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The growth of the food packaging industry has raised more interest -inabeul fibre
packing The use opetroleum basefdackages is unfriendly to the environment while-bio
based is a sustainable option for food packing. In this Master Thesis the aim was to
discover how the preferming machineriesunnability is affecied by parameter®of the
pressand how italso affects formability of paperboard trays.

Familiarisation of the working operation parameters was done witkKAMA ST 75 flat-
bed die cutting machine and thé¢3-70 mould pressSome small test runs of mouhdj
trays where done to get acquainted to the adjustment parameters of the machines.

Literature study was done on how paperboards physical properties react to the forces
applied during press forming. The study of what kind of defects to the paperboard tra
might occur during forming process and tbausesfor these defectsAlso how the
parameters of the press forming machine affects formability of the tray.

Maintenance procedures was done to the press forming machine to enhance the reliably of
producton process. Tool alignment measurement was done to determine proper alignment.
Laboratory test of the physical properties of the test material was dofirdt@any
connection to how the test material performs in press formingevaluation criterion was

made to evaluate the dimensicasd defect®f the tray.From the test result a conclusion

can be drawn on how the parameters of the press forming process affect the paperboard
material.

Based on the results thadjustmentthe paraneters of moulding machines tihe
mechanical properties of paperboard it is possible to produce high daéypassed
trays for the food packaging industry.
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Pakkausten kysynnara&vu elintarvikeeollisuudessa on herattankiinnostuksen korvata
Oljypohjaiset pakkaukset biopohjaisilla kuypkkalksilla. Biopohjainen pakkauson

ymparistoystavallinen jakestavan kehityksen mukainenvaihtoehto korvaamaan
Oljypohjaiset pakkauksetelintarvikkeiden pakkaamissa Tassa diplomitydssa oli

tavoitteena  selvittdd prassayskene parameten vaikutus ajattavuuteen ja

kuitupakkauksemuotoutuvuuteen.

TyO0ssa perehdyttiin koneiden saatoparametrelAMA ST 75 stanssi ja VP370
vuokakoneella Pienia testiajoja ajettiin, jotta pdaasisi tutustumaan koneiden
saatoparametreihin.

Kirjallisuustutkimuksessa selvitettiin kartongifysikaaligen ominaisulksien vaikutusta
vuokaprassayksessdutkimiksessa kasiteltin myds prassayksessa kartonkiin syntyvia
vikoja seka niiden syitdlisaksi tutkittin vuokakoneensaatoparametriervaikutusta
kartongin muotoutuvuuteen.

Vuokakoneelle tehtiin huoltotoimenpiteitd agattiuden parantamiseksi ja konerikkojen
minimoimiseksi Vuokakoneen tydkaluihin tehtiikohdistusmittausjotta voitiin maarittaa
oikea linjausprassin tyokaluille Testimateriaalien laboratoriomittauksien avulla pyrittiin
[oytamaan syy kartongin  reagoinnille  prassaysvoimien vaikutuksen aikana.
Arviointikriteerit kehitettiin vuoan epakohtien ja dimensioiden mittaamiseksi. Testien
tuloksista voitin paatella vuokakonen parametrien vaikutuskartonkimateriaalin
muotoutuvuuteenTulosten perusteella vuokakoneen séatdparametrit tulisi olla saadetty
kartongin ominaisuuksien mukaahdma mahdollistaa korkealaatuisten kartonkivuokien
valmistamisen elintarvikepakkaustealiigeen.
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1 INTRODUCTION

More recently, interest has arisen in the global packaging market due to market analysis of
food packaging containers increasing demand. A new market study that foresees the
packaging food container made of papend boar d i s set to rise
value at over $53bn is set to rise t0Hnby 2017 with an annual growth of 6%. Study
conducted by Smirthers Pira argues that the Chines consumption of paperboard materials
will rise by 11 % annual growtand counterbalance the stagnant or slow growth of other
nations. In total by the year 2017 the market will consume an additional 7.5 million tons of
paper and paperboard foreseen by market analfisabde, 2012) The demand igrowth

in packaging is the driving force for paper and paperboard based packaging solutions.

1.1 Background of the study

New ideas in production of paperboard based packaging materials have beenlstudied
paperboard companies and universiéied solutiorto problems that face the production of
paperboard packaging. More attention has been focused in the research of moulding
paperboard. Studies conducted in moulding of paperboard shows that by adjusting the
parameters of moulding machines to the mechapicglerties of paperboard it is possible

to produce high quality packages for the consu(weshtal, 2015) The improvement on
paperboard packaging is essential to the success of the paperboard market so that it can
compete witlplastics and other forms of packaging materials.

Paperboard companies producing raw materials for the customer should have material
know how of how their product acts when it is handled by the customer that makes the end
product. This way the paperboacdmpanies can also focus on customer relations by
improving their product properties for the customer. Also when there are complaints from
the customer that the raw material is not forming in the way it was designed the paperboard
companies can do their owtroubleshooting analysis and try and solve the problem. In
addition to product development, new materials need to be tested to be adequate for

customer needs. Research and development can open new markets.



1.2 Objective of the thesis
The first objective ofthis research is to study the factors that affect press forming
equipment. The study will consist of test patterns of the different adjustments that can be

done to the press forming machine and how those adjust affect the shape of the tray.

The secondary objective will be the testing of different grades paperboards and to find the
best machine and paperboard parameters to produce quality trays. Furthermore, two
different mixtures opetroleum basegolypropylene (PPyvascoated tohe surface of the
paperboard to see what effect these polymers will have on shaping of the tray. The reason
for testing these polymers (PP) mentioned is the possible future bge pblypropylene

as asubstitute for petroleum based FB0 andpetroeumbased PP have similar melting
points and might react the same under press forming fo8esbased PP is a greener
alternative for future packagingnother reason is that some households not having room
for alarge conventional oven but a microwaveemis smaller and faster to usean the
conventional ovenin the future, the share of reathade meals will increase due to fast

passed society and urbanisation.

1.3 Structure of the study

The structure of this thesis wowkas first focused on literature study on press forming
equipment in areas of operating the machinery and maintenance. Literature study will also
include how the physical properties of paperboard and how it is affected by pressing
process. Familiarization of how the press and @dtdiecutting machinery works is also

one stage. Before the test phase thessome preliminary tests on how theessreacts to
different adjustments. Test phase will include test material that is selected from Stora Enso
Oyj 6s product p o rwhdresun thmugh thehtraysfaming process. iTest s
runs are used to try to find the optimum machine sggtfor each material. Laboratory test
where done to find the physical properties of the paperboard. Quality of the trays is judged
by evaluation criteria and these critewaerecompared to the laboratory results to see if
there is any @annection. The comparison of unstacked and stacked tray dimemgiens

also studied to see if there is an effect on the sh&pgure 1 below shows the layout

structure of the thesis.
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Literature review

Converting processes, tray forming, packaging

A

. Maintenance of press forming equipment

Strategy & Tactics

amihianization of mould press & die cutter Ewvaluation critena plan for trays
Mamtenance of mould press Test setting for paperboard

Converting

Press forming paperboard into trays I]E,:Ia}alclrlatmr:i of trays & laboratory test of

A 4

Analysis

Figure 1. Structure of study

1.4 Requirements gbaperboarghackaging

The package has many obstacles to overcome if it is to be a successful. As a package its
task is to protect the contents that are held inside from outside contaminants or forces. The
package is part of a delivery syst&ihgoods to the consumer and so that the consumer

will get the goods undamaged. The content of the package can be anything from food to
electronics butinthis hesi s the focus is on foodstuff
view the package is algbere to entice the consumer to buy the product. Package shape
and design can be a brand symbol that the consumer is familiar with and makes the

package stand out from others. This can affect the consumers buying habit.

Consumers expect the package ¢oelasily recognized product, easy to locate, easy to use,
safe and be enticing to the eye in the way of appeaféygesund Holmen Group, 2016)

For the package to meet atquired functions must also take into consideration the cost
effectiveness of the package. The cost must be related to the packages value, image and
enduse (Emblem, 2012) Therefore each package is designed differently @ogerties

can vary with the end use for example to protect fragile electronics or to keep foodstuff
fresh.
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The process of paper converting is stepwise. The process consists of taking raw material in
this case a paper or paperboard roll and converting ditlerent machinery to get the
desired outcome. These converting processes one can create different shapes for the
market. The product examples are paper cups, folding boxboards, liquid packages and
trays that will be discussed in this thesis.

Paper cup are one of the most regularly used containers for foodstuffs. Cups are used for
frozen desserts, dairy, dry goods, ready meals and one most familiar the coffee cup. Board
machine produces the cup stock board. From there the raw material is sent foleewamp
extrusion coating where the paperboard will get a coating of plastic one side or both sides
depending for what the cup will be used for. Most commonly is used polyethylene (PE)
coating that is acceptable for coffee and other Hot and cold drinksetRyglne
terephthalate (PET) that is used for oven and microwaveable packages for example ready
meals. Figure 2 below shows the basic structure of 2 sided PE coated board.

PE coating (12-14) g/m?,
Top layer (sulphate pulp)
Middle layer (sulphate pulp)

Back layer (sulphate pulp)
PE coating (15-18 g/m?)

Figure 2. Cupforma Classic 2PE (Sarin, 2012)

To beginthe process of cup forming the raw material is first printed on, some printing
methods suchlike flexo, offset rotogravure or digital. The next step after printing-is die
cutting. The methods used commonly are rotation or flatbed. After the desired pgaed

is printed and blank is made the material is ready to be formed into a cup shape.

Forming process starts with the blank paperboard being heated at the sidewall heating
section to provide a leak resistant seal. After side wall heating theiblam&pped around

the mandrel and is held in place by vacuum and the seam clamp presses down to make the
seal complete. Figure 3 below shows the principle how the moulding is wrapped around

the mandrel and seam clamp presses down.
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f
Figure 3. Blank shapingHorauf, 2015)

At the same time the bottom paper roll is fed into the bottom punching section and the
bottom part of the cup is formed and then will be mated with the cup and heat provides the

seal Figure 4 shows the bottom punching and mating.

Figure 4. Bottom punchingHOorauf, 2015)

The third step is to bend and make the seal for the bottom using a cup bottom forming tool.
Figure 4 shovhow the cup forming tool works by expanding the tools pieces, pressing and

rotating to seal the bottom to the cup wall.
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Figure 5. Bottom tool(H6rauf, 2015)

Last section is to make the-aqurl for the top rim of the cup to provide the cup rigidity- In
curl section can be a three step process that partially curls the edge of the cup at each
section. For higher the calibre of board the more steps are neededdoling. There is a
mineral oil thatis applied to the rim to provide less friction as th&umling process takes

place. Figure 6 shows how theaarling is done.

Figure 6. In-curling procesgHo6rauf, 2015)

Other techniques are ustmform cups for example different heating processes; flame and
ultrasound and there are different types of ways to mate the bottom to the cup and different
raw edge protection techniques that was not mentioned. Whatever the technique the
common thing tht all processes have is to meet the demands of a high quality cups that
are; have no leakages, high hygienic level, good performance in handling, nice appearance
and is recyclabléSarin, 2012)

Folded boxboard, (FBB) is gfe of packaging material made from paperboard that is used
as containers for various types of consumer goods. Folded boxboard starts as a sheet of
paperboard and wil|l be cut and creased fo
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paperboard thats used for FBB is that it is easily folded, permits good scorability,
creasing and groovability and has variable surface properties which affect the printing
requirementgUrmanbetova, 2001FBB is used for products such gsharmaceutical,
foodstuff, cosmetics and cigarette packaging. FBB paperboard is made of several layers to
meet the high printing surface quality and bulk demanded set by the customer.
Furthermore, the demand for purity is high for the paperboard so thatrdduct is not
affected in ways of odour or taste.

The stages of manufacturing FBB starts from packaging design where the packaging is
designed around the product to meets desired look, what will be the package shape and
where the graphics are locatamad what type of graphics will the package include. Figure 7

shows a basic folding carton blank design.

— GRAIN S—
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Figure 1

Figure 2

Figure 7. Basic folding cartorfPaperboard Packaging Council, 2Q14)
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The blanks are preut and creased by a dtatter then the blanks are placed into the feeder
of the folding and gluing. The automated machine transforms the blank into finished form
for example a box. Folder and gluer machine uses specially positiomed lhobks and
other tools to fold the box panels to the set positions while the gluing section applies
adhesive glue to preet positions on the blarBOBST, 2015)After adhesive dosage is
applied the carton is folded and cldsend then compressed and ready for filling. Figure 8

shows basics of folding carton production process.

Side seam gluing of cartons

% <
5 bo Qb (;9\0 .QQ
R\ q@ & $
o> 2 & 9 &
b & > & 3)
@ > o ® >
Q v & Q
Y Y e —
@ ey
Initial
bond
ol e g i) 3
Setting time
I >
Drying time Final
bond

Figure 8. Folding carton production proce@sirwan, 2005)

Other operations that can be pened in the process are embossing. This process can be
done simultaneously with the cutting and creasing section. The objective is to press a 2 or

3 dimensional embossing onto the paperboard.

Hot foil stamping is another process which is done toftiding box by pressing a

metallic or hologram decoration to the surface of the paperboard.

Windowing is done to paperboard packages so that the consumer can see the contents that
are inside the package. Windows are made from PET or other plastic fihaseaapplied
to the surface with adhesiykirwan, 2005)
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Liquid packaging board is a type of paperboard used to contain liquids and to keep the

contents of the package uncontaminated, lasting fresh and to maintain nateraf tae

liquid product. Paperboard also provides a solid structure and a good printable surface for
the container. There are two different basic shapes liquid packaging board come in; gable

top and brick design. There are other shapes but these twaatreommon used. Some

other designs that have been developed are; pyramid, pouch, wedge (standing pouch

design), prism and round shaj@rwan, 2005)

"
<
-

Adhesive

N7

(a) (b)
Figure 9. Brick type design (a) & gableop desig (b) (Emblem, 2012)

The liquid board blank is a similar process as folding boxboard, where the paperboard is
printed on and then the blank is cut and creased to a certain shape and ready for folding
and gluing. The main diérence is between the two are the type of internal sizing that is
applied during stock preparation staf@rwan, 2005) The liquid brick package is
designed so that the surface and edges are not exposed to the liquid smtheng is no
absorption or leakage of the liquid into the raw edge or leakage outside of the container.
Basic construction of the barrier layer used in liquid paperboard container can vary, simple
package uses a 2 sided polymer coating lined paperbodrdaane layering goes up to 6
different layers that can have aluminium layer used as a high barrier. Figure 10 shows

some examples of different layering materials used in liquid packaging.
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Figure 10. Different layering of liquidoackaging paperboafEmblem, 2012)

Fibre based liquid packaging filling lines are used to form and fill the liquid containers.
The list below are shows some examples of different types of fillings lines used.

FF (form andill)

FFS (form fill and seal)

VFFS (vertical form fill and seal)

HFFS ( horizontal form fill and seal)

FS (fill and seal)

= =4 4 -4 A -

WA (wrap around, form and seal)

The flexible packaging material comes in forms of reels or reaalye blanksFilling
machines cangrform all the steps from ramaterial into filled and finished end product.

The operation of packaging the product into a container and the package is formed as part

of the machines operation procedure. When the container is filled with foodstuff the
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package is immediately sealed and the most common type of sealing is heat sealing. VFFS
machines are used for liquid packaging such as milk, juices and soups as for HFFS
machines are used for packaging dry or solid goods such as peanuts, cakes and cookies.
The VFFS machine process steps are; film is wrapped around a real and formed over a
collar to create a bag shapes. Through a feed tube the material is fed into the package and
the packing material is crimped by heat sealing to form a solid seal. Figgt®w$ basic
operation of VFFS type machitEmblem, 2012)

Film reel

Film tracking
Funnel

Filling tube

Drawn down belt
Longitudinal sealing
Horizontal sealing
Finished bag

Figure 11. Basic operation of VFF&Emblem, 2012)

NG AN
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Sealing the package is a crucial process of the linbaahe content held inside will not

be contaminated. Adhesive sealing is used for heat sensitive materials like chocolate
packaging production. Adhesive sealing allows greater speeds in the filling line. Heat seals
are stronger than cold seals and theaathwye is it is relatively easy to pull open. The three
most common styles of seals are bead, fin and overlap, seen in figure 1Belblem,

2012)

il

(bl (cl

Figure 12. Common type of seals (a) bead, (b) bead, (cjEapblem, 2012)

There are many different types of packaging lines for different products. Still they all serve
the same purpose to package the goods and to protect. Thereeésl 40 have a cost

effective machine that produces quality packaging for the market.

1.5 Tray forming

Press forming is a highly demanding process that forms paperboard into 3 dimensional
shapes such as plates and trays. The forming process afflicts highestren the
paperboard when it is formed. Forming paperboard into trays starts with a creased and cut
blanks Then the blanks are pressed into tragdthe process can be compared to deep
drawing of metalsHeated forming tols temperatures range froh®0 230 °C. Heating
temperature of tools depends on the paperboard properties and the type of polymer coating

used. Usually the plastic coating sets the limit of the mould temperature. The basic rule to



20

finding the right temperature is to have the toolhatsas possible without scorching the
paperboard or sticking of the polymer to the moulding tools. Paperboard pressing have
t hr ee ma itmadjast;, prassune freenéhe toodlsyell time of paperboard in mould

and sufficient heat that is trdesred from the moulding tools. The main physical
properties that are required from the paperboard are diggigation, high tear strength,
hygiene, low odour and taste and good adhesion of the ptastimg(lggesund Holmen
Group, 2016) Figure 13 shows the stress points and where they affect the paperboard

during press forming.

Rebord

Allongement

Figure 13. Press forming forces and the areas that are aff¢lggdsund Holmen Group,
2016)

There are many challenging areas when press forming paperboard based trays. The deeper
the paperboard is drawn the more likely there will be tears in the corners. Corner areas are
difficult because of paperboard poor elongation as compared to plasteelongation is

not as much a serious issue with polymers than fibre based webs.

The praess of tray forming is straight forward. The paperboard blank is fed in between the
pre-heated female and male moulding tools. The male tool starts its downward press action
with first contact to the paperboard blank is the outer flange of the n@l¢éhed holds



21

down the blank to the female rim tool with gget amount of force. Then the male tool

starts to press the blank into the female mould cavity and the forming of the blank and
creasing of the corners is performed. The male tool is set forell timve a preset time

that the tool is held at the bottom usually from 0.5 to 1.0 seconds at this stage the plastic
coating of the blank softens and the creases and corners of the tray are sealed together and
the flange of the tray is flattened and forhfeeminen et al., 2013After the dwell time is

over the male tool begins to rise to its starting position and the ejector tool that is located in
the middle of the female tool pushes the formed tray out of the female mould and into a
conveyer belt and aew tray blank is fed to start the process all over again. Figure 14

shows the Press forming of tray blanks into trays.

2

W | :

Figure 14. Press forming of trayd.eminenet al., 2013)

1.5.1. Effect of cutting and creases on tray forming

Cutting and creasing paperboard tray blanks is an important processes for forming a
quality tray. Creasing rules is the tool used to make creases. The tools have thin strips of
smooth rounded metal edges that press the blank against a matrix that hestiaal id
groove that fits the crease rule. As a guideline the groove widdmmonly 1.5 times the
thickness of the paperboard and plus the width of the creasin@ioken, 2005) Figure

15 shows the dimensions of the ceasle and matrix.
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H= height of cutting tool
"O = height of creasing rule
& = width of groove
@ = width of grove
t= thickness of paperboard
0 = thickness of make ready
r=radius of curvature of the rule
tip
"O= crease depth
h= penetration (DIN)
d= distance between rule tip and

Figure 15. Dimensions of crease rule and matrix (modifigesund Holmen Group, 2016)

Properly formed creasing will affect the visual appearance of the tray. The creasing will
also have an effect on the trays compression strength and affect ttabisgabf the

flange. This can be seen especially in the case of modified atmosphere packaging where
the gas can leak out of the creases if they are poorly formed. Heat andicheellil

affect the structure of the crease even if the crease is properly made. Creases during press
forming are a way to shape and control the shape of the tray blank during press forming.
The polymer coating will then fold into the creases to creat@ratight seal at the top of

the tray(Tanninen, et al., 2015)Figure 16 shows how the creases are folded during press

forming.
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Figure 16. Crease folding during press formi(ibanninen et al., 2015)

When paperboard is subjected to the die cutting and creasing there is a permanent
deformation of the paperboard. Paperboard will endure tensile strains in forms of
elongation, compression and sheer strains within the paperboard parallel with the surface.
The paperboard will endure the greatest strains on the surface and the riverside of the
substratgLindell, 2012) Figure 17 shows the tensile forces that are applied to paperboard

during creasing.

CREASING
RULE

-~
ELONG ATION

—
COMPRESSION

Pl PAPERBOARD
't
=4

MAKE-READY

Figure 17. Tensile strains during creasifiggesund Holmen Group, 2016)



24

A proper fold is when the board delaminates in the area of the crease and the objective is
that it will form many undamaged layers only in the area of the crease while leaving the
rest of the paperboard intact. Therefore to achieve a good crease thygs sdttine die

cutter must be set to face the paperboard properties. The thicker paperboard requires a
wider rule and grove than thin paperboard. Thicker paperboard is more easily creased

because thicker paperboard withstands the stresses morgl¢asgipalo, 2008)

Crease bead
- e

Partial internal * ®
delamination of material as a Initial delamination
result of creasing

Figure 18. Delamination of creasing@i.indell, 2012)

Preparing the paperboard blanks is an important part of press forming process to achieve a
good qualy tray. The two main basic operations to ensure a desired shape of tray is
preparation of the blank and right settings for the press forming machine. Below figure 19

shows good creasing area.
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Figure 19. Problem areas creasifigggesund Holmen Group, 2016)

1.6 Maintenance of press forming equipment

The definition of maintenance is a collection of administrative, technical and managerial
work during the life cycle of a machine. The goal is to retain it in, restore it to a state of
performance so the machine functions flawlessly. The procedure isnexpia standard
(SFSEN 13306). Maintenance efficiency is an important aspect of the efficiency of the
machine and the output quantity. Therefore this means that the operator running the
machinery is able to prepare a maintenance schedule and be abtéotmpghe strategy.
Dependability of the machine will become more reliable when proper maintenance is
performed and the equipment will perform as intended and without any failure. When
technical failure occurs maintainability is the way to repair the madb proper operation
condition(KnowPap, n.d.)
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Maintenance of press forming machine is an important part of producing quality trays and
should not be neglected. Maintenance ensures that all mechanical systems and speration
are in working order at all times. In packaging machinery maintenance can also be seen as
ability to keep the machines in optimum operating order and to ensure optimum production
and quality outcome. This means naterrupted production without any umsduled
downtime of the production line. The preventive maintenance will save money and time in
the long run. Therefore a good way to do preventive maintenance is to have a check list.
The check list consists of going through main components of the pressd machinery.
Example of the general areas that should be checked is shown below for proper
maintenance of press forming machinery.
1 Pneumatic equipment
1 Lubrication equipment
1 Electrical equipment
1 General press equipment
o Safety(guards and covers)
o Switches and buttons
Condition of moulds

Cleanliness of machinery and production area

Proper operating procedures of the press forming machinery will reduce the amount of
maintenance and down time. If the machinery is not used in the way it is interrteed pa
may break or even worse. Also if maintenance is neglected this may result in poor quality
of the product and also will put the machinery at a greater chance of mechanical failure.
Therefore to ensure propeunnability of press forming equipment enmust keep
machinery in excellent working condition to produce quality trays this also will save time

and money.

1.7 Paperboard properties and the effect on moulding

Weight of paperboard is an important factor that has an effect on the properties of the
paperboard and is measured”(pd . Reducing the weight of paperboard will affect in
ways of stiffness and strength which will affect the mould ability of paperboard. From
weight and thickness one can calculate the bulk and density of the paperboard. iBensit

measured ifQX%  as for bulk it is measured t & 7'Q (KnowPap, n.d.Jhickness is an
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important parameter for the production of trays. The closer the thickness is to the set mould
clearance of the press forming machitme better quality trays will be formed. If mould
clearance is not set to the thickness the formation of creasing shape will suffer and also

wrinkles will form outside of the crease ar@aeminen et al., 2013

Tensile strength of paperboard is the greatest force acted in the direction of the surface that
the material can withstand. Best tensile strength can be accomplished with straight fibres
that have good spring properties. A single fibre will judge the maxirstrength of the
paperboard. Paperboard tensile strength lower when moisture content is too high, this
occurs when water molecules replace the fibre bonds thus lowering the tensile strength.
(Sarkkinen, 2010 Good tensile strength contributes to betterulding of the paperboard

in press forming equipment.

In the press forming process friction is borrbigtween the surfaces of the paperboard and
metal and plastic coating and metal. The surface friction is affected by heat, moisture,
speed of die and dgace roughness. The effect of heat on paperboard is minimal but the
effect of heated polymer and metal surfaitesion increases due to the fact that polymers
when heated tend to soften. If the tools are heated too much will polymer starts to stick to

the surface of the die of the press forming mack{if@nninen, 2015)

Moisture content is an important factor in moulding as the moisture effects the properties
of paperboard. Paperboard is hygroscopic material afidtryito reach the moisture
content of the surrounding environment. When moisture is absorbed into the fibres of the
paperboard the fibres will become more flexible and less stiff. Humidity up to certain level
will improve mould ability of the paperboar@ioo much moisture of the paperboard will
weaken the hydrogen bonds of the fibres and result is weakening of the strength properties.
The worst case this high humidity might result in is tearing of the tray in press forming. As
tensile strength diminishethere is an increase in elongation when moisture content is
higher. When moisture of paperboard is low and the moisture content start to rise at the
same time the tensile strength will rise to a certain point when moisture levels get too high
and have a wakening effect on the paperbodidnowPap, n.d.) Previous studies have
shown that paperboard moisture level betwe€% or relative humidity (RH) level of

60 -75% will give the best resul{&arkkinen, 2010) Moisture content is one of the most
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important factors that must be acknowledged in tray fornpiregess Paperboards too
dry and stiff it will tear and ift is too moistandsoftit will tear alsounder press forming

Figure 20 shows how moisture affects stiéfnessof papeboard
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Figure 20. Effect of moisture ompapeboardstiffness(lggesund Holmen Group, 2016)

1.7.1. Tray forming defects

Food packaging companies that use pressed paperboard as containers want to use high
speed and automated filling lines. Thatwhy the pressed paperboard must meet the
gual ity <crit e efecsid the papgetbdard pootairsen wWilll cause doroduction

and economical losses for the company.

Dimension of trays can vary as result of press formifgs can be caused by incect
setting of the press forming machine or d
defects are spring back and defection. Spring back and deflection are caused by the
materials elastic recovery to return toward to its former shape. Spring lmek leffect on

the trays side walls where the angle will change when the load of the die is released. The
way to control spring back and deflection is proper moisture content of paperboard and
heating of die toolqVishtal & Retulainen, 2012 The benefis of airconditioned machine

hall will keep the paperboard from drying. If the air is too dry in the machine hall there is
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an increase in static friction that may cause problems for the production line. A stable and

constant atmosphere has more pleasanking conditions for the workers.

Quality creases are essential for the tray to be used as food container. The creases function
Is to mould the tray into its desired shape. The creases may also present a problem if they
are poorly formed. Defective creasmay cause the package to leak and foodstuff can be
spoiled for example in modified atmosphere packaging (MAP). In order to achieve a good
seal on a filling machine the creases in the corners and flange must be even. Heat will
make the polymer softer aisgal the corner area together. Blank holding force controls the
folding of corners. Previous results stafeeminen et al., 2013hat the mould clearance

of the male and female mouddifects operation of creasesthe corners but does not affect

the flange because the rim tool flattens the flange against the female mould.

Pinholes are small hol es about 10eamgafn si
paperboard. These small holes have an effect on the leakage of tHeopagpe@nd these

small holes may reduce the shelf life of the packaged pro@watninen, et al., 2015)n

press forming trays pinholes usually occur in the die cutting of blanks, especially in the
crease area. When pinholes occur in die cutting process it is usually due to the die tool is

adjusted to move too deepdatherefore it is pressing too hard into the paperboard.

Cracks and fractures may occur when the press forming machine applies too much force to
the paperboard and the properties of the paperboard cannot withstand these forces.
Fractures usually occunithe corners areas of the tray where the most elongation is
present. When forces exceed the paperboards strength properties the fibre bonds fail and
the fibres can tear apafWishtal, 2015

Wrinkles are types of folds that occur outside of the creasa. Incorrect blank holding

force is one of the main causes for wrinkles and improper creasing design of the tray blank.
Different types of fibre layers are one factor that causes wrinkles because different types of
fibre layers react differently to théorces applied when press forminfVishtal &
Retulainen, 2012
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Blistering is where the polymer coating of the paperboard separates from the substrate due
the heating of the moisture and releasing of steam. When heat is applied to the paperboard
the moisure tries to escape in form of steam and this may causes the blisters in the
substrate. Polymer sticking to the mould occurs when the temperature of the dies exceed
the softening point of the polymer coating and will stick to the moulds. This might affect
the increased friction of the moulding process and will damage the surface of the coating

surface and pinholes may occ(iranninen, 2015

1.8 Paperboard packaging for foodstuffs

Paperboard has advantages over other materials used for food packaging, sylaksa
metals and plasticR?aperboard competitive edge environment friendlinesand it is
abundah and easy harvest resource of raw material. Paperboard ibaséa and
environmentally more favourable in ways of recyclability, light weight and
biodegradability. The paperboard package is more presenting due to its excellent
printability. Printing carbe done directly to the surface of the package and can display the
packages information and nutritional value of the content to the consumer. Paperboard can
be easily combined with other materials to improve its properties by using for example
waxes, polymars and oils. When press moulding paperboard trays polymers play an
important role in improving the characteristics of the tray to improve its gasvahd

barrier propertiegHan, 2014

1.8.1. Common polymers used in trays
Polymers are necessary for food trays because they form barrier properties for the
packages. Without polymer layer the package could not have a proper barrier. List below
shows theadvantagethat polymers have in packaging.
1 Chemical and oil resistance
Gas water barrier properties (water, steam)
Sealing
Thermal properties (heat, ovenable, microwave)
Easily moulded
Can be enhanced by colorants, fillers and active agents

Odour, teats and aroma

=4 =2 4 A4 4 -5 -2

Adds rigidity to the package
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Polyethylene (PE) is one of theost used polymers and is a synthetic resin. The
polymerization of PE is where monomers combine to make a chain of molecules called a
polymer. PE is a member of the polyolefin family and fall into categories ofdesity
(LDPE) or highdensity (HDPE) tha are usuby used in foodstuff packaging
(Encyclopaedia Britannica Inc., 2016)

Polypropylene (PP) is commonly accessible in two forms PP homopolymer and PP
copolymer. They both are used in foodstuff packaging. PP hasedum melting
temperature, low transition temperature and low density. PP is used in packages where
toughness, light weight, flexibility and heat resistance is needed. PP as PE is at first
gaseous compounds that are producedrbgking process in oil refing (Encyclopaedia
Britannica Inc., 2016)

Polyethylene terephthalate (PET) is a durable, ridged synthetic fibre that is used for tray
applications that require high heat resistance. PET material is used extensivelyeith bottl

product because it is highly transparent, light, and tough and is cost effective.

1.8.2. Types of trays

Basic food containers used for food stuffs can vary from paper plates, trays and disposable
cups where food stuff is not present for a long periodnoé.t The paperboard issually

coated with PEor waxes too keep the foodstuff from absorbing into the substrate.
(Robertson, 2006)

Microwave trays polymer @ing aresemitransparent or wholly transparent because of
the microwave radiation will be absorbed by the matelf@mblem, 2012) Non
transparent polymer coating might cause sagging or other probleaussieet will absorb
microwaves Transparent materials do not react in the microwave and the heat will be
transferred into the foodstuff. Commonly used polymers pdtberboard are PP and PET
due totheir heat resistant characteristi@®obertson, 200§
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Dualoven trays aréoodstuff packages that can withstand heat of excess 6€C2dbese
trays are usually coated with PEIraysareusually heat sealed to protect the food inside

and the trays can be frozen to keep a longer shelf life.

Modified atmosphere package® aontainers that have excellseial abilityand barrieto

keep foodstuff fresh. The package works by replacing oxygen including air with ozone,
carbon dioxide or nitrogen. Nitrogen is used to disperse other gases. Oxygen is removed
because organismseed it to survive(Ministry for Primary Industries, 2009)MAP
packages need to be perfectly formed to specification because any defect can cause leakage

that will spoil foodstuff inside.

Moulded pulp trays are made ljfferent process than press forming but have some
similarities. The raw material is pulp which can be virgin fibre or recycled paper or board.
The pulp slurry is sucked up into moulds from a slurry tank then the suction mould presses
against the transfeng mould and then the tray is sent to drying section. From there the
tray or plate is dropped into a conveyer belt to be inspected and packaged for shipping.
Moulded pulp trays can be used from variety of applications from disposable plates, egg

packagingor electronics packages.
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2 METHODS

The test procedures sap, execution and evaluation were done at Stora Enso Oyj research
and development centre located in Imatra. Machinery used at the packaging laboratory at
the R&D centre includes a press fongimachine and a flatbed etetter that were used to

form the test trays. The material was obtained from Stora Enso Oyj mills. The polymer
coating was done by Borealis Beloit extrusion and laminating pilot line. All the test
samples of paperboard whererstd in a humidity controlled cabinet where the RH is 75%

and temperature 2G

2.1. Test board materials

The test paperboard material that was used in press forming is listed below in table 1.

Tablel: Test materials

Test Strucure of substrate Top polymer Layer structure
Code & coating
Grammage (Y& &
Grammage (Xa
Material Three layer board PP130 Polymer on SUS
1 top SBS, bottom SUS, 253 surface
Material Three layer board PP130 Polymer on SBS
2 top SBS, bottom SUS, 253 surface
Material Three layer board PP%15 + PP215 Polymer on SUS
3 top SBS, bottom SUS, 253 surface
Material Three layer board PP115 + PP215 Polymer on SBS
4 top SBS, bottom SUS, 253 surface
Material Three layer SBS 190 PPX15 + PP215 | Layer of PEcoated
5 in between two SBS
190
Material| One layer SBS 90 + Three laye PP115 + PP215 | Layer of PE coated
6 SBS 190 in between SBS 90
& SBS 190

*SBS solid bleached sulphate *SUS Solid unbleached sulphate
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2.2. Borealis Beloit extrusion and laminating pilot line
The polymer coating for the test materials was done at Borealis at their coating and

laminating pilot line. Figure 2helow shows information about the pilot line.

E BOREALIS
BELOIT EXTRUSION COATING AND LAMINATING PILOT LINE
I R ]

i
—a, ||| D ||k

GENERAL WINDERS LAMINATOR EXTRUDERS TREATMENTS
Substrates: 2 Main unwind: Working width 600-830 mm Extrudes 1 and 2: oFlame treatment for
Paper and board, max reel dia 1.3 m Max. speed 1000 m/min o4 5" substrates (Aerogen)
(30 - 400 g/m?) core sizes 3" and 6” s Chill rolls: oL/D 24, compression 4.0 #Corona pre- and post-
Films 2 12 um sSecond unwind: 1) matte, 2) glossy o Qutput 450 kg/h (PE-LD) treatments (Vetaphone)
Al-foil = 9 um, for Al-foil,max dia 0.8 m  3) “mirror pocket” Extruder 3: 50zone treatment for melt
LAM = 7 um core 3" 4) “crome teflon” 025" (Sherman)
sSlitters: o Laminating unwind with carrier internal cooling #L/D 30

Station with a trim max reel dia 0.8 m system oQutput 170 kg/h (PE-LD)
removal system core 3" oScrew: “speciality polymer”

s Turret rewind, max reel Die: EBR (Peter Cloeren die)

dia 1.0 m, core 3" and 6” Feedblock: 5-layer possibility

Figure 21. Coating and laminating pilot line

2.3. Preparation of tray blanks

The die cutter KAMA TS74 is an automatic fldted die cutter that was used in this thesis

for the cutting and creasing of the blank test materials. The top tool has the cutting plate
where the cutting blades and the creasing tools are located. The hmitdras the counter

plate with a groove patter that aligns up with the top. The paperboard is placed in stacks
onto the feed table where it is transferred singularly and continuously to the creasing and
cutting faze. The ready cut and creased paperbdacé o the delivery plat form. After

the desired amount of blanks is produced the machine is stopped and the operator has to
manually strip the excess paperboard away. The die cutting machines speed and pressing
force can be adjusteBigure 22shows theKAMA TS-74 flatbed die cutter.
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Figure 22. KAMA TS-74 flatbed die cutter.

Paperboard sheets arrived in size of 690mm x 550mm and where creased and cut by the
KAMA TS-74 flatbed die cutter. The sheet where placed on to the feed table and a test run
was performed and visual inspection of the quality of the creases was made. Visual
observation of the crease depth, uniformity and quality was performed. Fbetietools

can be adjusted left to right to get the perfect groove. Possible visual defects include
cracking of the paperboard and polymer and too shallow depth of the.cFeaseut tray

blank also must detach easily enough from the sheet. After visual inspection and quality is
assured the tray blank was subjected to pinhole testing. The penetration test with blue dye
solution was used to detect any pinholéinholes where detected the -digtter would

be adjusted accordingly, this means that pressing force was reduced slightly and visual and
pinhole test where performed over until the tray blguaklity was sufficientAn example

of pinhole can be seen in appen2. Figure B shows to top and bottom die tools and their

creasepatten.
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A

Figure 23. Top and bottom diool.
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Figure 21 below shows the crease patter done by theudlitng tool to tray blank and

shows a trays moulded corner compared to the tray blank creases.

Figure 24. Tray blank creases
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2.4. Operation of mould press VPZ)
Mould press VPO is a single tool press fomg machine designed for paper/paperboard
and coated paper/paperboard. The forming tools are on about 45 degree angle and the tools
are changeable for different tray shapes. In this thesis the simple geometry trayvamuld
used to form the test tray§hepress machine allows for adjustment of heat for upper and
lower tools and cooling of upper tool. Speed of the machine can be adjusted to how many
trays per minute are produced. flyglder pressure can be adjusted by increasing the air
pressure. The presg force can be adjusted with circular metal shims that are placed on
the shaft above the male mould tool. List below shows the processing material data.

1 Dimensions blank size

o0 Max: 450mm x 400mm or @ 400mm

0 Min: 100mm x 100mm or @ 100mm
Thickness: 0.4 2.0mm
Weight: 2500 600"CQY¢
Moisture content min: approx.i710%
Mould depth max: 70mm

Max: Speed 40 strokes per minute

= =/ =42 4 4 -4

Min: speed 5 strokes per minute
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Figure 25. Mould press VPZO.

Operating the press forming machine safety is important. The operator must know the
safety aspects of the machine so no injury can occur. There is risk of pinching of fingers
between moving parts and burns if heated moulds are touched. Safe guards imeistynot

passed or alter to avoid injury to staff. Getting acquainted and good training for the

operator of the press machine is the key for a safe work atmosphere.

Starting the production of the machine the operator should check that the machines
surroundng are clean and the press machine is in operating condition, nothing is broken
and maintenance is performed on a timely schedule. List below shows the normal start up
procedure.
1 Open air valve check air pressure is at 6 bar
1 Turn on main power switch foosition 1
1 Adjust heating to test material specification temperature and push heating button
0 Heating light will go from red to green
o Wait until heating light turns off on top left corner

9 Push reset button
















































































































































