboy germs (in par1icular spoRS}; kee
ping quality is lhereforc as a rule limited IO up ro 3 
weeks. even al lower SIOl3ge remperatuRS (approx. 4 
°C). 

Sumcicnt procection against light provided, vacuum
pacted bacon can be srored up IO 4 weeks al 10 "C. 

1.3.S.Portioned deep-frozen fish 

Proleclion against desiccalion (frost blight), light and 
oxygen (oxidation tendency illCR8SCS rapidly with 
rising remperawres, particularly in case of fatty fash). 
Lean f ash develops a sarawy consistence if stored at 
insufficient cooling temperature. 

Suicable packaging has ro be resiscant ro IOY .:mpe
ratures, and ro a large excent impermeable II .,,iygen. 
odours. and navours, and must have high water va
pour impermeability. Sufficient procection against 
light is essential, particularly in case of fauy rash. 

ProduclS with low sensitivity (breaded or pre-fried fish 
producc.i) are packaged in printed cardboard boxes. 
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Packages for all ocher products arc made of PE-lami
nated bosd (perhaps wilh SeparalC inscnable bigs or 
wrapping films made of PE/cellophane); vacuum 
packages made or PE/cellophane or PE/aluminium. 
boil-in-bag packages made of HDPE. PAJPE. PET
PIPE. and shrink films made of PVC and PVDC arc 
also used. 

1.3.6.Baked goods 

1.3.6.1.Darable bated goods 

Pactaging of durable baked gooc1s must rust or a11 
differentialc according IO lhc procb:t-spccUIC moistlft 
coalml. FOi" poducts wilb litde moisture, loss of 
crispness is usually lbc dominating loss in quality; 
additioaally, daanges in flavour due to oxidative 
processes, loss of aroma and absorption of foreign 
odours ba¥C to be observed. Microbial spoilage and 
cbangies in mnsislcncy because of desiccalioo arc addi
liooal problems for poducts with higher moisture 
COOICnlS. 

Means of packaging should exhibit low waler vapour 
pcmaeability, diminish lhc influence of light as much 
as possa"ble. be nearly gas-tight. and have liulc oxy
gen permeability. They must be resislant IO flavour. 
prevent transfer or flavours mad odours. md also pro
aect lhc product from mechmical damages. 

PE- or PVDC laminated papers and boxes, weather
proof SltlJ/or polymer coated ceUopbane, combination 
fdms made of PE, PVDC, and cellophane as well as 
aluminium-laminated foils oc completely prinled 
films me used in many different ways. 

Depending on fat- and WlllCf concent.. lhese prodUCIS -
if suilably packed - keep quality between 3 and 12 
monlbs al 20 "C. 

1.3.6.2.Fresbly baked goods 

Packaging engineering cannot prevent baked goods 
becoming Slale. On the one hand. waler vapour dis
charge should be possible in order IO avoid lhc crust 
getting llale (balance or moisture concent between 
cnunb and aust); on the other hand there has to 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 or packaging selected 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, ofien perforaled in order to 
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provide a bcacr exchange of moisuR. arc used. Mo
re sensitive products wilh fillings or fruit gamis
hings are put on specially formed cups or ttays 
which~ mechanical d;nagc. 

Warer vapour pcnneability. fat rcsisaanc:c:. grease 
impenncability. and prolCCtioo against light must 
be dc:manded for fatty fme amfcctioncry. Howe~. 
a1 abe same lime aaenaion must be paid to lhc fact 
that abc dangu of moulding in cae of high equili
brium moisture is YttJ high. 

Pactaging of SllCrilizcd cut bmld bas ID be Waler va
pour proof and - even under conditions of stailizali
oo - indifferent IO odours and OaWUIS. Suilablc .... 
aerials are PVOC-laminaled layers. PE-lammlrA 
cellophane. and PE-laminaled almninium fOlls. Jm.. 
perishabilily belween 6 and 12 monchs cm be IChic
wd. 

1.3.7.Edible oil 

Edible oil acnds ID become rancid in abe prcseoce of 
oxygen. This is aclllalCd and accdenled by abc in
fluence of light. particularly in abc UV-rmge. Hea
vy mcaallions (e.g. or mppcr. iron) and manganese 
induce rapid degradation or edible oils and mluce 
shelf-life. 

Packages should prou:ct against oxygen and light. 
must be absoluady oil-light and oil resislanl, wl 
should have as lialc headspare as possible. JR(eral>
ly filled wilh inert gas. 

PVC-botdes offer almost similar good proflCClion as 
tin cans or glass bouJcs. provided the special requi
remcnas are met. 

1.3.8.Dried food 

Requimnenls Oil packaging maraials depend. in !he 
cme or dried food mainly on lhe respeam product; 
however, as a rule 10111C basic packaging ~ 
menlS must still be observed: 

- wara vapow- and oxygen impermeability 

- proccction against light 

- resistance to flavour 

- fat resiscance (for soup cubes, meat. fish, dried 
soup, CIC. 

Sugar and salt are on the conll'al')' rather insensitive~ 
except against high humidity. 

Page IS 



2.Plaslics in Packaging Production Page 16 

2.Plastics in Pack~ging Production 

2.1. Fundament2ls of plastic 
application in packaging 
(1) (2) 

Fa"°'8ablc properties like 

- low specUIC gravity• 

- ~shaping. 

- durability. 
good barrier piopenics. 
visibility of conlenl,, 

- suilability for many pnposcs. and 

- wide range or applicalion by use of additives and 
combinations of different plastics as well as 
combinations with other maraials (composites) 

md their special combinalin meet lhc many demands 
for lhc packaging or foodstuffs. Because of lbe wide 
variety care must be exercised in lhc c:hoic:e of falm 
used for any particular product. And knowlcdgc or the 
barrier properties of lhc most common fabns is lbere
forc cssenlial (Fig. 2.1 .. 2.2.. 2.3.). 

Plastics have many uses as means of pacbging: 
wrappers. bags, and pouches arc made from flat and 
IUbular films; cans, cups, anc: trays arc produced by 
lhc:nnoforming; many articles arc made by blow- or 
injection-moulding. Olhcr faclds of plmtics applicali
on arc shrink and stre1eh falms, wrapping aapcs and 
tear' scrips. Additives lite 

- processing Slabili1.CfS; 

- lubricants; 

- light Slabilizers; 

- lonerS, fillers. and dyescuffs; 

- sofrening and anlislatic agenas; 

- opcic:al clarifas; 

- impact EOugheners 

exrend We properties of plastics and, above all, im
pnwe lheir processing: 

However, additives should be applied as sparingly as 
possible. 

The slill increasing variety of plastics {particularly in 
technical use) md lhe wide range of application make 
a comprehensive and still short description dirficult. 
Only a brief review can be given in this con1ext. 

2.2.Special procedures 
plastics packaging 

2.2.1.Stretching 

in 

The utility of plastic falms can be impro¥ed for 
special purposes by stntdriag. Stretching brings ab
out .. oriaMl«ion of the molecular chains and inaa
ses ttSisaance lengthwise. while diminishing lhc saa
ching dirccboa crosswise. Biaxial strde/Ug brings 
about a glCDenll CJricntaaion Briulcncss is mluced. and 
lbere is u aagmenaatioo of rigidity and sboct 
RSissanre Transpan:ncy and COHS1ancy of thictness is 
implovm. permeability against gases and ~ is 
aabm. 

2.2.2.Shrinking 

Shrinking is basically a rclaxalion or film-u:nsion f m
ducal by Sll'Cfdling) by heat. The amount of shrinkage 
and sluinting rensioa depc11ds OD applied biipCialC 
and OD the ~ or induced revasal>le deformation by 
samcbing. 

The most commonly used films in shrink wrapping 
me specifll'Jll in lable 2.4. by key dala for specif1t pro-

~ 

Shrinkage of falm changes its propenies, affecting 
some cbmaclerislics more lhan Olhers. 

Shrinkable films me used in food pactaging for many 
"3SOllS. 0ae advmdlge or shrink wrapping is 111e abi
lity IO wrap awkwanlly-shaped articles such as poul
lr)'. ham. CIC. In some cases il is possible ID be more 
economically efr1eient: Trays arc usually provided 
with a periphenl rim or bed in order &o wrap the aray 
with just enongta ra1m ID cover the rop and to shrink 
round die rim inSICld of covering the aray entirely 
with an ordinary ovawrap. Shrink wnpping as a me.
ans of pacbging (or shipment becomes more and ~ 
re impor1mlt for economically elf 1eieat packaging, for 
disln'bution. 

A further advanrage of shrink wrapping over normal 
ovawraps or bags is .. effective reduction of lhc risks 
of mould growch or "freezer bum" (due to surface • 
hydration). 

2.2.3.Heat-sealing methods 

Wilh the use of lhennoplaslic films, surf ace and wdd
type sealing have become important procedures in 
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Cll .D .. .. u u-

atillil:s x x x 
brdlnir.y pdJc:lbyklic LDPE x x x x x x x 
lifllclrmiy pd)dlylaic HOPE x x x x x x 
polYJ*opylcnc PP x x x x x x 
polyvm!f cbkrile PVC x (x) x (x) (x) (x)* x 
polyvinylidcnc chloride PVOC x x 
polystyn:ne .. ) PS x (x) x 

SIJlalC ~yr••> SB x x 
polyamidcs PA x x x 
polymdlanc PUR 
cdlylcnc vinyl alcohol EVOH (x) 
poly carbonale PC (x) x 
jdJdlyklcb:iiddlt PET (x) (x) (x) x x 
ianomcrcs ••••) (x) (x) (x) 

(x) only in special cases I rarely used 
• compound maraial for boale closuRs 
••) llalSiJatCm 
-> impact iaislanl, opaque 
••••) c.g • surtyne 

Table 2.1. Examples for die use of plaslics in food packaging (3) 

0 0 
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i i I :§ I 
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l I ~ '8. l a 8 
·2 

§ i e 
'8. ~ ~ '8. -i 8 = .2 8 

high rcmpealUR resUaanc:c x x x x x x x x 

great saengdl x~ x~ x~ x~ x x x 
high SLiffnc:a x x 
low war« vapour permeability x x x x x x x 
low oxygene permeability (x) x (x) x x 
1ooc1 wddability x x x x x 

~ biaxially oriemtd 
(x) moiSllR dependent 

Table 2.2. Dominadng packaging propertjes of plalllic films and aluminium foils • wdl • board and paper for the 
production of composirc malCriaJ (3) 
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dcmily rigidity lmSile elongalion lel•!pClllUl'C WllCr YapcD' <>i~ C<>i~ 
stralglh llrupblle resi~ permeability ability ability 

(E-modulc) 
an3·mm an3-mm ~3) {N/mm2) (N/mm2) (Cl,) {°Q 

~ m d ml·ctt.. m7·ctt.. 

cdlulQsic s 1.10-1.45 -3000 2.0-100 6-10 40-90 0.10-402> 
LJ>..polyethyleae 0.92 -200 8-10 2.0-700 80 0.16-0.64 130-300 750-1780 
HD-polycdlylcnc 0.96 -IOOO 17-30 15-100 105-130 0.16-0.17 50-110 12.0-310 
polypropylene 0.91 -1400 200-350 100 90-130 0,.()7-0.16 35-90 170-320 
rigid-PVC l,3S-l.40 -3100 50-<J() 2-40 65-80 0.20-0.00 2-7 S.3-ll.O 
soft-PVC 1,16-1.35 -40 7-3S 200-450 65-80 3.2-lS 
PVDC 1,,65-1.72 -400 21-3S bis 250 10-9S < 0.2 < 0.4 < 2.3 
polystyrene l,(M-1.06 -3000 4S-SS 3-S 'JO.BO 2.00-2.SO 100-190 330-1200 
polyamide 1.12-1.14 1800 4()..6S 80-180 80-IOS 0,.90-1.80 0.6-6.0 2.S-10.2 
polycatdw: 1.20 5()..80 

edlylcn vinyl 
s 1.sot> s 0,,()41> s1.101> a1colde 1.IS-1.20 3700 so 40-90 

polyadJonale 1.20 2300 (JO (JO 100-150 0.2S 65-97 4SO-S20 
polyaller 1.20-1.40 4000 4()..(1() 2-4 90-120 0.32-3.00 0,9-4.S s.1-11.0 

0,93-0,.97 200 14-16 350-400 70-7S 

I) in cky c:ondilion 
2) depending on COiiing and moisbuc content 

Table 2.3. Malerial key data (sundanl ~ues) d plaslir.s according to diffaent bibliagiapaical rdemm (3) 

Maximwn Shrink Film Shrink Commacial Sc:aling 
Shrinkage Tccsion Tcmpcnllft Tmmd fcmpeaallae 

Range Range TeaipaMIR 
Range 

, (ti) Ntrnm1 cg cg cg 
Low density polyethylene IS-SO 0,4-4.0 90-120 12.0-lSO 150-200 
Polypropylene 70-80 2.1-4.2 105-140 150-230 160-200 
Polyvinylcbloride 50-10 1.0-2.1 65-ISO 110-ISS 135-175 
Polystyrme 4()..(1() 0,7-4.2 100-130 130-1(1() 120-ISO 
Pol,ata 40-50 4.9-10.S 70-120 110-ISS 
Rubbt.r hydrochloride 30-50 1.0 -2.S 65-110 110- ISO 80-120 
Polyvinylidene chloride 
co-polymer 30-(i() 1,0-1.S 65-110 110-ISO 80-120 

Table: 2.4. Properties of shrinkable films (I) 



packaging. The main advantage of these joints and 
closures is lhat they have about the. same barrier qua
lities as the packaging material ilSClf. Especially in 
food packaging for reasons or hygiene and tccping
quality the package must be impcnncablc IO cmt. mi
ao-ugmisms. liquids. wa1.er vapour ancVor oxygen. 

WeW '1IH setdillg is lhc fusing of two unsup
ported lhc:nnoplastic films through the effect of bc:al 
and. wbcrc my. also pressure. ImmMi•ly af'ICI' 
the wdding process all welded joints arc soft and 
without any mechanical strength. The original 
SlrCDilh is rcacquimf aflCI' cooling off IO about room 
tempcralme; the fusing area must not be stressed 
during this cooling period. Most of the scaling 
equipmenl include means IO cool the seal afaer 
welding by pressing lhc seal between lO cold mcaal 
bars. Only lhosc methods in general use in the 
.... aging incmlry will be discmscd ~ 

Sarjue IJIH •••li11g is the fusing of thc inra
facc lhennoplaslic coating of a multiple-layer packa
ging malerial by the effect of heal and prrmue. wbcrc 
al least one layer of lbc laminalC - the supporting lay
er - does llOl IUrn plastic al scaling 1Cmpcl3IUIC. 

A freshly made seal made by face.to.face sealing is far 
less crilW;al in lhe bot 51age than a fused seal ht.cause 
lbe supponing malaial is llOl changed in SlnlCblre. 
Fer lbc same m1SOD it is un~ lO cool ~seal 
under pressure. Very thin lhetmoplastic films (e.g. 
heal scalable lacquer cmlings on rcgeoerared ceDulose 
film or aluminium foil as supporting malCrial}. can
not poduce drip proof and gas proof seals. 

With thc thermal impulse syst~m lhc films arc clam
ped between lWO cold mcral bars. fused by a short he
al impulse and cooled down under pressure. Heat is 
supplied by thin suips of resistance melal which arc 
aaached IO lbc bars. but elccuically insulalcd from 
them. The melal suips arc healed up by a short cur
rent impubc. Afterwards thc healed Slrips and thc fu
sed falms arc rapidly cooled down due IO lhc good 
lhennaJ coadUCf.ivity of lhc water cooled melal ban. 
The jaws arc released. giving access IO lbc f uscd seal 
whicb has already cooled off properly and reachod ilS 
opcimum Slrenglh. 

()nc..sided heal sealing is usually sufficient for films 
up IO 20 µm. but not for thicker films. Sealing with 
healing elemcnlS on boch jaws have lhc advantage of 
requiring lower tanperalW'C for lhc same heal ll"anSfer. 
The seals produced by lhc lhennal impulse system arc 
of eKCCllent quality, not only in regard IO their barrier 
qualities. but also in regard to their mechanical 
scrength. This procedure is noc only used in large, ful
ly-automatic packaging machines, but also in smaller 
semi-IUIOmllic machines for die production and clo
sure of flal or square bags and plastic pouches. There 
are also more simple manually-operaled machines 

available for the sealing of packs and plastic pouches. 

With rhc band mJla systan lhc films lO be fused arc 
clamped bctAun lWO endless stccl ... and lranSpOr

ICd consecuti~y bctwccn SdS of healing and cooling 
jaws. These thin steel bands have high thermal 
conductivity; thus heal pmes praclically undiminis
hed inlo rhc film, allowing consequently a high sea
ling speed ranging from 10 IO 20 mesas per minulc.. 
If necessary, the endless steel bands wilh lbc welded 
seal in bctwccn may be pRSSed IOgedler" between thc 
beating and cooling zones by a pair of pressure rol
bs.. Band ro13ry sealers are specially soiled fOI' lbc se
aling ol filled flat llags ol widely diffcrall timcnsions, 
since lbc seals can ha\'C praclically my desiml lcnglb. 
Such machines are available fOI' semi-auaomalic or 
manual opeation. 

Thermal impulse sealing and band ro13ry scaling me 
not only fcasa"blc fOI' scaling unsupported films. but 
also for sealing JaminalCd 119 •aging lll8ICrials. 

Hot wire, rod or jbne ro6nl setllUag is only applica
ble ao thennoplaslic films which can IOlerate high 
ICmpCl3bRS fOI' a sbcJrt lime and which have also low 
viscosity in lhc fused sragc. It is mosdy used for lbc 
manufacture of bags and pcuchcs from PE-tubes. Pla
stic fliln IUbc is cut• lbc desiR:d spot by a glow wi
re. healed metal knife, or small gas flame. die ~ 
sing parts of thc tube being fused together in lhe same 
oprmlion. In advmced machines thc welded seal can 
be prased bctwccn two cold metal bars IO ensure dlal 
the seal is drip proof. This systan may only be med 
fOI' lbc fully automalic OI' scmi-llllOmalic processing 
of Oat bags and plastic pouches from tubular PE-
films. . 

The hot bar system is lhc most popular sySlem, be
cause it is uncomplicaled and practically fool-proof. 
The packaging maraial is clamped between two per
manently heated melal jaws; lbc joint is effecltd after 
a short dwell lime. In processing thin films it sufflCeS 
IO heal only one jaw whicb presses the J»Ckaging ma
terial against a cold. frequently resilient mpporting 
jaw covam with tef1on or silicone rubber. Such seals 
cannot be expected to be wara YlpOUr-. gas- or drip
proof. 

The hot bar system is used in 

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

- sturdy small manually operalCd machines for the 
scaling ol bags and overwraps. 

The inra-rdalionship or temperature, dwell time and 
preasure m1111 be understood in order ao avoid def'CCIS 
in weld and surface type scaling. 
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2.3.Properties of the most im
portant plastics for food 
packaging (1)(2)(3) 

2.3.l.Cellulosics 

Trampan:nt. low rCSIOring force. high rigidity. low 
friction. advanlagCOUS culling qualities. excellent 
prinllbility. impermeable to oil. n:sislanl lO tr.ars and 
liquids. boodable. widl a tendency IOW31'Ck sbrinting 
and swelling. Low permeability lO watcr vapour and 
gas permeability dependent on moisture conlellts. 
Rc:duction of Wala vapour- and gas penncability by 
varnishing widl cellulose nillalC varnish or. for even 
bcUa impcnncability and scalability. with PVDC. 
Used as wrap. for bag production. and as laminating 
maaaial for pact-aging sweets. lxcad. baked goods. 
cheese spR:8d. aeam or soft cheese. gralCd cheese. ere. 

2.3.2.Low Density Polyethylene 
(LOPE) 

This is the most commonly used plastic film for 
packaging. Tough. uansparcnt. low permeability lO 

water vapour. Chemically very inert. practically 
odour- and laSIClcss. High rear n:sisa.ance and impact 
stteag1b. u.crable in a wide remperature range. vay 
good scalability. excellent shrinl...Oility. LOPE po
ssesses relatively bigb pcnneability lO gases such as 
oxygen mcl carbon dioxide and is tbcrcfore WISUicable 
for packaging foods dial are subject ro oxidation or as 
film for vacuum packaging. It is also pcnneablc l!> 

many essential oils. odours and flavours. Some oils 
cause cracking of polyethylene when the malerial is 
stressr.d. 

LDPE film can be prinaed by normal processes such 
as flexographic and silk screen af1er surface amauncnt 
(gas1iamc. coronary eleclrical discharge). 

LDPE films are used for bread wrapping, frozen food, 
dried skim milk. sausages and meat pies. In the case 
of wrappers foe bread or similiar products coo good a 
moislwe 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 
rcsiSlallt ao low temperatures. For dried milk p:1Cka
ging it is used in multi-layer bags. 

2. 3. 3. High Density Polyethylene 
(HOPE) 

HDPE has a 2 - 3 times lower permeability ro waler 
vapour and gases as LDPE. It is alllO more resistant 
ro the p.ssagc of odours and flavours. It has higher 
tensile sumgth, but lower impact strength. It can be 
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steam sterilized because the soflClling point is above 
the boiling point of water. 

Because of its bigb soflelling point and its good bar
rier properties, HDPE is used for packaging meals 
wbicb ae cooled in dlc bag (before serving). It is also 
used for the production of bou1cs. nnsport boxes. 
and cascelS. 

2. 3. 4. Polypropylene 
(PP) 

pp film is usually produa:d by cxlnlSioo inro a chil
led roller mcl in this form is refemd IO as •cast• film. 
Tbc film so produced Im a good standard of clarity. 
Its pumcability is similiar 10 dial of HDPE. but it 
can be lowered by biaxial oricntalion of lbc film 
wbicb improves ils propcr1ies. pp Im .. ~ higher 
soflelling point dllD HDPE but ads U> briuleness at 

Iowa IClllpCl'llUla. 

The cast film is used for bR:ad wrapping and dlc ma
nufacture of side-weld bags because it is cheaper and 
has bcaa heal seal propcnics. 

Heat sealing of biaxially oriented PP is difficult 
because oricncation gelS lost (;mcl hence stmlgdl). One 
way of overcoming lbat problem is multipoint !D

ling but such seals are not compleldy gas light. An
ocher way is to cmt lbc film with a lmc melting po
l)'lllCIC (PVDC. modified PP). Such films are appli
cable for wrapping c:bcese. bacon. cooted meats. and 
especially foods sensitive IO moiShR and oxygen. 
such as biscuits md polalO aisps. 

2.3.S.Polyvinyl chloride 
(PVC) 

PVC has a low permeability IO oxygen but is more 
penneable 10 water vapour than LDPE. It is highly 
resislant ro greases and oils. including esscnlial oils. 
This mates PVC suilable for food widl suong odours 
and flavours (e.g. fish). and with high oil content 
(e.g. margarine). 

Unplasticiud PVC can be vacuum formed, in lhick
ncsses clown ao SO µm for insert trays for boxes of 
chocolaces, biscuits and small cakes, for cups and 
trays for fatty goods. With exuusion blow moulding 
hollow articles such as boulcs are made. 

Plastici7.ed 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
stici7..crs ). 
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2.3.6.Polyvinylidene chloride 
(PVDC) 

PVOC was the first shrink wrap in use. The film has 
an exttemcly low permeability IO wara vapom. It has 
been used for short-tenn wrapping of cheese and as 
shrinltwrap for ham and frozen poultty. 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 
pcnnc:ability is slightly higher than lhal. of LOPE. It 
fonns extremely strong films especially when orien
ted. PET is fat and oil resistant. odour and flavour 
tighL 

It is mainly used for lhenno forming. the production 
of hollow articles. and f« processing acase i-oof and 
tear proof composite films ( for bag production its 
impermeability IO gas can still be increased by meta
li7.ation ). 

2.3.8.Polystyrene 
(PS) 

PS is available as an orienled film that can be vacu
mn formed or used as shrink wrap. It is a very poor 
barrier 10 moisture and fairly permeable IO gases. It 
is. lherd'ore. mainly used for packaging fresh produce 
which needs a "breathable• film. One of its main ad
vanaages is lhe fact lhat the film has a sparkling clari
ty. 

2.3.9.Polyamides 
(PA) 

PA has high aransparency, abrasion- and SC13ICh resis
aance, durable bending- as well as mechanical 
suength: it is resistant IO fats, essential oils and hig
her u:mperabRS, odourless, free of flavour, has good 
impermeability IO gas, but le.•ser impermeability ID 
warer vapour and fragrances. PA ICnds ro swell by in
fluence of moisUR, which increases also its imper
meability. Stretching increues tear strength and im
permeability. 

PA is used in composition with other plastics or alu
minium for production of vacuum packaging, and al
so for wrapping (frah meat) bags (boil-in-bag packa
ge), and for uough-shaped packages (e.g. for fresh 
cheeles). 

2.3.1 O.Polyurethane 
(PUR) 
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PUR is often used as mixing adduct with glycol (tlw 
improves flexibility and plasticity). However, it is 
mainly used foamed as cushioning marerial. 

2. 3. 11. Ethylenevinyl alcohole 
(EVOH) 

In dry annosphere EVOH shows the highest imperme
ability IO gas, but is very hydrophile. Therefore it can 
only be used as barrier layer in compo.W. films. The 
use of EVOH for gas-tight packages is at lime in the 
S1agC of developmenL 

2.3.12.Polycarbonate 
(PC) 

PC is transparent, tenacious and can be heat-sealed; it 
is comparatively unbreakable. heat rcsislant, and 
show.> low water vapour-, but hith gas-permeability. 
PC is used in packaging for the production of bouJes 
{for pasteurized milk) and heat resistant films IO fry 
meat and poultty in bags. 

2.3.13.Ionomeres 

ionomeres are copolymerisares of ethylene-and~ 
xyl-groups. show good transpareney, high tearing- and 
puncUR rcsislance (particularly at low u:mperatures), 
resistance against grease and organic solvents, and 
good heat-sealability. 

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

3.1.Introduction 

Pactagi:lg maaeria1s and means of packaging have IO 

meet a number of requirements. particularly in food 
packaging; these rcquin:menlS have IO be cxaninablc. 
A great number of specifications {drawn up by public 
authorities and economic institutions) exist for this 
purpose in order IO enable an impartial evaluation of 
packages. 

But before malting a test for pacbging maliCrials or 
packages. it is necessary to be absolutely clear about 
its purpose. This remark seems superfluous; never
lheless companies not infrequently have performed 
numerous tests. either without drawing any 
conclusion from them or without recognizing lhat 
Ibey have little or no rdalion to the purpose of 
aesling. In both cases the test is useless and waste of 
money. The applicalion of standard tests guaranrees a 
high quality of the pacbged products. a factor equally 
important for export and home consumption. 

There follows a descriplion or frequently used ICSts. 

Special attention will be paid IO methods which per
mit a satisfactory evaluation widi die aid of inexpen
sive apparatus. This is rather important. because labo
ratories are usually only poorly endowed when a new 
industry is in die making. 

The main purposes for aesling pxkaging materials or 
pacbgcsare 

• comparison with competitive materials 

- comparison of the current s19>ply of material 
with lhe quality that was supplied the first time; 
also regular checking of uniformity in new sup
plies of packaging malerials. 

• quality checks during the production of packaging 
malCria1s « pac~ commodities 

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

The last-named instance is of special impor&ance, sin
ce the developemtmt of new packaging materials is 
based on such cests and also since these leStS play 
such an important role in their acceptance for special 
packaging purposes. In these tests these difficulties 
have IO be dealt with, especially with regard IO proper 
simulation of the huards which packages may en
counter. 

For regular quality control it will be best to try IO 
manage with simple tests, especially in cases where 
the suitability of the packaging material for its speci
al pu~ has already been proved elsewhere. The 
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number of tests IO be made and the percentage IO be 
leSICd depend on the required precision of the test re
sulL Such precision is contingent on fuumcial consi
derations and also on the risk whicl- the producer or 
distributor of a faulty package has IO run. In cases 
where die contents of a faulty package can spoil 
before die usual bDllOver time or. still worse become 
a hazard IO the healu: of die consumer. or where. for 
instance. a leaking paclcagc is liable IO ruin a score of 
other packages. die test will have to be more severe 
than in cases of simple paper bags or canons IO be 
used for less sensitive products. 

3.2.Methods and Standards 

Since it is impossible IO present here a oomprehcnsi
ve outline of all prevalent tesling lllClhods 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 

Determimdion of thicbless occurs with a dial gauge. 
one of wt:ose measuring areas is flat grinded while the 
other one is bended in a spherical indcntalion in a ra-
1ius of 30 • SO mm. Contact pressure must be bet
ween 0,1 and 0.S N. 

The accuracy of measurement has co be 0,2 µm for 
material thiclcnesses of 5 µm, for thicknesses about 
100 µm the accuracy has 10 be 2%. 

The method serves for aesling smooch, not embossed 
plastic films and should also regisla possible diffe
rences in thickness of a film sheet. 

3.2.2.Tensile strength and elongation 
ASTMD882 

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

To perform lhe test measured, gauged .pecimens are 
clamped inlO the testing machine and stretched until 
they break. 

Tensile sU"ength is usually reported in pounds per 
inch of width necessary IO pull the paper apan. For 
films, the usual units are pounds per sq~ inch of 
original cross-sectional area. Tensile scren~ is quite 
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literally the amount of fon:e necessary to pull a marc
rial apart. The eloogation is the amount a material 
will suetch before breaking. 

Tensile strength is a mmt important value for materi
als used in applications such as t.eavy-duty bags. A 
large value for elongalion is an indell for toughness. 
since it indicaacs lhal a maaerial will absolb a large 
amount or energy bef'ore breaking. 

3.2.3.Tear strength 
ASTMD 1922 

A cear ICSler has a swionary clamp and a moveable 
clamp on a pendulum, IDC3IS for holding dais pendu
lum in a raised position. then quietly rel~ng it. 
and a scale that registers the arc lhrough which the 
pendulum swings. 

Sampfes of paper or film are clamped into the ICSler 

and nicked IO saan the tear; then the pendulum clamp 
is released. This rears the sample and the scale regi
sters th~ arc. As the arc is proportional to the tear 

strength of the sample. calibration of the arc gives 
the ICar strength. 

Tear strength is reported in grams. It is the force ne
cesssy to conlinue tearing a sample afrcr a nick: has 
been made. 

This ICSl is very important for all falms as well as for 
paper. High aear values may be needed for machine 
opcralions or for pacltage strength. However. low cear 
values are necessary and useful for the easy openang 
of some package typeS. 

3.2.4.lmpact strength 
AITMD256 

The pendulum impact l.cSta can be used IO meaure 
impact strength of papers. boards and falms. An im
pacting head on the end of a pendulum is swung 
through an arc inlO and through lhe sample. The rc
sra has a means of measuring the difference between 
the pocential energy of the pendulum at maximum 
height in free swing and the porcntial er 'flY of the 
pendulum after rupture of the sample. This difference 
in energy is defined as impact strenglh and is report.ed 
in units of kilogram-centimeters. It is useful in 
predicting the resistance of a material IO breakage 
from dropping or other quick: blows. 

A iest similiar in scope, method, and significance is 
the dart drop leSl (ASTM D 1709). A weighted dart is 
dropped from standard height on IO the taut sample. 
SibRificance and purpose are the same as in the pen
dulum test. Dan unit is the weight of the dan in 
gr.tms that breaks the sample SMi of the time. These 
tests give an index of a maierial's dynamic strength 
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and approximate what will occur when package is 
<kqJpcd. 

3.2.S.Bursting strength 
ASTM D 2529, D 2738 

The bursting strength ICSter. commonly called a Mul
len ICSler, has clamps for holding the sample over a 
rubber diaphragm md a motor tbal forces a liquid into 
a pressure chamber under the diaphragm at a rase oC 95 
ml per minute. 

The sample is clamped in place and lhe motor started. 
The liqid, usually glycerine. is forced against the dia
phragm until the sample ruptures. The ~of lhe 
liquid is indicated oo a bourdon gauge. 

Mullen burst strength is reported in points bursting 
strength, which is the hydroswic JRSSWe indicated 
on the gauge. It is of importance in material sdection 
for bags and is one of lhe tests that forms the basis of 
determining paper "durability". 

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

3.2.6.Compression strength 
ASTMD 1164 

The ring crush compression leSl is run on a ICSler 

which has upper and lower plalens (flat metal plales), 
means for exerting force on a specimen placed bet
ween the two platens. and devices for measuring load 
applied. 

A suip of sample is inserted on its edge in a circular 
groove in a specimen holder on the lower plaren. The 
crushing force is applied IO the long edges of the SaJn

ple until it collapses. The maximum load is reconkd 
as ring crush strength. 

Ring crush strength is reported in pounds fon:.e. This 
leSl measures the resistance of paperboard IO edgewise 
compression. 

Corrugated and solid fibreboard containers are subject 
IO crushing forces in shipment. This test indicates ed· 
gewise rigidity of the board. This information helps 
board manufatlurers to provide materials with the 
amount of crushing resistance desirt.d in the finished 
container. 

This tcst is, therefore, an index of the llack:ability of 
filled containers. 
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3.2. 7 .Fold endurance 
ASTM D 2176 Method B 

The MJ.T. fold endurance leSter (there are Olhcrs but 
lhe MJ.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 smoolh, folding surfa
ces, a driven device to provide rotuy oscillating moci
on to the folding head, and a counter to register lhe 
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 rension on the sample. Then 
the sample is clamped into the upper clamp and the 
rension applied. The motor is Slarted and the sample 
folded until it is severed al the crease. 

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

This lCSl was developed for paper 2!nd 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 leSting includes test dishes, ana
lytical balance, a desiccant, and a temperalUl'e/hmnidi
ty controlled leSt chamber. Water vapolD' from the 
chamber permeates the leSt material to absorb 00 the 
desiccant Before and after weights of the test dish 
show the water vapour uansmiued. 

The usual units of WVT are grams CJf water passing 
through one square meter of leSt material per twenty
four holD'S al a specific temperature and humidity dif
ferential. WVT is significant for packaging products 
tb.:t must be protected from gaining or loosing moi
sture to the surroundings. ASTM D 1251 is a related 
method that ICSlS the actual package. 

3.2.10.Gas transmission 
ASTMD 1434 

Specially constructed cells are used to measure gas 
tranSmission rau:. Af rer a film sample has been clam
ped inic the cell, lest gas is flushed through chambers 
on both sides of the sample. Test gas is admitted to 
one side of the sample, lhe rest chamber on the other 
side is evacuated and gas is allowed to permeate 
through the film sample into the evacuated chamber 
for a measured length of time. Using lhe geometry of 
the cell and the film sample, with the measured pra
sure and rempcrature of lhe rest gas which permeated 
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the sample. l.hc gas transmission rare can be calcula
led. Gas penneability 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 l.hc other side. 

1be gas uansmission rate is vital in vacuum and gas 
paclcaging 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 flavolD'S from the 
surroundings penneating into the product are deter
mined by sensory evaluation. 

It is possible to examine eil.hcr 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 ICSIS 
for a muhirude of applicable cases. 

Interpretation and staaement of lCSl results can be ga
thered from appmpt iare resting patterns. 

3.2.15.Haze 
ASTMD 1003 

The 1137.e 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 phoco
cells. The a•;1ount of light transmiued by the sample, 
the light scattered by the sample and the insuument 
and the total incident light are measured. From these 
values the percentage of transmitted light which is 
scatcercd can be calculated. The hazemeter measures 
these variables and interrelates them so that the per· 
centage of l.hc scatrered light can be read on the mcier. 

This rest is important to produces or in uses where 
lrUC colour and visability are required. 

3.2.16.Specular gloss 
ASTMD2457 

Gloss is measured on a glossmctcr. This instrument 
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has an incandescem light source and a phofoscn.~rivc 
reccptOr that responds lO visible lighL 

Light shines onto lhc sample at a specified angle. So
me of it is reflecled onlO lhe photosensitive ra:eptar. 
The fraction of lhe original light that is ldlccu:d is 
the gloss of lhc sanple. 

Gloss is an important mcn:handising factor and Ibis 
ICSl makes it pmiblc IO specify and CODlrOI dais sur
face cbalactaislic IO asme lhc dcsRd effect. 

3.2.17 .Light transmittance 
DIN 10050 Bl. 9 

Light transmiuance is delennined with .. Ulbricht 
cell in a wavclcngda range from lhe near UV up to 
lhe visa"blc light. Light intalsity is IDCISURd al lhe 
he inlet of die ccD IDd :ftawanls with die sample fi
xed in front of lhc inieL 

If the sample's light uanspareocy is inOuenccd by 
moisture content. lhcn lhc sample has to be conditio
ned prior to measuremenL 

3.2.18.Microbia~ content 
DIN 10050 

The resting malCrial is put on a Dlllricnt agar in petri 
disbr.s and softly ~against it wida a Drigalski
spatula. 1be sample pNl facing lhe product bas IO lie 
upwards; a thin layer of nutrient agar (48 °C) is pou
red on iL 

Evaluation takes place after duce days of incubation 
at25 °C. 

BacceriaJ count is determined macroscopically by a 
count of die colonies. 
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I.Plastic materials 

1.1.0assification 

1.1.1.0sciDatiGn Twisting Test 

Emlic .. opcatics. ~ by die shear-modulus, 
clepcad c. die tempmbllc.. SCHMIEDER-WOLF 
based a waswimg method for' die dassi6taliaa of 
polymcrswwwdillllgtoa pkysical iDlcrpretalioeoa Ibis 
dcpeadwr nisllldllOCI iscalkd osciDarinn twisliag 
test. bMed cm DIN S3 44S, wl gives die lempcl4are 
faw riim of tbc shear modulus Tbe G-T ..funclioa 
resalls ia die das~ of plastics 

1.1.2. ner.oplastics 

n.c..opaasrics are aot cnm-liatccl wl so tlM:ir ~ 
lcc*s are .. iucipllly aMIJk agaiast each odlCI'. 
Below glau ttasiricm raepci•me T1 lhere is ao 
micro-BroMliaa molioD but ap to tbc decomposition 
tempei•me Tz tbc coaseqacace is ~Brownian 
molioa. Tbcrmoplastics arc tbc oaly materials, whose 
shear modalas ctisapcars above die glau 1nnsirion 
temperablie wl makes prna:ssjng of tbc mch possi
ble. 
Fig.LL shows tbc functioas for' amorpboas wl ays
ralliae tbcrmoplaslics. 
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Ftg.1.1. Defmition of thermoplastics by G-T-functioa 

1.1.3. nennosets 

Cured tbermosening materials arc completely cros.s
lintcd. and lhus tbcir molecules c:aa Da'CI' fully mcJVC 

al any pen t1'!lllpC'?llll'C Their shear modals is llCVCI' 

less than 10 Nh:tm2• 1bis DICUS dial cared dliClmoscts 
arc not fusible and have a relalively lligh heal clistor
sioa stabi&y wl a bigbcr shear moduls ne glas5 
1nnsirion tcmpcralllrC T 1 is abcne SO"C awoulillg to 
ddinitinL Up to lhis 1empcu1me, ew:a al roca te8-
puature, thcnnoscts arc cncrgy-dastic. Mi~ 
Brownian motion occurs above so•c, 
macro-Brownian JDO(ion is 
not prssiblc (Ftg..1.2.). 
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Fsg.1.2. Dcfmitioo of thermosclS wl elaslomers by 
the G-T • function 

l.IA.Elastomen 

Cured claslomcrs arc completely, but loosely cross
linkcd, and their molecular segments are able to move 
even al low 1cmpera1ures. Because of tbc cross-linked 
structure a certain flow may oc:auc at low temperatu
res. So it is evident thal this ma1crial bas a low E-mo
duhas. The dcfioi1ioa of the glass lramitioa temper· 
a1urc T 1 is below <re. Elaslomers arc Clllropy-claslic 
above this temperature, cvca at room lcmpcraturc 
(Fsg.I.2.). 



1. Plastic materials 

1.1.5.l'Hnaoelastics 

Al prcseal this group only includes PMMA and some 
PUR-a>mpounch. The dcfmiti:>o is basically lhc same 
as wilh clastomcrs. but instead of a chemical cross-lin
kiag ~ is a mechanical cross- linking. and a ~ 
1nDS1bOD lcmpcnlurc Tc abowc 0-C. 

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

A~ HT materials arc DO( cross-linked they be1 
ha1C m the 050llarion twisting lest like thermoscts 
because of the low molecular movability. 

1.2. Survey 

la order' to acbia'c a bcncr suney in the dassiflQlioa 
of plmic malerials, the ecoaomical aspcct will also be 
amsidcrcd besides the tcdmological point of view 
(Fig.13.). 

F'1g.l.3. Volume price relationship of plastics. 

Thus it is necessary ro introduce terms as "standard 
tbermoplastics" (9commodity plastics"), "engineering 
tbermoplastics", and "high temperature resistant po
lymers". There is no definite principle as to which 
p~materials may be ranked under any of the terms 
e1erarioncd above. Production statistics of industrial 
countries, however, show that the term standard pla
stics partically refers to the polyolefincs PE and PP, 
sryrenc polymers (PS + copolymers) and PVC with 
copolymers, because al prcscnl these groups of mate
rials alone amount up lo more than 75% of 1hc total 
plastics production. 
~ccring thermoplastics" and "High temperature 
rCSISlant polymers" arc of less importance by quanli· 
tics ~l because of_ their special charaderistics they 
conrnbutc substanually to the technological and cco-

nomical success of plastic materials.. 
FmaUy. 1hcrc is lhc group of cxpcrimcnlal products 
with tailor made characteristics. Commercially, Ibey 
arc produced in such small quutilies that they ~ 
DOl been considered wilhia lhc scope of this ID3DUS

aipl. In Ibis paper the following prival pracrical clas
sifacatioa is introduced: 

Thermoplastics: 

Standard thermoplastics 

Ethylcn polmers (PE-LD, PE-UD, PE-HD, 
PE-HMW, PE-UHMW, EEA, EV A, EMA) 

Polypropylenes (PP) 

Slyreoc po:ymcrs {PS, m, SAN, ~ ASA, 
SMA) 

Vmylchloridc polymers (PVC-U, VCV AC, 
VCVDc, PVCC, PVC-P) 

Engineering~ {E>2SOO N/mm.2, ., 
o»50N/mm-, T>locrc) 

Polyamidcs (PA6,66,610,612, 11, 12,6-3-T) 

Linear polyesters (PEfP, PCT, PEfG, PBTP, 
PAR) 

Polycarbontcs (PC) 

PolyacctaJcs (POM. PEOX) 

Polypbcnylenoxidcs (PPO) 

Polpbcaylcmulfidcs (PPS) 

Sulfoac polymers (PSU, PPSU, PES) 

Polyctbcrtcloas (PEK,PEEK} 

Specialty Thermoplastics: 

Ccllulosics (CA, CAB, CB, CP) 

Specialty polyolcfiaes (PB, PMP, loaomer) 

Vinylideocblorid polymers (PVDC) 

Thermoplastic fluoropolymers (PCl'FE, ECT
FE, ETFE, FEP, Pf A, PV A, PVDF) 

Thermoplastic polyimides (Pl) 

Thermoplastic elastomers (TPE) 

Tbcrmoclastics: 

Acrylics (PMMA, AMMA, MBS) 

Thcrmoscts: 

Unsaturated polyesters (UP) 

Epoxies (EP) 

Polyurethanes (PUR) 

Phcnolics (PF) 

Aminos (UF, MF) 

High Temperature Resistant Polymers (T > :ZSO-C) 

Polytctrafluorocrbylcncs (PTFE) 

Thcrmoscls polyimidcs (Pl) 



1. Plastic materials 

1.3.Standanl Thermoplastics 

M I 1.3.1.Ethylene Polymers 

Standardizalioa: ISO 1872 
(LOPE, UDPE, HOPE) 

[ ~-~] -
I I • . I I 

Significant properties: Demily Q,918-0,9(JO gJcm3un
polar, CIJSlallinc (40%-80%), opaque, Ta=lOS to 
llS9C, cr.cellelll c1edric:al insulation properties, DO 
HF-reaction, clcctrostatic load, excellent cbcmKal re
sisrana: ("umoluble'" belowtiO"C), high gas permeabi
lity, low water vapour pcrmeabilily, physiologically 
indiffereat, crazing in c:oalact with teosidcs 

t-+-+-....;_.....!- -· __.l I s -
' i ! 
·ISO ·Ill ·• ·ti I fl iO Ila a 

--r-
F'ig.1.4. G-T-fuoctioo of PE 

......, Dnmly t Mfl'()llf) 

Tensile scmiph ft t 

E-moduls tt t 

Hardness t t 

Mell remperature t -
Brialeacss ccmpcrature ' u 

lmpec1 amiph t ft 

~Din& t ' 
Permeability ' -

Cruin& f '' 
T ranspare"")' ' -

·-
Fluidity ' u 

f"ig.1.5. Propcnics of PE depending on density and 
MFI 
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Spccialry grades: 

UDPE (linear low density PE): higher impact 
and tear strcogth. higher mek lcmperaturc, 
lower strains in falm blowing (linear molecules 
relax and slide by each other withoul develo
ping significanl stresses), rcquircmeal of loag 
barrel mac:bincs. Eumple of applicalion: pak
bgiag films. 

HMW PE (bigh-molecular-weigbt PE): Mw 
bctwma 300 cm and s cm cm rJmoJ. high 
performw:e properties. ea:dJenl c:razingrcsi
staDCC, impact streaglh, loag-tCflD strcaglh. 
cbemical rcsjsraga: Fumplc of applicalinn= 
Conrainers for dang'Crous goods. 

UHMW (ultrahigb-molecular-wcigbt PE): Mw 
bctwma 3 to 6 miDioos rJud, bigbesl abrasion 
rcsisraoa:, nreprionaJ impact rcsistaDcc ~ 
al ceyogcnic temperalmCS, low cocflicieal of 
fridioa, cn:dlcDl crazing and cbemical resi
staDCC, faliqae rcsislucc Mainly processed by 
a modification of the compression molding 
tedmique. Example of applicalinn: pumps and 
vahc parts in the c:bcmical indmtry. 

Cros.sliokiog PE: Crosslioking by organic per· 
oDdes or- by radialioa, llChltUk strudurc, ex
cepbooal high impact rcsistaott aad crazing 
rcsistaoc:c. Example of applicalioo: floor bea
ting pipes. 

lmportanl processing tedmiques: lajectioa molding 
(T p = ltiO-JCXrC, Tc=~ 109C, s = 1,S-4% ), Clllr1ISioo, 
blowmokfing, thermoforming. sinleriog. compression 
molding. rotaliooal moul ding. machining, welding 
(impuke wddiog). bonding oaly with surface treal
IDCDI (flamming. COl'ODa-discbargc, chemical treat
ment.) 

1.3.2.Polypropylenes (PP) 

Slandardizalioo: ISO 1873 
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Fig.1.6 G-T-function of PP 



1. Plastic materials 

Signi6can1 properties: Dcasily 0,90 g/cm.3• unpolar. 
crystalline (ti0-70%). opaque. Tm= 16:1--C. Tb =trC 
(!).properties similar ro PE. higher rcmpcraturc resi
stance. higher crazing rcsisrancc, lower impact 
strcagdL 

Copolymers with PE. improved impact 
strength. 

PP-elastomer blends wilh EPM and EPDM. 

Important procesm.g tedmiqucs: lnjcdioa molding 
(Tp=l~Dre, Tc=20-100-C. s=0,8-2%). Cllb'U

sioo (short compression screw). blow moldinr. ther
moforming. machining, welding (heat clement. 
fridioa). bonding only with surface trcalmcnl (see 
PE). 

1.3.3.styreae PoiJmers 

' 

f"ig.l.7. Chcmical relationship of styrCDC polymers 

- c-c - - c-c-c-c - - c-c -[ r~~ l'' 'J (, ,] I~ I 1 1
• 1 I. I I • 

·1 ~ I I I I • 

1tr1111 (IJ ht1.a111 llJ HJJlt1ltrU (I) 

PS (homopolymer) = -S-S-S-S-S-S-S-S-S-S-
BS (copolymcr) ,.. -S-S-S-B-B-B-B-s-S-S-
BS (polyblead) = -B-B-B-B-B) (S-S-S-S-
ABS (~r) = -A·A-A-B-B-B-B-S-S-S-
SAN (copolymer) = ·A·A·A-S-S-S-S-A-A·A· 

1.3.3.l.Polystyraes (PS) 

Standardization: ISO 1622-80 

SipiflCalll properta: Density l,OS rJcm.3, amorp
hous, transparent, T 1 • SO-C. Clear, glossy surface, 
high stiffness, good dimensional stability, good elec
tricill insulation properties, very low impact strength, 
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UV-dcgradability, briulc fracture. limited chemical 
resistance. crazing. 

Imponanl processing techniques: Injection ID<'!.:dlg 
(Tp= 180-250"C, Tc=30-609C, s= 0,3-0.7%), ~
sion. thermoforming bonding, welding, foaming 
(EPS) . 

i • . . 

... 

-. • 
F'ig.1.8. G-T -function of PS 

.... --

,. 

l.3.3.351JftM'-Ba1adima (SB, ~) 

Standardization: ISO 'JJ!,97 (po!yblcnd, copolymer) 

Significant properties: Density 1,04 g/an3
, amorp

hous, normally not transparCDl, T g =SS-C. good di
mensional stability, good electrical insulation 
properties, good impact strength. 

Important processing techniques: Injection molding 
{Tp= 180-250"C, Tc=20-10"c, s=0,4-0,7%), C$11· 

sion, thermoforming, welding, bonding, machining 
... 

l . . 
-

~ 

• 
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Fig.1.9. G-T-function of SP (BS) 

. , .. 

1.3.3.4.Styrene-AcrJlonltrile-Copolymen (SAN) 

Standardization: ISO 4894 

Significant properties: Density 1,()8 y/cm3
, amorp

hous, transparent, clear, T 1 = 85° C, high hardness, 
high 51iff ncss, fair impact strengbt, cood electrical 
properties, high gloss. 



L Plaslic materials 

Important processing techniques: Injection molding 
(T p = 200-260"C, Tc= 40-80"C, s = 0,5-0,6% ), extru
sion, blow molding. thermoforming ( 130"C), welding. 
bonding. machining. 
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f"tg.3.10. G-T-function of SAN 
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1.3.3.S.Acryloaitrile-Batadiea-Styreae-Pol)'lllers 
(~ 

Standardization: ISO 2580 (polyblcnds, copolymers) 

Significant properties: Density 1,03-1,07 gJcm3
, 

amorphous, normally DOl transparent, high impact 
slrCDgth also at low temperatures (up to -40"C) good 
tbcrmai resistance, low gloss. 

Important processing tccbniqucs: Pre-drying recom
mended, injccti on molding (T p = 200-ZlffC, Tc= 40-
ss•c, s = 0,4-0, 7% ), extrusion, blow molding, 
thermoforming (140-170"C), bonding. welding, dra
wing (stamping), machining, galvanizing. 
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f"ig.1.11. G-T-function of ABS 
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1.3.3.6.SAN-A.cryllc Ester Modification (ASA) 

Significant properties: Density 1,07 g/cm3
, amorp· 

boos, not trans parent, extremely high impact 
strength, good crazing resistance, good weathering 
behavior. 

Important processing techniques: Pre-drying (2h al 
S<rC), injection molding (T p"' 200-250°C, Tc"' 50-
S<rC, s • 0,4- 0,7% ), extrusion, blow molding, thermo-
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'orming (140-170"C), bonding. welding, machining. 
,tamping. 
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Fig.l.12G-T-functionofASA 

1.3.3. 7.Styrene-Maleic AlllaJdride (SMA) 

(Polyblcnds, tcrpolymers) 

Significant properties: amorphous, DOI transparent, 
major chuactcristic compared with ABS or SAN is 
the improved heat resistance up to 120"C, good creep 
resistance. 

Important processing technique: Pre-drying (2h at 
IOO"C), injection molc[ng (Tp=230-1.6S"C. s=0,4-
0,6% ), extrusion, blow molding, thermoforming. bon
ding. welding. 

1.3.4. Vinylchloride Polymers 

1.3A.1.Unplastidzed Poly¥iDJlcblorid (PVC-U) 

Standardization: 

ISO 1060 (PVC) 
ISO 1163 (PVC-U) 

Polymerisation: 

I H 

- ( ~-~] -
I I I 
II a 

PVC-S (Suspension, 83% ): VC droplets are 
suspended in water by means of praledive Ji. 
quids, particle size 100-l(J()µm. 

PVC-E(Emulsion,8%):Similartothcsuspcn
sion process, larger quantities of emulsifying 
agents, particle size O,S µm, used for plastisols 
and organosols. 

PVC·M (Mass, 7%): VC is polymerized in the 
a~ncc of any other medium, pure material, 
par~iclc size about 100 µm. 

PVC·L (Solution, 2%): VC is dissolved, UACd 
for 'specialty grades (fdm forming properties). 

Sigr.ifitant properties: Density 1,38-1,41 g/cm.3, (l,.SS 
g/cm3 PVCC), mainly amorphous, T1•8S°C, polar, 



1. Plastic materials 

dear (PVC-S. PVC- M), opaque (PVC-E), high stiff
ness, high tensile strength, good electrical properties 
(PVC-S, PVC-M), not used in HF engineering. impact 
resistance depending on modification, good crazing 
resistance depending on modification, good barrier 
properties, VC-monomers toxic, HCl corrosi,,'C. 
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F"Jg.L13 G-T-function of PVC 

Specialty grades: 

I 

l 

' 

"-.. ,--T 
I' . .. .. 

I 

VCV AC (VC-vinylacctate copolymers): hig
her toughness., improved fluidity. 

VCVDC (VC-vinylidenchloride copolymers): 
higher temperature resistance. 

PVCC (chlorinated PVC): higher temperature 
resistance, higher ~mical resistance, lower 
fluidity. 

Modified PVC (with CPE, ACR, EV A modi
fiers): improved impact strength. 

Important processing techniques: Compounding, ex
trusion (T p = 170-190"C, high viscosity, thermal stabi
lity), calandcring, blow molding, thermoforming 
(110-ISO"C), bonding, welding (HF!), machining, in
jection molding difficult (PVC-S, low K-value, 
T p = 170-210"C. Tc= 30-(i()"C, s = 0,2-0,5% ). 

1.3.4.2.Plastidzed Polyvinyldalorides (PVC-P) 

Standardization: ISO 2898, 4612 

Significant properties: Density 1,20-1,35 g/cm3
, 

amorphous, polar, clear. Mechanical properties arc 
dctermindcd by the pl sticizer and filler content, high 
Ocxability, reduced mechanical and chemical proper
ties, only selected plasticizers food proor, no crazing 
because of relaxation, brittleness after plasticizer mi
gration. 

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

1.4.1.Po~yamides (PA) 

Standardi7.ation: ISO R 1874 

I I 

-[ £-1ar.1i-l ].- tn I 

Significant properties: 

Ya1erial SmacluR ~ 
Waaa Ndr 

~ 'KT.rq 
PA6 Cl)'SI. 1.12-1,14 8,S-11 ?IS-225 

PA66 Cl)S'- 1.13-1,14 7,S-10 2S0-26S 

PA610 Cl)'5I- 1.06-1.111 3-4 21~225 

PA612 Cl)'5I- 1,04-1,(16 2-3 ~210 

PAil aysa. 1.1>4 1,8-2,2 180-190 

PA12 Cl)'SI. 1,01-1,()2 1,S-1,8 175-l&S 

PA6-3-T amorpb. 1.06-1.111 6,S -
Crystalline materials arc opaque, amorphous arc 
transparent. Mechanical and electrical properties de
pend on PA-type, crystal linity (up tot <iO%) and water 
content. High crystallinity: high stiffness, high water 
content· high impact strength, excellent frictional pro
perties, good clicmical resistance, UV-degradation. 

.. 
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Fig.1.14. G-T-function of PA 
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Property Wa1crcon1cn1 f Crysiallinity f 

Tensile sucngtb l t 

E-modulus ' t 

Impact strength t ' 
Eloaprion t ' 

Ekruical rcsiswn ' -
Cbcmiral rcsiswn 

I 
t -

Tiansparcocy - ' 
Fig.1.15. Properties of PA depending OD water 
content and cry scallinity 

Important processing techniques: Pre-drying (vacu
um. 80"C), injection molding ( exttcmcly low viscosity, 
T p = 210-290°C, Tc= 30-ucrc, s = 1-2%, annealing at 
~150"C), conditioning (constanl water content), 
extrusion (for high molecular types only), bonding, 
welding. screwing, machining. sintering, caSling. (PA 
6 G, PA 12 G, liquid monomers). 

1.4.2.Unear Polyesters 

1.4.2.1.Componeats 

Effects of backbone structure OD the melting tempe
rature of polyesters derived from ethylene glycol are 
showninFig.1.16.Alllinearpolycscersshowalowrate 
of crystallization. They can be quenched rapidly into 
an runorpt.ous state. 

...... c ....... ............ .. ........ cr~-c 

0 0 
II II 

+c-it-e-o-e11z-aeroi; 
£ 

• 
I -11:11t14- IO 

I -0- l10 

c -0-0- JU 

D -@-CMa-aea~ no 
-c JO-oi-Cll-0- 4IO 

Fig.1.16. Structures and melting temperatures of line
ar Polyesters 
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1.4..?.2.Pol~ylene tttepbdaalates (ft."TP) 

Significant properties: Density 1,33-1,37 g!cm3
, 

amorphous to crystalline (up to 40%), Tm=255-
258"C, transparent to opaque depending on cooling 
conditions, higher crystallinity with nuclciating 
agents, good ?hrasnc resistance and good frictional 
behavior, good oombinatioo of stiffness with impact 
strength up to -40"C, good barricrc properties, risk of 
hydrolytic degradation in hot water, no crazing obser
ved. 

.. 
I 
IS .. 
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Fig.1.17.G-T-functiOD of PEfP and PBTP 

Specialty grades: 
PW' (polycyclohexane-terephthalate-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 pioccWng techniques: 

Pre-drying (3-4h, 7S-9U"C), injection molding 
(Tp=260-290"C, Tc=30-14<rC, s-1-2%, thermal 
stability!), emusion (stretch) blow ID'Jlding, thermo
forming (2259C), bonding, welding, madrining (polis
hing to high gloss). 

1.4.2.3.Polybutyleaetereplltlaalats (PBTP) 

Significanl properties: Density 1,29 v.J'!m3
, crystalline, 

Tm= 220-22S°C, opaquc/White, limilar lo PETP wilh 
reduced mechanical properties, excellent proc:essibi-



1. Plastic materials 

lily, good impact strength also at low tem!>Craturcs, 
cxccllcnt friction behavior, good thermal resistance 
up to llO"C. Good electrical properties, risk of hydro
fytic degradation, DO crazing observed. 

Specialty grades: 
Polyblcnds with PE.TB and PC. 

Important processing techniques: Pre-drying (3-4h, 
75-90"C), injection molding (T p = 230-270"C, Tc= 30-
60"C, s = 1-1,5%, low visrosity, thermal degradation), 
cmusion, blow molding, thermoforming (225"C), 
bonding. wdcling, machining. similar PETP. 

Significant properties: Density 1,21 flan3, amorp
hous, T 1 = 180"C, transparent, combination of high 
modclus, flexural recovery, high heat deflection tem
perature, good electrical properties, risk of hydrolytic 
degradation, DO crazing. 

Specialty grades: 
Aromatichomopolyestcrs: high temperature resistan
ce. 
Polyblcnds with PC and PSU. 

Important processing techniques: Pre-drying ( 4-7h, 
120-1so°C), injection molding (Tp=320-370"C, 
T~ = J20.. ~C, s = ~~-0,9% ), extrusion, blow mol
ding, bonding, maclrinmg 

lA.3.Polycarbonates (PC) 

T3 
- ~ -@-f {Q)-o- ~J.-

Cll:a 0 
Significant properties: Density 1,20-1,24 flan3, main
ly amorphous, transparent, glossy, extremely high im
pact strength, good temperature resistance, risk of 
hydrolytic 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, 
Tc•S0-120 •c, s=0,7- 0,8%), extrusion, thermofor
ming (180-220°C), bonding, welding (400"C), annea
ling (30 min, 120"C) finishing. 
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f"ig.1.18. G-T-function of PC 

1.4.4.Polyacetales {POM) 

ff 

-[ f-o J.-
H 

Pol;formaldebyde, Polyoxmcthylene 

Significant properties: Density 1,41-1,43 flcm3
, high 

crystallinity(up to 75%) Tm= 17S"C (for copolymers 
16S-168°C), opaque. Highest elasticity modulus for 
engineering materials (up to 3500 N/mm2

), good ab
rasion and frictional behavior, high impact strength up 
to -40"C, no water absorption, good crazing resistan
ce. 

: I ,. ! I I . ..........._ i I I I - . . -.. --
' I -! I I 

! i I ! "\.I .. 
- 'II 

I . I ' 
I i . i I I I 

• I ! i I 
! : 
I I I 
' 
! I ! I '• .. ,, .. ·• .. ~ 

Fig.1.19. G· T -function of POM 

Specialty grades: 
PEOX (Copolymers with polyethylencoxid) 

Important processing techniques: Injection molding 
(Tp= 180-320"C, Tc= 50-120"C, s= l,0-3,S%, decom
position at 240"C!), extrusion, blow molding, thermo
forming (160-170-C), annealing (110-140"C), bonding 
difficult, welding, machining, screwing, soaping, finis· 
bing (surface treatment). 
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1.4.S. Polyethylene oxides {PPO) 

~ 

-[~·].-
CR a 

Significant properti.:s: Densitiy 1,06-1,10 g/cm3
, 

through modification with PS amorphous (poly
blencl), not transparent, high dimensional stability, 
best creep behavior. good abrasive resistance, good 
electrical behavior, crazing with carboohydrogcnes, 
low flammability. 

Important processing techniques: Pre-drying recom
mended (2h, ~ 12D"C), injection molding (T p = 260-
JOO"C, Tc=~llO"C, s=0,5-0,7%, high injection 
speed), emusion (gasiag screw), blow molding, ther
moforming. honcfing, welding (290"C), screwing. ma
c:biniag. foaming (structural foam). 

.. 
I 

~ 
I - .. ,,,, 

~ - -' 
' . ' l 

!; 

• ...,. -~-

I "" ' . . . 
Fig.1.20. G-T-function of PPO 

1.4.6.Polyphenylene sulfides (PPS) 

Cl:a 

-[~~.-
ca. 

Sipificant properties: Density 1,34 g/cm3, 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 proce55ing techniques: Pre-drying (1S0-
170"C), injection molding (Tp•300-360°C, Tc=20-
200"C, s•0,7%), compression molding (crosslinking 
under oxygen at 370"C), bonding, welding (US), ma
chining, sintering. 

Page 12 

1.4. 7. Sulfone Polymers 

1.4.7.1.Compoaaats 

The inherent oxidatnic and thermal 5lability of the 
sulf one polymers is due to the diarylsulfonc group and 
the diphenylether group. 

0 

-<O)-o-0)- {))-J-O)-
0 

1.4.7.2.Polysulfme (PSU) 

Clla a 

-[ @+<9>- ·-{Q)-{-@-• ]. -
Ola I 

Significant properties: Dcmity 1,24 g!an3
, amorp

hous, transparent ycllow, exceUent thermal stability 
(-100 to + 180 °C), good creep behavior also al 180°C, 
inflammability, crazing in 50llle agents. 

Important processing tcchnique5: Pre-drying (4h, 
135-150°C), injection molding (Tp=310-390"C, 
Tc=95-115°C, s=0,7- 0,8%, release agent prohibi
ted), extrusion, blow molding, thermoforming 
(200"C), bonding. welding (US), screwing, machining 
(polishing), galvanizing. 

~. ' . . . -: 
-~-

Fig.1.21 G· T -function of PSU and PES 
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1.4. 7.3.P9'ypbaaylsulfone ( PPSU) 

Polyarylsulfooc 
Significant properties: Density 1,36 glan3

, amorp
hous, transparent ydlow, unpolar, excellent thermal 
stability (-100 to 1fUC), cxccllcnt creep behavior, 
inflammability. 

Important processing techniques: Pre-drying ( 4h, 
135-150°C), injection molding (Tp=390-43'rC. 
T=l"J0.2flO°C, s=0,7%, release agent prolul>itcd), 
annealing (Sh, 165"C), extrusion, blow molding. ther
moforming(220"C), bonding. welding (US), screwing, 
machining (polisbing), ga1vanjzing. 

l.4.7A.Pol)'dhersulfoae (PES) 

n 

Significant properties: Density 1,37 g/an3
, amorp

hous, transparent yellow, unpolar excellent thermal 
stability (-100 to 200"C), excellent creep behavior, 
inflammability. 

Important processing techniques: Pre-drying ( 4h, 
135-150°C), injection molding (T p = 340-390"C, 
Tc = 120-ltiO"C, s = 0,6%, release agent prohibited), 
annealin~ (Sh, ltiO"C) extrusion, blow molding, ther
moforming (200"C), bonding, welding (US), screwing, 
machining (poliWng), galvanizing. 

l.S.Specialty Thermoplastics 

15.1.Cellulosics 

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

Cl-I, 
I 

[ 
,a-:-1, l 

- Cl ·-· -'II-Cl/ I 
I I .. .. 

•1· ... la 
11•1t1t11u: 

CA: a..- -
o: aw~•
caa. 
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Significant properties: amorphous, transparent, dear 
good electrostatic behavior, good crazing resistance, 
high gas permeability. 

'.'.lhtcrial 1=~ 
l'laslicizcr Warer 

c:onlelll (~) ilbsolptioa(~) 

CA 1.26-1,32 20-30 2,8-4,6 

CAB 1.16-1,22 3-IS 1.7-2.4 

CP 1.19-1.23 1~20 1.8-2.1 

" 

i "'.tL .... ...... 
: 

l '\ \. 
I t '\ 

! 

.. 
F1g.l.22. G-T-function of CA, CAB, CP 

Important processing techniques: Pre-drying (3h, 
SOOC), injection molding (Tp= 180-230"C, Tc=40-
7ffC, s=0,2- 0,7%), conditioning (24h, 20°C), extru
sion, blow molding, thermoforming, bonding 
(solvent), wdding. casting, sinlering. 

15.2.Specialty Polyolefines 

1.5.2.1.Polybuteae (PB) 

H H 
-le-cl-• I fl 

H Ctit 
c~ 

Significant pr~rties: Density 
0,91-0,92 g/cm (I), crystalline 
(up to 50%) opaque Tm= 120-
1300C (form I), 115-120-C 
(form II), 98-103°C (form ID). 
Crystallization from the melt 
leads to the metastable form II, the laner transforma
tions irreversal>le to the stable form I over S-7 days 
(end use), mechanical properties similar to PP, better 
aazing resistance. 

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

1.5.2.2.Polymetbylpeutene (PMP) 

Significant properties: Density H H 
0,83 g/cm

3
, crystalline, transpa- I ' • 1 

rent (!),Tm= 240"C, very good - C- C -
dielectric behavior, sterilizable H CH 
(120"C), low impact strength, 1 2 
crazing. CH ·CH3 • CH, 
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Important processing lcdmiqucs: lnjcdioa molding 
(T p = 2M-32fre. Tc= 20-60"C, s = l.S-2%). blow mol
ding. VA:lding. 

loaomcrs cootain intcr
cbain ionic bonding ba
sed oa Na-or Z.n-salls of 
cthylcae/mdacry acid 
copolymers. 

Significant properties: 
I'\.-,:... n ~ o.c: .. t 3 - · ,. ~ l.O..a L.....-.....,,_ 
~:1 ~ 8 cm , 10111C crossnn'"""'5 odM:eD 
-40 to +40"C. transparent, good mechanical inert
ness, high teasile strcagth cximparcd wilh PE. low 
diclcctric loss, cxcclknt aazing rcsistaoce 

1.5.3.Vinylidenchloride Polymers 

VDC: I .... :....-..... ...:.1. H Cl 
P Poyvm:t__._.....,. ' I I I 
Significant properties: amorp- - C - C -
bous, tramparent. clear, good I I n 
mechanical properties, very H (,I 
good barricrc properties 
againSl water vapor and oxy-
gen. 

Important processing techniques: Enrusion 
(T p = 200-210"C, decomposition at 210"C), solution 
coating. 

1.5.4. Thermoplastic Fluorpolymers 

f f 

PCfFE:Polychlorouifluo 
rctbylencs - [~-~J-

I I 1 
F a 

ECTFE:Elhylcnc-cblorotr . -(CH1CH.cF.CF).-
ifluoroctbylenc b 
copolymers 

ETFE:Ehtylenc-tctrafluo -(CH.CH1CF
1
CF J.

ret hylcne copoly-
mers 

' ' FEP:Fluorinatcd ethylene-_ [ ~-~] _ 
propylene copolymers ~ ~ • 

' ' -[:-l] -
I I • 
' a. 
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PFA:Pcrfluoroalkoxy ~ -l<CF.cFJ.Cf"1~ 

polymers i 

PVF:Polyvinylfluoridcs 

PVDF:PolyviDylidcnflo 
rides 

I • 

-[~-~J-
I I • 
I f 

I f 

-[l-~]-
1 I • 
I f 

Significant ..-opcrties: Crystalliac, opaque. while, 
combinarinn of very high c:bcNical resistuc:e, very 
high tcmpmturc resistanc:c, good mrchuiral pro
perties, low wdtability and useful clcctrical proper
ties, ClrCdlcnl fridioD behavior-. 

Maraal Poluily ~ Brialceas 
l!~llC 

PCTFE pom 2.1 -100 

ECTf'E pom 1,7 -100 

ETfE aapolar 1.7-1,8 -100 

fEP aapolar 2.1-2.2 -100 

PFA aapolar 2.1-2.2 -100 

PVF pom 1,4-1,6 -"JO 

PVDF pom 1,75 -a> 

Important processing tedmiqucs and typical applica
tions: lnjec lion molding. blow molding. c:musioa. 
compression molding. welding. machining Use of 
corrosion resistant materials on any equipment requi
red. 

Malerial ~,<-<:) SlariDbp ( .. ) 

PCTFE 260-320 l~l,S 

ECTf'E 260-300 ~~'i 

ETfE 280-330 ~2,;S 

FEP 330-420 3,0-6,i) 

PFA 350-420 4,0 

PVF 220-320 2.,M,O 

PVDF 220-300 3.0 
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1.5.S. Tlaermoplastic polyimides (Pl) 

Sipi&canr popedics: Density l.3-1,4 rJaa3
, amorp

boas, polar, dark, cra:llcal lempmlUre rcsist•nc:e, 
good mcdu111ical properties, low impact streDglb, p 
od &ictioDal behavior up to Dre, insnflicianr weat
her rcsist•nce 

Important processing techniques: Pre-drying (4h. 
J.SO'C). injcctioa molding (Tp =340-430"C, Tc= 100-
lSO'C, s =o.>O. ~).compressioamolding(T p = 220-
36CJ"C, p = 100-300 bar, annealing 24h al 2S«re), 
casliDg (from solUlioo), machining. foaming 

0 

{~ .@:>-@- 0-@- NH t 
0 0 

Sipifiaid properties: Good lllttbanjcal properties, 
creep resistance &om -200 to 1fiO"C, good cledrical 

, behavior, rclalivdy high waler absorption. 

Important processing techniques: Injection molding 
(T p = 30MOO"C). 

1.5.6.Tlaermoplastic FJastomen (TPE) 

Tbermoplastic elastomers arc a~ family of rub
berlike but aot crosc.linW malerials that can be pro
ccucd and recycled as thermoplastics. 

Linear polyurctbaues (PUR) 
Copolyesters (typically PBTP and polyletramethylene 
ether glycol) 
Slyrcne block copolymers (PS and polyisoprenc, po
lybuladiene, EPR) 
Polyolefine blends (PE and EPR) 
Ionic clastomers 
Polyetbcr-polyamidc elastomcrs 

SipifJCaDt properties: Strudurc of blocks or domains 
of hard thermoplastic constituents link elastomcric 
c:oastitucnts in a network that behaves at scniicc tem
perature like a chemically crosslinkcd 1truaure. At 
proa55ing temperatures the bard domains soften and 
allow the polymer to flow. High toughness, flexibility 

Page 15 

ewer a wide range of temperature, good rcsistaDc:c to 
abrasion and wcathcnng. 

Importanl processing techniques: Injection molding. 
compression molding. extrusion, rcaction injcclion 
molding (RIM), casaing. 

: I 

-· 
.•. -- I . " f 

- · I I 
I I .... I I I - -. 

F"tg.1.23 G-T-functioo of PUR clastomcrs 

1.6. Thermoelastics 

1.6.1. Acrylics 

Acrylics include homopolymers, copolymers and mo
nomers. The most important is PMMA: polymcthyt 
metbacrylale 

Specialty grades: 

AMMA: Acrylonitril
MMA-co
polymers 

MBS: MMA and buta
dicne-styrcne-co 
polymers 

H OI, 
I I 
c-c 
I I 
H C•O 

I 
0 
I 
Of. • 

Significant properties: Density 1.18 rJaa3
, (PMMA), 

1,17 (AMMA), 1,08 (MBS), amorphous, brilliant, 
transparent, glossy, excellent aging behavior, high 
stiffness, low water absorption. 

Fig.1.24. G-T-function of PMMA 

Important processing techniques: Casting, pre-drying 
(4b, 70-lOO"C), injection moulding (Tp=200-2S<rC, 
Tc• S0-90'C, s = 0,3-0,8% ), extrusion, thermofor
ming (150-lSO-C), annealing (2-3h, 60-SO-C), bon
ding, welding, machining. 



2 Extrusion of Blown Fdms 

2.ExtmsiGn 3f Blown Films 

2.1. Introduction 

Film blowing is the most important method for produ
cing polyethylene films. It is estimated that some 90% 
of all PE films arc produced on blowing linc.s. The 
cmusioo process offers optimum cfficicncy and other 
advulagcs. likc variability in the width and thickness 
cfimcnsions and the ..add~~:- mccbanical __ _.. __ ~, ~ proper 

tics obtainable by biaxial oricatalion.. 

Mac:binerycbeJopmcot wcnt through a build-up pha-
se under pressure &om the efforts to raise the quantity 
ud quality of the end product in order to satisfy 
incrcasing demands Thuss, by comparison with 1955, 
it has bcca possible to raise the OUlpUl of medium-si-
7.Cd cmusioo UDits by about a factor of two or tbrcc. 
In spite of the large increase in machine ccsts that also 
took place over this period, it was possible to reduce 
the price/output ralio of a blown film line, and so 
astmmt-udopcrational unit ccstsarc more favor- ~ 
able with modem, high- performance lines than with 
older ones. Using more precise market intelligence it 
bas bcca possible to establish that the demand some 
)'C3l'S ago for quantitati\oe improvcmcot in perfor
mance yielded an inacasing quality consciousness. 
This can be rerngnPed in the fact that use of cocex
trusioa to manufacture superior multilayer films 
sboM a disproportiooatcly high growth rate, and test 
equipment for quality CODlrol is being inaeasingly 
used. The move towards high-quality film is also based 
on the demand to be able to produce the ideal fdm for 
a po purpose. Thus the usual range of film proper
ties, like dimcosional precision, strength, mcnsion at 
break, sbrinkagc, weldability, coavcrsion efficiency 
("macbinability", among othcrs, broadened to inclu
de additional quality characteristics relevant to the 
cad use, such as gas barrier, moisturebarricre, chemi
cal resistaoce and so on. 

The cbaraderization of a film or a film composite 
must take conYCl'5ion operations and end uses into 
aa:ounL There arc many aitcria and test methods 
used for quality characterization of blown films. 

Dlmeu1oD coatrol 

Film thickness. The thickness variation along and 
across the machine running direction is a particularly 
important quality aiterion which strongly influences 
secondary proccssability and the way the malerial can 
be;acd. 

The variations in longitudinal thickness should be less 
than +I- 2% from the average. In the transverse cli
rcction, depending on film thickness, low-up ratio, 
l4alerial, and falm speed, the variation can be +I- 3% 
to +/-15%. 
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Fdm width. Maintenance of narrow width tolcranccs 
is achieved by the USC of calibratioo and control sy
stem. The width tolerance acbicvcd with a modem 
high-performance lies between + /-1 and +I- 2mm.. 

Mac:bille rulllliag 

Machine running characteristics serve as a measure of 
the comutibility of films. They arc dctcrmincd by 
dUncasional accuracy. stiffness, frictioaal ud slip be
havior, tendency to sticking (blocting flalncss) ud 
other properties. As.scssmcnt of macfrinab&y is car
ried out almost cxdusWely by cspc:1imcnl, OI' is based 
on cxpcricnce. Machine l1llUIDlg cbaractcrislics can 
be influenced by appcopiale adjustmcnl of the opera
tional parameters or by modificalioa of the raw mate
rial employed. 

The stiffness of the film is 'Va)' importaal in rclalion 
to transfer and comcyingdcviccson packaging equip
ment, sack- and bag- macbincs. 

By b!ockiog is meant the situation when layers of film 
stick to one another. It is caused by the film being too 
hot when it is squcczcd by the haul-off unit and al the 
wind-up station, or because of ddicicnccs in the ma
terial itself. During emusion, low-molecular-wagbt 
olcfinic compounds migrate to the surface ol the film, 
where they can lead to blocking. By use of an intcmal 
air exchange S}'Slcm these compouads arc extracted 
from inside the bubble, and the tcndcncy to blocking 
is reduced. 

Optical quality criteria 

Air as cooling medium offer a cost-effective means of 
energy removal, but has the disadvanlagc that it cools 
the film down slowly and the surface becomes rougbe
dcd by air turbulcncc. The kind of clarity that is pos
sible with the chill-roll process cannot be obtained 
with blown fdm. 

For characterization of the optical pr~ tbemost 
.imoportant methods are 

- gloss measurement (ASTM D 2A51), 

- measurement of the reflcc- (ASTM D 1003), 
tion and scattering effect at 
the film surf ace, haze meas
urement 

- passing a beam of white (ASTM D 1746), 
light through the film, 
measurement of ~see-
through" clarity 
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- masurcmenl of lhc sharp
ness of an image viewed 
lhrougb lhc film .. 

Foe optical and quality dwactcrizalion of a film, a 
count o( gel particles and impurities is also used. 

Slralglla, atasiem, slarillbge 

Tbe following wdl-bown lest methods arc used: 

- tensile lest (stress at break. 
exlcasioo at break) 

- tear propagalion rcsistan
ceoa trapezoidal, and OD 

Gravcs'angle test spcci
lllCllS 

- edge test resistance 

DINS3455 
ISOR/1184 
ASTM882-67 

DINS3363 
DINS3515 

DIN40634 

- puncture test (energy, foe- DIN 53373 
c:e to damage) 

- dart drop test ASTM D 1709-62 T 

There are no standard test for measuring shrinbgc 
and shriabge forces.. But one widely adopted method 
for dclermining the shrinkage is to observe dimensio
nal changes in a fiJm specimen 15 DUD wide. 100 DUD 

loag. after 20 s immersion in a glycerine/water mixture 
al 1209C.. 

Tbe dctcrminalion of shrinkage requires a much grca
ta 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 flVC clements. 

- mrudcr, 
- dieunit, 
- cooling and cah'bratioo unit, 
- haul-off unit, 

- wind-up. 

2.2.2.Extruden 

Exlruders used for LOPE blown film production arc 
prcdominanlly slow-running single-screw units, with 
tbe following range of dimensions: 

- screw diameler D: 40 to 200 mm, 
- screw length: 20 D to 30 D. 

The speed of these extruder screws is limited to a 
maximum surface velocity of 0.810 1.2 m/s. 
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High-performance cxtruders for blown falm ba\'e very 
cffacicnl, slcC\'Cd feed zones, wbicb ba\'C the following 
rca1urcs (F".g.2.1.) 

- '--hwisc wbicb ........:~n.. in ~he~ "Cioa. taper ---:r t transport 

- intensive cooling of tbc grooved sleeve. 
- gQ<!d heat barrier bclwcca tbc healed barrel 

ind tbc grooved slcevc. 
- rdatiYcly small sc:rew-Oiglll depth.. 

Tbe operating principle, in brief. is as follows: 
lhc lcagthwiscpoovesand tbcsllallowscmrchannels 
produce stable graaulc bridges wbida RCCive astromg 
component of shear in tbc tnDspOlt dircelioa tr.. 
the screw flighls, siDc:c tbc pooves inhiJit rotar:ioul 
motion of the granalalc. lnlcasfte c:oolimg and beat 
insulation is needed to suppess prc:marure pmtica
tioo.. 

F"ig.2.1. High efficiency feed zoac (a) exlnlder band, 
(b) tbcrmal break, (c) grocwal sleeve, (cl) feed ope
ning, (e) cooling spiral. (f) grooves. 

This extrusion priuc::iple makes il possible to operate 
with low extrusion temperatures and, in additioa, tbc 
transport rate is iDdcpcadeat ol tbc back pressure 
over a wide range. Tbe cSlrUdcr screw is sabdMdcd 
into tbe following fundioaal areas: 

- feed and comprcssioa, 
- plastication with tbe aid of shear clemeau, 

- homogenization :zoae with mixing elcmenes. 

The screw geometry must be designed so that tbc melt 
is processed and mechanically bomogenized at the 
lowesl possible temperature. 

Materials used for screw arc principally chrome sleek 
and nitri<k;d steel with nitridchardcncd surf KC$. The 
screw lights arc usually proccctcd with a wear-rcsi
stant alloy, to provide a longer service life particularly 
for the processing of highly pipicntcd color coacen
tratcs. 



2.2.3. Dies 

Tbc film blowing head. lhc die OD a blown film liDc. 
shapes lhc mdl in a a.arrow annular gap. This shaping 
proa:s..\ mUSI be carried out free ol blemishes and al 
lbc lowest acceptable lcmpcralurc. 

11arce kinds ol blowing head. in particular. arc used 
iDdustriaDy 

- side-fed dies 
- spider-type dies (Fig.22.) 

- spiral maadrd dies (Fig.23.) 

Ftg.2.2. Spidcr-typc die (a) smear device, (b) spider 
ring. ( c) CClllcring. ( d) CDtry for internal air 

F"ig.2.3. Centrally fed spiral mandrel blowing die with 
internal cooling (Windmoller und Holscher design). 
(a) spiral mandrel, (b) centering system, (c) internal 
cooling system. ( d) external cooling 
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ll4.Cooliag and calibration 

The mck emerging from lbc die gap is blown in lbc 
thermoplastic state and drawn down to final dimen
sions. The deformation process stops al tbc freeze 
line. which the cbaagcover from lbc plastic to lbc sOOd 
stale occurs. 

Bubble cooling is carried OUl by air emagiag &am a 
cooling ring IDOUllled clirccdy m the die oadet.. Air 
'VOiume_ air speed. and tbc directioa ol tbc air stream. 
aswdl as air tempcrahUC,dctcrminc tbcdfectM:ness 
ol cooling Cooling n. used DOWadays almost wit
hout cxceptioo employ lbc labyrinda system ol design 
with single-stage OI' two-stage pe:ssurc equalization 
chambers. 

cooling capacity. 
- bubble stabilily. 
- uniformily ol tbc airstrcam. 

2.1.A.2 ... renal coolillg 

A5igaificanr improvaacat in pc:dormancc is achia'cd 
with inlrma1 cooling byinlrmal air m:haagc, and this 
bas aow become established as a normal feature of 
bigh-pc:dormancc film blowmg tcdlaology. ID Figures 
2.4. and 2.S. tbc inOucac:e ol cooling air temperature 
m lines with and without inlrma1 cooling is shown 
schcm~. 

•• • ••• •'l• ............ _ 
FJg.2.4. Maximum baul-oft' speed as a fundioD of 
cooling air tcmpcralllrC aad film lhic:bcss, without 
iDlcrnal cooling ( cxperimcatal values). 

• II • II 9'1:• ...... ...,...._ 
fig.2.5. Maximum baul-off speed as a function of 
cooling air temperature and rdm thicbcs.s, with inter
nal cooling (experimental values) 



2. Extrusion of Blown Films 

2.2.S.Haul-oft" unit 

Haul-off uails Uadude collapsing frames and haul-off 
or squcczc rolls. Edge guides, also. arc c11cnsMly 
used just before the collapsing frames, in order to 
casme tbc stabilily of the bubble and that the falm is 
fed accunldy into the frame. 

The collapsing &amc is coaslnlCled from two ore 
more wedge-shaped. angularly adjustable surfaces 
made of either wood or &cc-running roDers. 

The gcomdrical reJationship in colla.-nsing a film bub
ble arc indicated in F'pe 2.6. To prC\'Clll folds occu
riag during coDapse, one must keep the deformation 
fon:cs as small as possible, by workieg with 'VCI')' low 
&ictioa and the smalJcsr possible opening angle. 

rlg.26. Creasing during bubble coDapse because of: 
(A) length diffcrcac:c, (B) frictioaa1 resistance 

2.2.6.Winden 

ralm windcr5 are c:lcvidcd into two categories: 

- coatact windc15, 
- 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 againSI 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 shaf l lie 
parallel to lhat of the contact roll; this is normally 
ensured by using two coupled support arms along 
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which the falm roll is displaced as the diameter increa
ses. with the result that the drM:-roll pressure should 
remain nearly constant (Fig.2.7.) 

Fig.2.7. Contaa winder (schematic) (a) cootacl roll, 
(b) film roll, (c) pneumatic cylinder, (d) dancer roll, 
(e) teasioning rolls 

Wdh central winders (also known as axial or direct 
winders) t!ie v.inding shaft is direct driYcn. The driYcs 
are dcsigocd so that as the fiJm roll diameter increases 
- and the motor speed decreases- the torque increases 
to keep the web tension constant. Dancer- roll control 
(fig.2.8.) and computer-controlled drives carry out 
these tasks. Central winders can produce soft rolls of 
wound film at 'VCI')' low web tcasioo. This process is 
aided by air that is drawn in bctwccn layers during 
wind-up, and the buffer effc:ct. which compensate film 
thickness differences. Such rolls are less scnsitive to 
shrinkage after wind-up. 

• c 

b 

ragure 2.8. Central winder (schematic diagram) (a) 
swiveling pressure roll. (b) dancer roll, (c) winding 
shaft in Slart position, ( d) finished roll f dm. ( e) capstan 

Winders arc usually provided with a range of auxiliary 
devices: 

- guillotines, 
- longitudinal slitters 
- edge or center r..ontrol. 
- pretreatment, 
- edge trim evacuation. 
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2.2.7.Tlaicbess uniformity 

To obtain a cylindrical film roll, thc thicbcss varia
tions oa:uring in thc web must be spread CYCDiy across 
thc full width of the roll, so as to guarantee troublcfrcc 
comusioo.. The tubular film ~ offers varions 
possibilities· 

- rotali&g baul-off/windu combiaation, 
- rotating extruder and die, 

- rotaling die, 
- roaliDg <II' rmsiDg haul-oft demcnts 

2.3.PE-HD Blown Film Lines 

HDPE blown film, also described as higb-mob:ular 
(HM) film, is much less important than IDPE in the 
EmopcaD pdaging scctol'. This is DOt so in Japan. 
yd because of its llltt.baNcal properties and special 
pasa-litc c:baractcristic il has aimc to occupy aa. 
established place in tbc film coaw:rsioo industry. 

Tbc propcity improvrmcats O¥a" IDPE, which are 
briclfy described below, result from the particular 
molecular structure of HDPE: 

- ~viscosity0¥a'thec:omplete range of shear 

- !ft,tosr,roagfloworicnrarionbccauscof 
..... molccu1ar structure, 

- moleculare breakdown ar high shear rates, 

- croWinlring (gel particles) at temperature pe aks. -
- high melt temperarurcs, 

- post-shrinkage of the film, 
- leadeacy to c:rcasiag. 

U1nden 

HDPE film c:an equally well be produced on small 
Jines with CllnJdcn baviDg short SCl'CWS of 16 to 2SD 
and maximum SCl'CW surface speeds of 1.4 mis, as~ 
lines wilb c:oavmioaal Cllnldcn with special SCl'CWS. 

The Cllnldcn are equipped with feed zoaes (grooved 
sJma) of high rnmport d6cieacy, and SCl'CM with 
shear and mi:ling %OllCS. 

:1'be giooved sleC\'e operates as a stable solids-coovey
mg pump, and makes possible a high enough specific 
throughput for rhe ex1ruder remperature to be kept 
below 240'C and for thermal breakdown of the mate
rial to be awided. 

The high Yiscosity and surf ace hardness can lead to 
iaaeased saew and barrel wear: for this reason har
dened steels and bard metal alloys arc preferred no
wadays for screws and grooved lecvcs. 
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Design cakulations OD dies ~ to lake pressure of 
400 to 800 bar inlo ac::counl. The spiral mudre1 die is 
the best suited to accept high wmking pressures, be
cause of the design principle followed. Tbc rbcologi
cal design of tbc melt channels and spirals bas to be 
carried out in such a way that acesavcsbear ralCSare 
a\'Oidcd. The use of bard-chromed surfaces is recom
mended to suppress melt fracture and to a\'Oid build
up of surface deposits (plate-oat). 

The die diameter geaeraDy lies berwcca 30 and 20) 

mm. 

The shape of an HDPE bubble is cficrinc11y different 
from that of IDPE (F".g.29.) Blow-up of tbc tabc 
occurs, ar the earliest, 5 to 8 diaQICICl'S &om tbc die. 
The blow-up ratio usually lies belwcc:a 4:1 and 6:L 

b 

d 

Fig.2.9. Cooling and calibrarioa of HDPE blown film 
(scbemaric diagram). (a) bubble aeck, (b) iris dia
phragm with height adjust ment, ( c) cooling ring. ( d) 
blowing head, (e) calibration basket with height ad
justment 

The cooling ring and the ring-lips arc shaped to stabi
lize thc bubble form, as well as to provide inrcasive 
cooling. Iris diaphragms with height adjustmeat, 
mounted just above the freeze line, are used for cali
bration. 

Haal-o«llllit 

The baul-off' unit is fitted with a wood-slar collapsing 
frame and a brge number of side elements to guide 
lhc relatively stiff ra1m, and to make it possible to work 
with a very small angle of opening during collapse of 
the bubble. To ensure that the fdm temperamre in rhe 
collapse region is correct, the haul-off is often adjus
table in height. 

Winder 

In HOPE 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 tension 
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ol the film web. The auxiliary cquipmcnl dcscn"bcd in 
2.2.5. is aJso installed on HOPE winders.. On compact 
winders, edge coatrol ol the web can be omitted. 

Tbcrc arc three preferred systems in normal use for 
spreading out wmoidablc thickness variations in the 
film: 

rotaling Clb1lder wdh die, 

- rotating haul-off/winder c:ombinalion, 
- robliDg die/cooling ring unit. 

Liacs Uh internal air cxc:hange can aJso be used for 
producing HDPE film, an-' although no particular 
~in performance is to be expected. there 
arc 5e\Ual advantages worth noting: 

- improved bubble Slability, 
- improved cooling, 
- ~.OD of wlatiJes. 

2.4.PE-LLD Blown Film Lines 

This raw malcrial has displaced 1.DPE in some appli
calion because ol its special mechanical properties 
and the low cost of production (low pressure process). 
A comparison with IDPE ~ out the special fea
tures of this material: 

- for the same meogth a 25 to 50% reduction in 
film lhickncss is pOssiblc, 

- exlemioo at break is about 200% greater. 

Jn the USA about 30% of all l.DPE has been replaced 
by ll.DPE, but in Europa ll.DPE is only used for 
suetch fdms, in refuse sacks, as a second component 
in l.DPE and HOPE, and in cocxtrusion applications. 

The macbil'ery producer has to make modifications 
to take account of the particular characteristics of this 
malerial, which relate especially to the molecular 
SlrUcblre and the rhcological behavior: 

The higher viscosity relative to LOPE requires a hig
her 5Cl'CW torque or drive torque, and mo<iifacation to 
the 5Cl'CW geometry, in order to produce the lowest 
pcmible melt temperature. 

Narnw molecular...apt distributioa: 

nm reduec5 the strength in 1he plastic stale and 
lowers bubble stability, and calls for a special cooling 
technique to be used. The external cooling system has 
the additional tuk of supporling and stabilizing the 
bubble. For this reason two-stage cooling rings arc 
quite often used to produce a Venturi effect (pa.1ial 
vacuum). 
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To ooualeract mdl fracture. which is a coarse defor
mation ol the surface of the Clllnldale as ii emerges 
from the die, the die gap must be increased ( Fag.2.11.) 

t 
C-

i 

w.ice;-
Figurc 2.10. VISCOSity as a funcboa ol shear rale f« 

LlDPE 

l.DPE and llDPE (general principles). 

FJgW'e 2 .11. Die contours for IDPEand llDPE with 
expcrimcntal values. 

2.S.Blown Film Coextrusion 

25.1.Process 

The sillies saw the cbdopmeal of processes for ma
king multilayer blown films in one operation and their 
application in the productioa of IDPE double-la)w 
films. The main fJdd of application was for two-c:olo
red milk-pouch film which was dyed whilclblack or 
white/brown. At the same time beaYy-duty bag films 
with imprcwed properties were inlroduc:ed iDlo the 
market in the USA. As many fields of applic:atioa, 
particularly in the food sector, set moisture- and gas
barrier requirements which could ao longer be fullfil
led by one raw material, the ~ties saw the further 
development or cocxtrusion of incompatible raw ma
terials such as PA and LDPE as well, the adhesion 
required was achieved 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 cocxtrusion system. 
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In coatrast lo casl film extrusion. where lhe individual 
la)'CJS arc usually combined in a multilayer adaptor 
and distributed across the width of a cast film die, 
blown film c.~usion opcralcs with scparalc melt 
channels (Fig.2.13 .. 2.14.) 

The advantage of the SCparalC melt cbaJmcls lies in 
the fact thal raw malcrials of different viscosities arc 
easier to combine, with the tolerances of the individual 
layers being mostly dctcrmindcd by the design of the 
melt channels. The layer thic:kncss ratios arc easily 
adjustable by way of the emuder speeds, without 
puts of the blown film die having to be ca:bugcd. 
The individual layers arc then joined in the outlet area. 
The main melt s1reams arc guided separalcly until 
they lca¥C the die. and a COllllllOll die gap can be 
created by fixing additiooal die lips. The COllllllOll die 
gap protects the individual gaps against damage and 
midalioa 

The dimcmions of the individual gaps for the main 
layers arc. in the case of unMrsal blown film dies, the 
same for all gaps. The gap widths range &om 0.7 to 
Imm, andtbcc:ommoodiegap&om 12to 1.5mm. This 
die design permits layer thicknes.s ratios from 1:2 to 
1:3 when the same or similar materials arc used. If 
greater tbickncs.s differences arc required. materials 
with lower viscosity must be used for the thinner 
layers. If that is not possible, the die gap geometry 
must be adapted to the la)'Cr-thlckocss rc!ationship. 
In the case of coemusioa dies, which can also CXlrUdc 
thinadbesfic layers, this measure is a1ready accounted 
for by reduced gap widths. The great market signifi
cance of blown film CXlrusioo is due both to the coa
tin uo usly improved technology and to the 
~of new raw materials. Furthermore, the
re arc the following process-related advantages which 
arc a fealUrc of the blown film process: 

- The blown film .P.roccss is well known to falm 
producers, handling is simple and conversions 
can be carried out quickly. 

- It is pos.sjblc to produce very thin layers ·.vithin 
a range from 2 to S pm. 

- The lines arc ~I)' ~ and different film 
widths arc obtafDed IJy sclcctiH hieher or 
lower blow-UP. ratios for the fibii tu6c. The 
film thickness is controlled bv way of the take
off speed or the emudcr oufput. 

- BY. rotaJing the ~ ~ coolipg rjn.g. the .ntl> 
rOU stallOD or the ~sJatlOD. •t JS pqssibfe 
to produce cylindrical paclragcs waste-free. 

- The film can be wound as tube, laterally gus
seted- or flal film. 

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

- Byuitt!ng the tube it is also posliblc to ~rate 
waste-free when winding ir as Oat film. This is 
of particular advantage 1n the case of multi
comP.QDCnt films, as r~cling treatment and 
c~~ applicallOllS of rcgroUnd malcrial are 
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Figure 2.13. Diagram of thrcc-la)'Cf cocxtrusion 
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&J ~ 
-""'' ........ -t 

llill ~ --l'll =-IO( .. 
" Figure 2.i4. Diairam of five-layer coextrusion 

2.5.2.Polymer Combinations and Proper
ties 

Raw materials arc classified as support(Tab2.15) , 
adhesion ( Table 2.16.), or barrier materials 
(Tab.2.17), depending on their function. 
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2.5.3.Applications 

Cocxtrusion is employed for three reasons: 

improvement of conversion behavior, 

cost reduction, 

quality improvement. 

Depending OD the application, these aiteria can be 
achieved individually or in combination. 

There is no oDe thermoplastic which processes all the 
desired properties. The decision on which materials 
to use to form multilayer films will therefore depend 
largely OD the properties required, but also on the 
price achievable. 

For an optimum combination of polymers one must 
also take into consideration whether the chosen ma
terials will adhere to each other or if bonding agents 
must be used. Table 2.18. 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 
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Within the limits that cocxtrusion 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 bytCSIS or field 
experience. In practice, optimum muhila)'U films ha
ve been found for many fields of application by selec
tion withir. the various polymer groups (Tab.2.19.) 
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Table 2.19. Material combinations, special properties and import ant applications or cocxtrudcd blown films 



3. Blow Moulding 

3.Blow Moulding 

3.1.0peration 

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

Blow molded components are eroding the market for 
traditional malcrials, particularly in liquid packaging 
appliatioas Bottle and liquid container applicatium 
dominate the market. Since the area of the introduc
tion of polyethylene (PE) squeeze bottles forwashing
up liquid, polyvinyl chloride (PVC) or cooking oils 
and fruit sqasb bottles, polyethylene terepblhalate 
(PET) for carboaalcd bauagc bottles, and others, 
there bas 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 polyolefmcs (PE, 
PP), PVC and today, PEf, are increasingly being 

-...-. .. -
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combined with special barrier layer materials. Oxygen 
and water vapor resistant coatings arc successfully 
preserving Oavor and extending product shelf life. 
New process technology brings wide scale introduc
tion of multila)"Cr containers to our supermarket shel
ves much closer and companicrs arc capitalizing on 
the progress achic'VCd 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 Oportunitics) is in Fig3.1. Targeting for 
low cost is summarized in Fig3.2. 

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

rag.3.1. Completebluwmoldiagoperation - the FALLO aproach is to Follow All Opportunities. This block diagram 
basically summarizes what 5hould be considered to ensure a good return on investment to produce all types and 
shapes of plastic blow molded produds, including those thal will open new markels where pradically an•! shape 
can be produced. The block diagram meets the objective of this one-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 - Sleps that mu~t 
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 requirements, specific plastic based 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 "interrelale", (d) setup complete 
controls such as quality control, troubles!iooting guides, preventative maintenance, etc. Result is to meet "uro" 
defects, meet performance (customer) requirements and produce targeted profit. 
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PerfGmlinc:e requirement-

F'ag.32. Costing is an indispcnsible economic aid for 
management and requires understanding and control
ling all aspects of operations such as those summari
zed in Flg-3.1. It includes effective plant management 
and financial control. As shown by this diagram. target 
is to blow mold products that meet performance re
quire mcots at the lowest cost. 

Aftta&C 
pRICluclioD A~ 
rare, caauillct 

Basic.,,..._ Malcrials parts per bour siic 

ea.ta.- ntrusion Pol~thylcnc (PE). SOOtol.600 4""""' to 
-.1cc1amp polJPRIPJlcnc (PP). 7-112 p!loas 

pol)'Qfboaacc (PC). 
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Wllcdm.p PolJcdaJlctic (PE), 2JJOO to S.000 lltolOOouoca 
(6 IO l4 damps) ,...,,...,. dlloridc 

(PVC).pol~ 
(PP).~ 

....._ atnlliota l'olJnltylcae (PE) SOOto2JOO lto121ouoca 
1u:ipl a :catias sarw ud polycllbollatc 

(PC) 

Acnmulli« bead PolJcdaylcnc (PE) 5010SOO Sto2.000pllom 
ud c..p.ccrina 
pbstics 

SuCldl blow moldi"I Polywin,t cllloriclc 1.200 to 4.000 16to.CSouaccs 
(PVC), polycthylcac 
tcrcplldlalate (PET). 
polJPRIP1'c• (PP). 
~rile 
(PAN) 

llljcaiotl PolJcdaylcac (PE). SOOto3.000 Ito 16ounca 
lllow-willc pol)pa..,,lcllC (PP). 

polywin,t cllloridc 
(PVC). polJClllylcae 
tcn,....._(PET), 
pol)artlDufc (PC). 
polJKIJlonicril 
(PAN), polJllJfCllC 
(PS) 

Dip"'°'" llDldie& PolycdtylcM (PE). SOOto IJOO lto240Uftftl 
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poly1Crylotli1rilc 
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(PS) 
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l.200!oUnl 110..,ouncn 

Table 3.3. General types of blow molding processes 
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Different types of plastics arc used lo prod11cc various 
blow molded parts. Typical blow moldmg 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, intcrmiueol, accumulator and stretch). 
The other process that consumes almost 25% is injec
tion blow molding (stretched and uostrctched). 

Apprmimalc 
-nu 
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permit 

50 

10 

10 
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lO (iadudiac 
mar) 

S (111cludill1 dip 
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(MCIUCldl 
blow moldin&) 
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3.2.Extrusion Blow Molding 

In extrusion blow molding (Frg.3.4.-3.9.), a parison is 
formed by an ex1.rudcr. Basically the plastic is melted 
by heat which is transferred lhrough lhc barrel by lhe 
shearing action of the extruder screw as it passes 
lhrougb the extruder. The hclical flights of thc screw 
change configuration along its lcngdi from inpul lo 
output ends to assure a unifonnly homogeneous mclL 

' 
Turning continuously, the screw feeds the melt 
through thc die -head as an endless parisoo or into an 
accumulator. Siz.c of the part and thc amount of ma
lcrial n«essary to produce thc part (shot size) dictate 
wbclhcr or not an accumulator is required. The no
naccumuJator machine offers an uninterrupted Oow 
of plastic melt. 

W'dh the accumulator, Oow of parisoo through thc die 
is cyclic. The co1mecting cbannels bctwccn thc CXbU

dcr and the aa:umulator and within thc accumulator 
itself, arc designed rbeologically to pr~ restric
tions which might impede thc Oow or cause the mck 
to hang up. flow paths should have low resistance to 
mck 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 
parisoo and pinches one end. Compressed air inflates 
the parisoo against the hollow blow mold surfaces 
which cool the inflated parison to the blow mold 
configuration. Upon CODtact with the cool mold wall, 
the plastic cools and sets the part shape. The mold 
opens, ejects the blown part. and closes around the 
parison to repeat the cycle. 

Fig.3.4. Basic rxtrusioo blow molding process: (1) 
parison being extruded; (2) compressed air inflates 
parison; (3) blown container being ejected. 
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-- -
Fig.35. Neck ring process (Moosanto Co.). 

0 
f"'ig.3.6. Trapped air process. 

f"'ig.3.7. 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 arc blown in 
an inverted position. This system can be used to pro
duce bottles with fmishcd necks that do not require 
post-finishing operations other r.han dctabbiog. Sche
matic shows hand transfer. However, production ma
chines use electromechanical transfer systems. 
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Fig.3.8. Extrusion blow molding cycle. A complete 
cydc graph showing a typical blow molding cycle fO£ 
5 lilcr containers.. Phases a, b, and c illustrale the 
breakdown of blow molding cycles. 
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Fig.3.9. Schematic of interminenl parison cxtrus:on 
into a stationary mold. Extruder operation is interrup
ted after the parison has reached the desired length 
and before the mold halves have dosed around it 
(left). Operation is resumed at the cod of the ejection 
step (right). (USJ. Chemicals) 

3.3.Injection Blow Molding 

Injection blow molding has basically three stages (sec 
Fig.3.10.-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 fmish at the top. This fmish, of course, is 
the fanal fanish of the bottle and is molded to close 
tolerances. 

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

In the third stage, the container is transferred again 
on the core rod. The fmished container is transferred 
to the third stage where it is ejected from the machine. 
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• 
Fmg.3.10. Basic injection blow molding process: (1) 
injection preform; (2) blow molding and ejection. 
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z 

Fig.3.11. Basic shuttle-type injection blow molding 
process (using COD\'Clltional injection molding machi
ne; Husky Machine Co.j. (1) Preform injection mol
ded; (2) blowmoldmovcsintoposilion; (3) blow cycle; 
(4) blow mold raised with finished parts. 

FJg.3.12. Schematic of injection molding process: pha
se 1- Preform molding via injection molding 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 (fig3.14.-
3.20.) has become an imponant high speed, high pro
duction technique, largely due to the 2-liter 
carbonated be'tcragy bottle that uses PET resin. A 
variety of other bottling applications exist such as 
foods, cosmetics, etc. Stretched polypropylene (ex
trusion) blow molded bottles have been used since the 
early 1970s principally for packaging detergents.. 

The imponance of molecular orientation is widely 
remgnised By biaxially stretching the extrudate befo
re il is chilled in the mold, real improvements to the 
finished bottles can be obtained. This technique al
lows the use of low.:r material 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: (l) Extruder; (2) Sizing balhs; (3) Haul-off; (4) 
Loop stand; (5) Reheat oven; (6) Cutter, (7) Puller, 
(8) Mold closing unit neck cahl>ration; (9) Clamping 
system; (10) Stretch blow molding machine. 

~ !~ 
1 2 

, • s • 7 
Fig.3.15. The Orbet Process (of Phillips 66 Co.) is a 
two-step process dcUglled to again the advantages of 
material orientation in the blown ware. Continuous 
extrusion of tubing for the parison is extruded and cut 
to length separately. These cold parison tubes arc 
loaded on spindles that travel through a carefully heat 
controlled oven. After pas.o;ing through a progJammed 
heating procedure, 1hc hot plastic tube-parisons arc 
picked up by a clamp which lransports them to the 
blow spindle where 1he end is clam ped in the neck 
ring. Al lhis poinl, 1he picker rises to slrelch the 
parison; following lhe slretch which provides axial 
orien1a1ion, the mold halves clamp togelher and the 
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"blow· expands the form into the finished product with 
orientation perpendicular to the axis. This process i< 
panicularly sui1able for polypropylene and the bottle 
thus produced has panicularly desirable proper tics. 
Molds are similar to Olher blow molds. 

Proaucing a biaxially oriented bottle: ( l) parison is 
positioned on the rOlor pin; (2) programmed radian• 
heating is applied to parison wall; (3) picker places the 
heated parison on the blowing/swage; ( 4) dircaded 
dies dose on the parisoo and swagc up tocompres.sion 
mold the bottle neck; (5) pickec ascends, vertically 
orienting the parison; ( 6) mold closes and bottom 
pinchoff is served by tapered steel sutlers in the mold; 
(7) bottle is blown (upside down) as picker removes 
the tail pinchoff. 

MP,_ -- ,..,,_ -- -- --
Fig.3.16. The central idea of the Corpoplast process is 
the production of bottles in two stages, beginning with 
a cold intermediary stage - the preform. The preform 
is already a container dosed on one end, although its 
diameter is considerably smaller than thal of the bott
les formcs from it. This preform is rapidely and preci
sely warmed in the machine according to set values 
within the thermoelastic deformation range of the 
malerial, 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 beating process is differentiated in such 
a way thal the degree of stretching. in association wirh 
the specific properties of the malerial, will produce 
optimal biaxial orientation over the entire surface 
area. In the thermoelastic forming range, much below 
the melting temperature, ma1erial molcculcs 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. 
In this way it acquires a biaxial orientation, i.e. running 
in two directions parallel to the surface. 

The sequence of operations illustrated here converts 
an extruded tube into a necked parison. (Krupp Cor
poplast) 
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Ftg.3.17. Basic stretch injcclioo blow molding process 
(two-step). (1) lojcctioo preform; (2) rcbealprc(orm; 
(3) stretch blow molding and cjcctioa. 

(".Cl --... ...__ ...,..._ ..,.,._. __ 
...... 

Fsg.3.18. Schematic of stretch injection blow molding 
(in- line/one-step): phase a - preform molding via 
injection molding machine; phase b - rcbeal preform; 
phase c - strctcbiog and blowing, phase d - cjcctioo. 

....... 

Fig.3.19 Reheat stretch-blow molding machine that 
can make. up 10 2,000 botdcs/br from injee1ion molded 
preforms of PET, PVC, PAN, and other thermopla
stic materials has been introduced by Ballen f eld Fi
scher. 
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Ftg.3.20. A tem.pmtmc coaditioncd injcctioa pre
form is inserted into the blow mold cavity, then is 
rapidly stretched. Often a road is used to sttc1ch the 
preform in the axial diredioa with air pres.sure to 
stretch the preform in the radial direclioo. 
The stretch-blow process can give many resins impro
~ ph)'Sical and barrier properties. lo biaxial orien
talioa., bottles stretched leagthwisc by an eslcmal 
gripper, « by an intcroal strech rod, and then strct
chcd radially byblow air to form the finished ooatainer 
against the mold walls. This process alinp the moleai 
lcs along two planes providing addiboaal strength, 
and ~ IDOl'C important, better barrier properties 
than is possible wilhout biaxial orientation Other ad
vantages include better clarity, increased impact 
strength, or toughness, and reduced creep. The actual 
increase is dependent on lhc ratio of blow up in each 
dircctioo. 
The process allows wall thickDess 10 be aCCW"atcly 
coatrollcd and also allows weights to be reduced, so 
lowering material costs. Further the cost of rehearing 
lhc material is offset by lhc dUoination of scrap pro
duced at the neck and base by the o<hcr production 
S}Slcm. 

3.S.Multi-Layer Containers 

The barrier requirements to meet package needs vary 
depending on the product being packed. Properties 
that may need to be rctamcd can include gases, water 
vapor, aroma, taste, solvents, etc. lo addition, every 
barrier package must respond to the spccifac custo
mers's processing tecbniqucs and distribution system. 
The result has been the~ of a wide diver
sity of barrier container tecbnologics and processes. 

There are three basic ways in wbicb to increase the 
barrier properties of a rigid plastic container. The 
first is to imprcwc the barrier properties or the single 
polymer or copolymer being used in a mono-layer 
contain.:r. The second is to place a barrier coating on 
either the inside or the oul5idc 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 tccbnologjes arc suitable: 

- coextrusion, 
- coextrusion blow molding 
- coinjection blow molding 
- coinjCClion stretch blow molding. 
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4.Extmsion Recycling of Plastics Waste 

4.1.0perations 

In 1bc fifties thc fust attempts were made to reclaim 
plastics waste and 10 make ii useful aOI' processing For 
1bc most part primirive reclaim tcdmiqucs were used. 
and uasarisfactory rcsuks obtained.. 

Since lhea plastics rcqding has~ into a high 
-level tcdmology comparable wilh odlCI' Qlldstanding 
tcdmologics in plastics processing 

Many circumstaaccs COlllribulc to the problematic 
aspccrsof rccyding. Among these is thc fact thal when 
prUlwy products arc manufactured. thoughl is sel
dom pen to scrap rccovay IDClbods 

Problems in thc re-use arise wida colored scrap, coa
~ Oil metal, tcxlilcs OI' paper, and with coc:xlnl
sions. 

Additional influcnccs include UV- and thcrmo-o:lida
tive ones, dirt, foreign bodies and moisture. 

The various tcdmologics required for redajming arc 
also deter mio-:d by thc form of the materials, such as 
fibres, films, pipes. profiles. and many others. 

In practice today recovery methods arc of tbrcc basic 
rypes: 

- graaulatill& 

- agglomeration 

A dccpcr study of the diffcrcat recycling prOCCSSC$ 
sbOW5 the following: 

- ~oloysis requires grcal t~ effort and 
inveslmcat. Thus, the economics of this appro
rcmaia in doubl. at the time being. 

- hydrolysis is only useful for particuJar kinds of pla
stia; cod products arc monomers, the basic com
poacats of the plastic. 

- granulating. dcnsifac.ation, and agglomeration arc 
reclaiming processes which do not affect quality, 
since thcV arc merely physical processing steps. 
They can be used indcpencndy, bUt arc usuatly part 
of complete extrusion systems. 

Extrusion of waste materials reveals a totally diff crenl 
situation: 

- specific reclaim costs arc low, 

- investment costs arc low; production capacities 
range from SO kg/h lo well above 1000 kg/h, 

- high quality product is obtainable thanks to the 
wcll-dcfmcd and controUablc nature of the pro
cess, 

- the waste materials can be modifacd during the 
proccs.s. 

- there is a wide variety of applicalions. and pr-acti
cally all thcrmoplastic.s can be processed. 

- in ~ cases a final product is manufactured 
directly from the waste, Without intermediate pcl
lctizing. 

4.2.Melt Recycling 

With wcB-dcsigacd r-laats, the merail process should 
be c:arricd out in pm:isc1y dcfinM, individually con
trollablc steps. 

The complete plant is only as good as its individual 
componeats, which must be properly interfaced to 
create a smoothly operating processing unit. 

Figure 4.1 shows the typical flow sheet and a schematic 
layout of a rccyding plant for fdm and fiber waste. 
Incoming material is fed (a) past a metal detector (b), 
to a granulator (c); poeumaric comcyor (d) then mo
~ the chopped material to a stock silo (e). Conveying 
air is released through a cyt:loae or exhaust filter (t). 
Theaamme!' feeder (k) rcccivcs dean material direct 
from the stock silo, or contaminated material via a 
washing plaat (g). A metal separator (i) is placed 
between aammer feeder and stock silo. The Oiffy 
cut-film scrap is dcnsificd and force-fed to the otru
dcr (I) by the crammer feeder. The extruder plastifies, 
homogenizes, degasses (if required). and coovcycs the 
mch into the screen changer (o) which falters conta
minating materials from the meh. The melt-pressure 
measuring unit (n) indicates when internal screen 
changing occurs. The melt-temperature measuring 
unit (m) measures the melt tmpcrature. Upon passing 
thc saeen changer the melt streams through the die 
bead (p) and through lace dies wida linear or circular 
hole patterns, to be cut by the die face pelleti7.cr ( q). 

The lens-shaped pcllcb arc cooled by water for an 
appropriatedislance and then move to the pellet dryer 
(s). The dryer removes surface water from the pellets, 
but leaves some residual moisau re, which is nrccssary 
for further processing. 

The cooled pellets arc then run over a classifying 
screen (t) to scperalc over- and undersized particles. 
Depending on the conveying distance involved, either 
a blower (u). or a vacuum system with a star valve is 
used 10 convey into the storage silo (v). A station for 
weighing and falling bags (w) or other containers can 
also be provided. 



4. Extrusion Rec:ydiag of Plaslics Waste 

The indMdual processing steps arc: 

- granulation 

-~ 
- storage 

- dcnsiflCalion 

- wasbiag 

metal separation• 

plastication and homogenizing• 

melt filtration• 

pcllctizing• 

The stancd • steps arc quality-dcfining and qualily
iDfl»cncing factors - lhc others arc regarded more or 
less to be quantil:y- or cflic:icncy-iaflucocing delllClllS 

• 
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Figure 4.1. Principle of reclaiming waste plastic (film, fibres, etc.) by extru5ion (a) conveyer bell, (b) metal 
delector, (c) granulator, (d) conveyor blower, (e) stock silo, (f) exhaUSI filter, (g) washing plant, (h) stock silo, (i) 
metal separator, (k) crammer feeder, (I) extruder, (m) melt-temperature sensor, (n) melt·preuure sensor, (o) 
M:reen changer, (p) pelletizing die bead, (q) water-cooled die-face pelletizer, (r) water container with circulating 
pump, (s) spin- dryer, (t) classifying screen, (u) pellet-conveyor, (v) pellet lilo, (w) bagging scale 



4. Extrusion Rccydiag of Plastics \Vasrc 

4.3.Applications 

Tbcrmoplastic ,._'3SlC is dcvidctl into the following 
calcgorics for pcactical purposes: 

- bulk ~ics: LDPE. HOPE. PS. PP, ABS, 
SAN, PVC, 

- l"noilW'f"nno plastics: PA, PETP, pc, and simi-
~..,,. 

and into the following types: 

in-line factory waste (unused), 

used waste. 

Unforhmalcly the wa..<te is not often available in a 
segregated coodirioo, and mixlurcs of widely differing 
materials cause great problems in reciaiming and sub
scqucul pma:ssing 

Tablc4.2. shows the c:ompalibiJity of difl'Cl'Clll tbcrmo
plaslics. The reciaiming processes difl'cr according to 
the quality and type of the tbcrmoplastic waste mate
rial; tbcsc may be dassific'-d as follows: 

standard process for in-line waste, 
- wash!ng and reclaiming process for contami

nated waste, 
- rcclaiiniJJgplus com~ in a~ pro

cess for filling and alloying af the same tune, 

- special process for cnginccring plastics, 
direct r~ from waste to the final pro
duct, with filling if necessary. 
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Table 4.2. Miscibility of diffcrenl rhcrmoplasrics. The 
miscibi lily dcacascs from 1 lo 6, i.e. 1 means very 
good miscibility, 6 incompatibility. 
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6. Annex B: Selected Suppliers 

6.Annex B: Selected Suppliers 

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

Extruder 
E;..1ruders 
Machines d·extrusion 
Estrusori 
Maquinas de extrusion 

IElnedlnec:bnextrudef 
Single-screw extruders 
Extrudeuses monOV1s 
Estrusori monOV1te 
Extrusionadoras de un husillo 
Achenbach Plastic-Maschinen 
A.0.S.SA 
Afex Masc:lllnenbau 
Alpine Aktiengesellsc:haft. 

Kunststollverarbeitungs
muchinen 

AmutS.p.A. 
APV Chemical Machinery 

Limited 
ArenzGmbH 
ArvorGmbH 
Automatik Apparate-

Maschinenbau 
Axon AB Kunststoffmaschinen 
Bandera Luigi S.pA 
BarmagAG 
Barwell International Ltd. 
Bassani Muc:heroni & C Sri 
Battenfeld Extrusionstec!'lnik 
Bekum Maschinenfabriken 

GmbH 
Beringer USA/Swisscab 
Berstorff Maschinenbau GmbH 
Betol Machinery Ltd. 
B.G. Plast Sri 
Boston Matthews Machinery 
Brampton Engineering Inc. 
Breyer GmbH. Maschinenfabrik 
Cellier SA. 
Cincinnati Milacron 
Colines PP&P S.r.I. 
Colines s.r I., Gruppo 
Or. Collin GmbH 
Colmec S.p.A. 
Cornago s.r.I. 
Covema s.p.a .• Nuova 
Dalaker Kunststoffmaschinen 
Davis· Standard 
Davis-Srandard 
Oipiemma Dies 
Oolci S.p.A .• Ing. L. 
Egan Machinery Division 
EremaGmbH 
ER·WE-PA Maschinenfabrik 
Extrudaids Limited 
Extrudex Kunststoffmaschinan 
Fairex 
Falcon 
Far•SpA. 
Farrel Corporarion 
Farrel Lid. 
F.B.M. s r.I. Falzon! 
F erros1aal AG 
Fong Kee Iron Works Co. 
Formac s.r.I. 
Friul Filiare s.r.I. 
Furure Design Inc. 
Garanl Maschinenhandel 
Gillard & Co. Lid. 
Gimac di Maccagnan 
Gmehling ·maGme
Gumix. S.A. 
GebrUder Haake 

kl•. Bernhard 
lmuo-Fomon 
lndemoSA 
lndustrie General Group 
ltalwork s.a.s. 
Jofra Maschinen 
Kilion Extrudals 
Krauss-Maffei 
Krupp Balaplast 
Krupp Maschlnentechnik 
KuhneGmbH 
leistritz 
LenzingAG 
Leonard di Ugo Castalnovo 
Lung Meng 
Macchi S.R.L. 
Machinery Bellora 
Macro Engineering 
Mai Virginio s.r.I. 
M.A.M. • Meccanica 
Mat Plast Sari 
McNeil Akron Repiquat 
MUiier + Sohn AG, Paul 
Nokia • Maillefer 
Olrnas S.R.L. 
OmamS.P.A. 
O.M.C. S.r.I. 
Omicron PtaM s.r.I. 
Omipa S.p.A. 
O.M.V. • Officine 
Plastbau SpiMtechnik 
Plastik·Maschinenbau GmbH 
Plastmachines Gelderland 
Pomini Farrel SpA 
Prandi G. & C. S.p.A. 
Prealpina S.r.I. 
Previero N. S.r.I. 
Prornatech s.r.I. 
R C M AG, Rubber Consulting + 

MachinefY 
Reifenhiuser GmbH & Co. 
Scamia 
Schlicht. Rolf 
Schwlbanthan Maschinanfabrik 
Sentinel Machinery 
Shaw& Co. 
Somaplast snc 
Sorema s.r.I. 
Steelastic 
T echnoplast Kunststofftechnik 
Tecma Italia S.r.I. 
TecomS.r.I. 
Theysohn·Extrusionstechnik 
Thyssen Edelsllhlwerke 
Toshiba Machine (Europe) 
TrimecSAS 
Troester Maschinenfabrik 
Union off. mecc. 1.p.1 
Weber Maschinenlabrik 
Weldi"g Engineers 
Welexlnc. 
Werner & Pfleiderer 
Western Polymer Division 
Wilmington Machinery 
WindmOller & H6fscher 
Woywod Kunststoffmaschinen 
Yvroud S.A. 
Zell Plaslic Sales 

~ 
Twin-sc:rew extr;£!f•rs 
EXtrudeuses s 
Estrusori bMte 
Extrusionadoras de dos husillos 

actull Anlmgen-. Masd*1en· 
und w.rkzeugbau 

AmutS.pA 
APV Chemical Machinery 

limited 
Bandera Luigi S.pA 
Bassani Masc:heroni & C Sri 
Battenfeld Ex~tachnik 
Bausano Group SpA 
Berstorff Masc:hinenbau GmbH 
Betol Mac:hinary ltd. 
Cincinnati Milacron 
Clextral 
Or. Colin GmbH 
Comacplast s.n.c. 
Covwna s.p.a .• Nuova 
Davis· Standard 
Oipiamme Dies 
Egan Mac:hinary DMsion 
esde Maschinentechnik 
Extrudaids Limited 
Feddersen & Co. 
Fong KH Iron Works Co. 
Friul Filiare s.r.I. 
Gebriider Haake 
Ide, Bernhard 
lmexo-Fornoff 
lndustrle Generali Group 
Jofra Maschinen 
Kraftanllgan Akllengnallschaft 
Krauss-Maff8' 
Leistritz 
LMP lmpianti 
Lung Meng 
Maplan International 
MapreSA. 
Marls S.p.A. 
Mal Plul Sari 
McNeil Akron Rapiquet 
OmamS.PA. 
O.M.C. S.r.I. 
Plastik-Maschlnenbau GmbH 
Ptastiprogram s.r.I. 
Reifenhiuser GmbH & Co. 
Rockstedt oHG 
De Rollepaal BV 
Schwlbenthan Maschlnenfabrik 
Sentinel Machinery 
Speedex (Engineering) 
Tecma Italia S.r.I. 
Theysohn Maschinel'\bau 
Theysohn·Extrusion1tachnik 
Thyssen Edelstahlwerke 
Toshiba Machine (Europe) 
TrimecSAS 
U.S. Extrusion, Inc. 
weber Maschinenfabrik 
Yielding Engineers 
Werner & Pfleiderer 
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Extruderfolgemaachlnen 
Follow-on egu1p1nent tor extruders 
Materiel aux1haire d1extrus1on 
Attrezzature aus1harie per impianli dt 

estrus1one 
01spos111vos aux1hares para la extrusion 

Son1tlge Extruder 
Extruders lor other design 
Autres extrudeuses 
.C.ltrc estrusori 
Q1ras extrus1onadoras 

actual Anlagen-. Maschinen-
und Werkzeugbau 

A.OS. S.A. 
Anthony Crowe AG 
Axon AB KunststoHmaschinen 
Aandera Luigi S.p.A. 
BarmagAG 
Barwell International ltd. 
Bassani Mascheroni & C Sri 
Battenfeld Extrusionstechnik 
Bekum Maschinenfabriken 

GmbH 
Beringer USA/Swisscab 
Berstorff Maschinenbau GmbH 
Cellier SA 
Colines PP&P S.r.I. 
Colmes s.r.I., Gruppo 
Color Metal GmbH 
Comacplast s.n c. 
Comago s.r.I. 
Covema s.p.a .. Nuova 
Davis-Standard 
Oipiemme Dies 
Duspohl Vertriebs GmbH 
Egan Machinery Division 
Entex Rust & Mitschke 
ER-WE-PA Maschinenfabrik 
Extrudaids Limited 
Extrudex KunststoHmaschinen 
Fairex 
Farrel Corporation 
Farrel Ltd. 
Fong KH Iron Works Co. 
Frank OHG 
Friul Filiere s.r.I. 
Gelaplast 
Gimac di Maccagnan 
Gebruder Haake 
Ide. Bernhard 
lndustrie Generali Group 
Killion Extruders 
Krupp Maschinentechnik 
Leonard di Ugo Castelnovo 
Lung Meng 
Macchi S.R.l. 
Mai Virginio s.r.I. 
McNeil Akron Repiquet 
Muller + Sohn AG, Paul 
OmamS.P.A. 
0.M.C. S.r.I. 
Plastik·Maschinenbau GmbH 
Prandi G. & C. S.p.A. 
Promatech s.r.I. 
Pyles Division 
R C M AG. Rubber Consulting + 

Machinery 
Steelastic 
Tecma Italia S.r.I. 
Theysohn Maschinenbau 
Thyssen Edelstahlwerke 
Weber Maschinenfabrik 
Werner & Pfleiderer 
WK Worek 

Accrapak Systems ltd. Strand 
Pelletisers. Sieves. Air Knives 

Achenbach Plastic-Maschinen 
actual Anlagen-. Maschinen-

und Werkzeugbau 
Alex Maschinenbau 
Alpine Aktiengesellschaft. 

Kunststoffverarbeitungs
maschinen 

AmutS.p.A. 
Axon AB KunststoHmaschinen 
Bandera Luigi S.p.A. 
BarmagAG 
Bassani Mascheroni & C Sri 
Bastian Wickeltechnik GmbH 
Battenfeld Extrusionstechnik 
Battenfeld Gloenco 
Bausano Group SpA 
Berstorff Maschinenbau GmbH 
Betol Machinery ltd. 
Boston Matthews Machinery 
Breyer GmbH. Maschinenfabrik 
Bruckner - Maschinenbau 
Calini G. Fabbrica Macchine 
CellierSA 
Cincinnati Milacron 
The Cloeren Company 
Dr. Collin GmbH 
ColmecS.pA 
Color Metal GmbH 
Colsmann & Kirschner 
Condux Maschinenbau 
Covema s.p.a .. Nuova 
Davis-Standard 
Dipiemme Dies 
Dolci S.p.A .. Ing. l. 
Egan Machinery Division 
Elmepla s.r.I. 
Entex Rust & Mitschke 
EremaGmbH 
ER-WE-PA Maschinenfabrik 
Euromac Costruzioni 
Exact Attrezzature 
Extrudaids Limited 
Extrudex Kunststoffmaschinen 
Fairex 
Falcon 
Fare S.p.A. 
FAS Converting Machinery 
Ferrostaal AG 
Flynn Burner Corporation 
Fong Kee Iron Works Co. 
Formac s.r.I. 
Frinkische Rohrwerke 
Future Design Inc. 
Gerlach GmbH 
Gillard & Co. Ltd. 
Gimac di Maccagnan 
Gnata Filippo & C. 
Graewe GmbH, Kurt 
Gumix, S.A. 
Gebruder Haake 
HACOBA-Textilmaschlnen 
vom Hagen + Funke 
Hegler Plastik GmbH 
von Hein GmbH 
Heuser, Hans 
Hofmann + Schwabe 
Ide, Bernhard 
lmexo-Fornoff 
lndustrie Generali Group 
INOEX GmbH 

In.Set. lndustriale Settala 
IPM S.n.c. 
ltalwork s.a.s. 
me s.p.A. 
Kampf GmbH & Co. 
Killion Extruders 
Kraftanlagen Aktiengesellschaft 
Krauss-Mattei 
Krupp Bellaplast 
KUAG - Kunststoffmaschinen 
LicoS.p.A. 
LMP lmpianti 
Maag Zahnrider AG 
Macchi S.R.L. 
Mai Virginio s.r.I. 
Maier Heidenheim 
M.A.M. - Meccanica 
Maplan International 
Maris S.p.A. 
Mat Plast Sari 
Matthews-Niescher GmbH 
Mazzoni s.r.I. 
Mecanor AB, Oy 
Gebruder Menzel 
Mouzon S.A.. G. 
Nokia - Maillefer 
Norcoil Trading A.S. 
Nuova Protex 
Oleotti, Pio 
Olmas S.R.L. 
O.M.C. S.r.I. 
Omicron Plann s.r.I. 
Omipa S.p.A. 
Plastik-Maschinenbau GmbH 
Plastiprogram s.r.I. 
Plastmachines Gelderland 
Prealpina S.r.I. 
Previero N. S.r.I. 
Promatech s.r.I. 
R C M AG, Rubber Consulting + 

Machinery 
Reifenhiuser GmbH & Co. 
Reinhold, Klaus 
Rockstedt oHG 
De Rollepaal BV 
Scheer & Cie. 
Schlicht, Rolf 
Schwabenthan Maschinenfabrik 
Senn AG, Georg 
Sentinel Machinery 
Shaw& Co. 
Sherman Treaters Ltd. 
S.l.C.A. S.p.A. 
Softal electronic 
Somaplast snc 
Sorema s.r.I. 
Southwest Screens and Filters 
Speedex (Engineering) 
Stahlkontor Maschinenbau 
Sulzer, Gebruder 
Tecma Italia S.r.I. 
Tecnova Snc 
Tecom S.r.I. 
Theysohn-Extrusionstechnik 
Trendelkamp GmbH u. Co. KG 
TrimecSAS 
Troester Maschinenfabrik 
Truplast Kunststofftechnik 
Uni-Flo 
Union off. mecc. s.p.a 
Urban GmbH & Co. 
VMI Epe Holland 
Vobau, Artur Baston 
Weber Maschinenfabrlk 
Welex Inc. B 2 



Extruslonsanlagen fur Mehrschlchtfollen 
und -platten 

Extrusion plants tor multilayer si1eets 
Installations de coextrus1on 
lmpianti d1 coestrus1one 
lnstalac1ones de coextrus16n 

Extrualonaanlagen fiir Aachfollen 
Extrusion plants for flat sheet 
Installations d'extrusion de feuilles a filiere 

plate 
Linee di estn,;sione a testa piana per foglie 
lnstalaciones de extrusion para laminas 

planas 

Afex Maschinenbau 
AmutS.p.A. 
APV Chemical Machinery 

limited 
A."on AB Kunststoffmaschinen 
Bandera Luigi S.p.A. 
BarmagAG 
Battenfeld Extrusionstechnik 
Battenfeld Gloenco 
Berstorff Maschinenbau GmbH 
Betol Machinery ltd. 
i:!.G. Plast Sri 
6reyer GmbH, Maschinenfabrik 
Bruckner - Maschinenbau 
Cellicr SA 
Cincinnati Milacron 
T ne Cloeren Company 
Colines PP&P S.r.I. 
Colines s.r.I .. Gruppo 
Or. Collin GmbH 
Covema s.p.a., Nuova 
Davis-Standarc' 
Dipiemme Dies 
Dolci S.p.A., Ing L. 
Egan Machinery :Jivision 
ER-WE-PA Maschinenfabrik 
esde Maschinentechnik 
Fong Kee Iron Works Co. 
Gelaplast 
Gumix, S.A. 
Gebruder Haake 
ltalwork s.a.s. 
Jofra Maschinen 
Killion Extruders 
KuhneGmbH 
Lenzing AG 
Mai Virginio s.r.I. 
McNeil Al<ron Repiquet 
OmamS.P.A. 
Omipa S.p.A. 
Plas•ik-Muchinenbau GmbH 
Plastiprogram s.r.I. 
PrB.ndi 13. & C. S.p.A. 
Promatech s.r.I. 
ReifenhAuser 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. 
Windmoller & Holscher 
Woywod Kunststoffmaschinen 

Achenbach Plastic-Maschinen 
Afex Maschinenbau 
Alpine Aktiengesellschaft. 

Kunststoffverarbeitungs
maschinen 

AmutS.p.A. 
Axon AB Kunststoffmaschinen 
Bandera Luigi S.p.A. 
Barmag AG 
Berstorff Maschinenbau GmbH 
Betol Machinery ltd. 
Bielloni Castello 
Bielloni Macchine 
Bielloni S.p.A. 
Breyer GmbH, Maschinenfabrik 
Bruckner - Maschinenbau 
Cellier S.A. 
Cincinnati Milacron 
The Clo~ren Company 
Colines PP&P S.r.I. 
Colines s.r.I., Gruppo 
Dr. Collin GmbH 
Colmec S.p.A. 
Covema s.p.a., Nuova 
Dalaker Kunststoffmaschinen 
Davis-Standard 
Dipiemme Dies 
Dolci S.p.A.. Ing. L. 
Egan Machinery Division 
ER-WE-PA Maschinenfabrik 
Extrudaids Limited 
Fairex 
Falcon 
Fong Kee Iron Works Co. 
Friul Filiere s.r.I. 
Gimac di Maccagnan 
Gumix, S.A. 
Gebruder Haake 
lndemoS.A. 
ltalwork s.a.s. 
Jofra Maschinen 
Kiefel Extrusionstechnik 
Killion Extruders 
Kuhne GmbH 
LenzingAG 
Macchi S.R.l. 
Macro Engineering 
Mai Virginio s.r.I. 
McNeil Akron Repiquet 
Oleotti, Pio 
Olmas S.R.l. 
OmamS.P.A. 
Omicron Plann s.r.I. 
Omipa S.p.A. 
O.M.V. - Officine 
Plastik-Maschinenbau GmbH 
Plastiprogram s.r.I. 
Prandi G. & C. S.p.A. 
Reifenhauser GmbH & Co. 
Scamia 
Sentinel Machinery 
Shaw & Co. 
Sherman Treaters Ltd. 
Somaplast snc 
Tecma Italia S.r.I. 
Tecom S.r.I. 
Toshiba Machine (Europe) 
Union ofr. mecc. s.p.a 
Welex Inc. 
Western Polymer Division 
Windmoller & Holscher 
Woywod Kunststoffmaschinen 



exu~sio_n_i?ia~is-io~ 1-ub~-1a~tilms ·· -· · 
lnstallattons d'extrus1on de ga1nes 

soulflees 
lmpianti di estrusione per him e foglie 

tubolari 
lnstalaciones de extrusion para laminc 

tubulares 
Afex Maschinenbau 
AISA Automation lndustrielle 
Alpine Aktiengesellschaft. 

Kunststoffverarbeitungs
maschinen 

AmutS.p.A. 
Angelo Ciola e Filhos 
APV Chemical Machinery 

Limited 
ArvorGmbH 
Axon AB Kunststoffrnaschinen 
Bandera Luigi S.p.A. 
BarmagAG 
Bassani Mascheroni & C Sri 
Battenfeld Extrusionstechnik 
Batter1feld Gloenco 
Betol Machinery Ltd. 
Bielloni Castello 
Bielloni Macchine 
BieRoni S.p.A. 
Brampton Engineering Inc. 
Camevalli + Cia 
carvalho & catarro, S.A. 
Cincinnati Milacron 
Cogerni s.r.I. 
Or. Collin GmbH 
Cosmoplastics S.p.A. 
Oalaker Kunststoffmaschinen 
Davis-Standard 
Davis-Standard 
Dolci S.p.A .• Ing. L. 
Egan Machinery Division 
Extrudaids Limited 
Fairex 
Falcon 
Fong Kee Iron Works Co. 
Formac s.r.I. 
Future Design Inc. 
Garant Maschinenhandel 
Gumix, S.A. 
Gebruder Haake 
Harlan & Co 
lndemo S.A. 
ltalwork s.a.s. 
JofrA Maschinen 
Kiefel Extrusionstechnik 
Killion Extruders 
Kuhne GmbH 
LenzingAG 
Macchi S.R.L. 
Machinery Bellora 
Macro Engineering 
M.A.M. - Meccanica 
Meccaniche Moderne 
Omicron Plann s.r.I. 
Placo Co .. Ltd. 
Plastik-Maschinenbau GmbH 
f'lastimac S.p.A. 
Plastiprogram s.r.I. 
Prandi G. & C. S.p.A. 
Reifenhauser GmbH & Co. 
Reinhold, Klaus 
Scamia 
Sherman Treaters Ltd. 
Taiwan Universal Ltd. 
Tecma Italia S.r.I. 
Tecom S.r.I. 
Western Polymer Division 
Windmoller & Holscher 
WMW-Export-lmport 
Zeta Plastic Sales E 



Extruslonswerkzeuge 
f;;xtrus1on dies 
F1ileres d·extrusion 
F1here per estrus1one 
Moldes de extrusion 
actual Anlagen-. Maschinen

und Werkzeugbau 
Alpine Aktiengesellsch•ft. 

Kunststoffverarbeitungs
maschinen 

AmegAG 
Amut S.p.A. 
APV Chemical Machinery 

limited 
Axon AB Kunststoffmaschinen 
Bandera Luigi S.p.A. 
BarmagAG 
Battenfeld Extrusionstechnik 
BemaTecSA 
Berstorff Maschinenbau GmbH 
Bestenlehrer GmbH 
Betol Machinery Ltd. 
Bohler Ges.m.b.H. 
Brabor s.r.t. 
Braun Werkzeugbau GmbH 
Breyer GmbH. Maschinenfabrik 
Brugmann Frisoplast GmbH 
B & S Gereedschappenindustrie 
Calcagni Mario & C. 
Campagner Angelo 
Cincinnati Milacron 
The Cloeren Company 
Colines PP&P S.r.I. 
Coline• s.r.I., Gruppo 
Cormalnc 
Covema s.p.a., Nuova 
Davis-Standard 
Davis-Standard 
Oipiemme Dies 
Entex Rust & Mitschke 
ERE Kunststoff 
esde Maschinentechnik 
EubelKG,W. 
Extrusion Dies Inc. 
Facit & Incorporation 
Formplast Moller 
Frinkische Aohrwerke 
Friul Filiere s.r.I. 
Future Design Inc. 
The Gauge and Tool Makers 

Association 
Gillard & Co. Ltd. 
Hassenzahl Sohn GmbH 
Hauzer Techno Coating 
Hawo Metaalbewerking b.v. 
Hivet ECM 
Ide, Bernhard 
lndustrie Generali Group 
Komeetstaal A.E.E. Merk 
Krupp Bellaplast 
Krupp Maschinentechnik 
KUAG - Kunststoffmaschinen 
Macro Engineet•-;; 
Mai Virginio s.r.I 
Maplan lnternatiO!"!.\ 
Mirotech Inc. 
Molde Matos 
Muller+ Sohn AG, Paul 
Muller ratiolab 
Nokia • Maillefer 
O.C.F. 
Oleotti, Pio 
Omipa S.p.A. 
Picard GmbH & Co. KG, C. A. 
Previero N. S.r.I. 

Aotfil s.r:1. 
Shaw& Co. 
Soarmoldes 
Somaplast snc 
Somoplaste 
Techno-Chemie Kessler 
Technoplast Kunststofftechnik 
Tecma Italia S.r.I. 
Theysohn Maschiner.bau 
Theysohn-Extrusionstechnik 
Thyssen Edelstahlwerke 
Truplast Kunststofftechnik 
Uni-Flo 
Uniplast Kunststofftechnik 
Verbruggen p.v.b.a. 
Vollmar Anlagentechnik 

Bluwerkzeuge 
Blow moulding tools 
Moules de soulflage 
Stampi per solhaggro 
Moldes de soplado 

A.0.S.S.A. 
Aspoh House 
Barmag AG 
Battenfeld Fischer 
Bekum Maschinenfabriken 

GmbH 
Bernaco Maschinenbau GmbH 
BOhler AG 
Bredlow GmbH 
B & S Gereedschappenindustrie 
Eder. Karl. Robust-Plastik 
Eubel KG. W. 
Facit & Incorporation 
Falcon 
Foboha GmbH Formenbau 
Formplast Moller 
The Gauge and Tool Makers 

Association 
Gerstung Modellbau KG 
GIEMO 
Hass GmbH & Co. 
Hawo Metaalbewerking b.v. 
HEKGmbH 
Hivet ECM 
Holloway 
Industrial Santa Rosa 
ltalstampi srl 
Jacob GmbH. Harry 
Johnson Controls 
Kobelin-Werkzeugbau 
Krupp Kautex 
Kunststofftechnik Waidhofen 
Lamko Tool & Mold 
lips B.V. 
Luger Formenbau 
Magic MP S.p.A. 
Mat Plast Sari 
Mauser-Werke GmbH 
Mirotech Inc. 
Moldoplastico. Lda. 
Moulds Point S.R.l. 
Muller GmbH. w. 
PECGmbH 
Perstorp Compounds 
Planimolde 
Poltec 
PPK Plastic Project 
Rotfil s.r.I. 

Measunng equipment tor material testing 
Appar~1.1s de mesure pour l'essai des 

matenaux 
Apparecchiature di misura per prove su 

matenah 
Aparatos de med1da para ensayos de 

matenales 

ATS FAAR S.p.A. 
Brabender OHG 
Ceast S.p.A. 
Coesfe!d GmbH 
Comago s.r.I. 
Oubuit, Machines Dubuit 
Eekoner Industrial Co .. Ltd. 
Electrolux Systemtechnik 
Electronic Systems S.pA 
Elektro-Physik Koln 
Eltex - Elektrostatik 
Erichsen GmbH \:Co. KG 
Erichsen Vertrieb GmbH 
FAG KugeHischer 
Frank GmbH, Karl 
Gabo Qualimeter 
GEL lnstrumente AG 
Gottfert 
Gebruder Haake 
Hammel Maskinfabrik 
Heraeus GmbH, W.C. 
Hess Messgerite 
Hillesheim GmbH 
lnstron International 
IPT lnstitut fur Pruftechnik 
K!stler lnstrumente 
Krautkramer GmbH & Co 
La~.da Or. R. Wobser 
Lippke Handels-GmbH 
Lloyd Instruments 
Macbeth Division 
Measurex GmbH 
Metravib Instruments 
Mettler lnstrumente GmbH 
Micromet Instruments, Inc. 
Mocon/Modern Controls, Inc. 
Monsanto Europe S.A. 
Myrenne GmbH 
Netzsch-Geritebau GmbH 
Octagon Process Technology 
OMYAGmbH 
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 Fordertechnik GmbH 
'3olomat Verkaufsburo 
Or. 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. TEA • Berto Lamet 
Sate System S.r.I. Thyssen Edelstahlwerke 
Sermo S.A. Torbay Engineering Co. 
Sidel U ii C 
Soltauer ZinngieBerei n_ oy ome~ 

RC MAG. Rubber Consulting+ 
Machinery 

Stahl Blasformtechnik Uniloy Moretti , . ' 
Standex International W~ntworth Mo.uld anc; Die 
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