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Abstract

This diploma work is a result of a cooperation kedw the Faculty of Engineering, Lund
University (LTH) and the department of Material dn@ment, Tetra Pak Packaging Solutions
AB in Lund, Sweden. The production and tests wenmeedat Tetra Pak Limburg respectively
Lund, Autumn 2007.

Coating of large holes in a paperboard with fewthtesf pm thickness layer of low density

polyethylene (denoted LDPE) is challenging. Thedions during coating can lead to the

appearance of small holes in the LDPE membranksdchbles in plastics (denoted HiP). The
goal of this diploma work is to identify and tesiwtop view hole geometries and evaluate
the appearance of HiP located next to the edgeeoifivle.

The hole in the paperboard could be divided into $ections, inlet and outlet position, where
inlet position is the edge of the hole that mebts EDPE layer first. HiP in inlet position
could be related to the stretched LDPE layer, wHile in outlet position could be caused by
the LDPE build-up that is a consequence of lifthe paperboard during coating.

Six new test geometries were produced with conweati production machines. These,
together with circular reference holes were dividdd three theoretical groups and evaluated
separately and compared within each group.

Test results showed that the top view geometryamasfluence on HiP. It can also be proved
that the lift in the paperboard is directly propmmal to the amount of HiP in outlet position.

Surprisingly, the amount of HiP in inlet positios rieversely proportional to the lift in the

paperboard, thus a small lift corresponds to aelamgount of HiP.
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1. Introduction
1.1 Background

This diploma work is a result of cooperation betwdbhe Faculty of Engineering, Lund
University (LTH) and the department of Material &mment, Tetra Pak Packaging Solutions
AB in Lund, Sweden.

Tetra Pak is a part of Tetra Laval Group, whiclaiprivate Swedish industrial group with
headquarter in Switzerland. Together with DelLavad &idel they are three independent
organisations which all can cooperate if therenisdvantage. Together these three companies
cover almost the whole area when it comes to pedtgspackaging and distribution of all
variants of food.

Tetra Pak itself works for and with its customecs grovide preferred processing and
packaging solutions for food. It supplies hundreddifferent types of carton packaging
formats, most of them made of paperboard and lavsidepolyethylene (LDPEj.

1.2 Extrusion coating

Coating is the process in which a substance isieppn another substrate. One of the
industrial forms of coating is extrusion coating.this type of coating, a molten substance is
extruded from a die and pressed onto or into tiase of a solid object or material in a nip,
adhering to the surface and thus coating the sairfRig 1.1). The purpose of the coating
process is to combine the properties of two or sBveifferent materiald. Some of the
materials most widely used in extrusion coating gackaging industries are paperboard,
polymer film, and metal foit. Throughout this work, coating refers to a layereafrusion
coated LDPE on paperboard.

L www.tetrapak.com

? |bid

% www.specialchem4adhesives.com
* www.wikipedia.org



Substrate

Nip roller Chill roller

Fig 1.1 Extrusion coating.

Coated substrate

1.3 Problem description - Extrusion coating of paperboard with
holes

Coating of large holes (dimension >>1mm) with famth of um thickness layer of LDPE is
challenging. When applied on a smooth surface jmped, the molten and tensed LDPE
layer hardens uniformly over the surface. When iagpbver a hole, the LPDE “flows” into
the hole. At the edge of the hole on the side theets the LDPE layer first, (named inlet
position, Fig 1.2) the tensed LDPE layer loosestaxinwith the paperboard and becomes
stretched. The excess LDPE creates a build-up@ogposite edge of the hole (named outlet
position, Fig 1.2).

The conditions described above can lead to the aappee of small holes in the LDPE

membrane. The holes are called holes in plastiesagd HiP). HiP can potentially appear
along the entire surface of the LDPE membrane.akeca multi-layer material is produced,
i.e. the paperboard is coated with several laydrplastics, HiP in the middle of one

membrane is covered by another layer. The prolyah having two/several HiPs in two

respectively several layers over each other innthdti-layer structure is very low. As a

consequence, the multi-layer material can be maaleabge proof, even if there are HiPs in the
middle of the membrane.

The circumstances are opposite to the above forlbétiRted next to edge of the hole. In a
multi-layer material the layers do not attach welleach other next to the edge of the hole,
because it is difficult to assure good adhesiomveeh the layers there. As a result, a multi-
layer material with large number of HiP in diffetéayers next to the hole edge is not leakage
proof, since HiP are interconnected by tunnelshim Ibw adhesion zone. The focus of this
study is therefore on HiP next to the edge of thle bnly (Fig 1.2).



Coating direction

Inlet position

Outlet position

HiP can potentially appea
along the entire surface o
the LDPE membrane. The
focus of this study is only
on HiP next to the edge o
the hole (see dotted line).

Fig 1.2 Upper image: LDPE coated circular hole.
Lower images: microscopy side view images of tlye ed the hole. Pictures 1-5 show the
evolution of the LDPE build-up over the hole. Tloeder between inlet and outlet parts of the
hole is drawn where the build-up starts.

1.4 Objective

The goal of this diploma work was to identify amdttnew hole geometries and evaluate the
appearance of HiP located next to the edge of ¢hes In a single LDPE coating layer. Due to

three different hypotheses (Chapter 4.2), threeuggoof patterns were selected. The
geometries within each group were each others d@gposo that a clear outcome of the

hypothesis could be seen.



1.5 Focus

1.5.1 Parameters that may affect HiP

Some of the parameters that may affect HiP areepted below. This work focuses on the
importance of the top view geometry of the holeyoidther parameters are chosen to be
constant (Fig 1.3).

Material parameters \
d)

(coating layer and paper boar

LDPE viscosity
Paperboard surface
Temperature
Tension

Thickness

etc.

Extrusion coating parameters

Coating speed

LDPE flow ] Par ameter S_
Nip pressure influencing HiP
Nip and chill roller hardness

Nip- and chill roller temperature
Nip- and chill roller diameters
Airflow around the nip

etc.

Holein paperboard

Cutting residuals in the hole
Edge shape (side view)

Top view geometry /

Fig 1.3 Project focus.

1.5.2 Geometrical limitations

A circular hole is chosen as reference in this\stthe other geometries, presented later in
this work, are derived from the reference with ttwndition that at least one of their
dimensions is equal to the diameter of the referdmale. The study will not consider the
affect of nibbled edges, such as “shark teethtber saw teeth shapes.



2. Theoretical consideration

2.1 Extrusion coating at Tetra Pak

Depending on the final package’s demand, diffeleydrs are added to the packaging
material. In order to fulfil the needed propertdshe packaging material, all coating
machines used by Tetra Pak have between two andgtations of extrusion coating where a
similar technique seen in Fig 1.1 is used (Fig.2Al) through the coating machine a tension
is exerted on the paperboard with the purposeretcstit up. Without this tension the
paperboard is impossible to treat and run in thehim@ and it does not contribute with any
problem as long as the paperboard is smooth. Hawseme of Tetra Pak’s packaging
solutions demand a hole in the packaging matewiaich considerably complicates the
coating process.

Fig 2.1 Coating machine with three stations of esion coating.

5 Ponjavic Vladimir, Material Treatment, Tetra PadcRaging Solutions AB, 2008
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2.2 The tension theory

All homogeneous materials with holes behave inlaimivay when a tension is exerted on
them. Tension exerted in one direction on mategaiss rise to forces around the Ho(Eig
2.1). If the material is thin or the forces areygrit makes the material dented around the hole
in a direction perpendicular to the direction afdi®n.

D —>
<« —>
D P —>
tension < \\ > tension
<+ —>
A
<+ —>
<« —>

Fig 2.2 Forces arising around the hole when theariat is under tension.

In this study the substrate material is paperbaard tension is exerted by the coating
machine. Theoretically, the edge of the paper behadild rise in positions a and b because of
the tension.

6 Sundstrom, BHandbok och formelsamling i Hallfasthetslara, thirdition.Fingraf, Sodertalje. 1999.
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3. Methodology
3.1 Qualitative and quantitative method

This diploma work is a scientific project with aewkof a scientific valid result. For the
methodical approach to receive comprehension obtitgect, a qualitative method has been
used. Any person that had some kind of relatiothtosubject and the problem was invited
one by one for in-depth interviews and discussions.

As the diploma work progressed, so was also théadetal approach. The second part of the

project was distinguished by the quantitative mdth®amples from the test roll, further
presented in Chapter 3.7, was taken in a large anand evaluated as a statistic reSult.

3.2 The inductive and deductive method

Traditionally the scientific approach could be deitier by inductive or deductive method.
The inductive method represents an open-minded afahinking, where data is collected
without any underlying theories in mind — the theswill be formed soon enough, anyhow.
When deductive method is used, hypotheses are ¢omuee or less in the beginning of the
project, and then tested in the following studyindshis single method would result in a very
nonflexible study, which make me believe that atom of those two methods would be
advantageous. This golden middle course is caltction, and this is also the chosen
method used in this diploma wotk.

3.3 Comparison

Comparison is a very common method within rese&rdtis method gives a relative result
due to all included variables. The basic requiread@ions are as follow:

a) The system needs to be comparable. That is tealaygmpared variables should only
differ to each other in the specific area thatvialeated.

b) Units that are used are possible to compare.
c) A decision about what is worth to compare is magfere the comparison.
d) The same measurements are used throughout the wdrafgarison.

e) Similarity as well as differences shall be desatibe

" www.wikipedia.org

® |bid

° Wallén, G.Vetenskapsteori och forskningsmetodik, seconcbedsitudentlitteratur, Lund. 1996
10 Alvesson, MTolkning och reflektionStudentlitteratur, Lund. 1994

11 Ejvegard, RVetenskaplig metod, third editioBtudentlitteratur, Lund. 2003

12



This diploma work is built up by comparison. Of lgiglifferent holes hole geometries, two of
those are reference holes. | will use the same uneaents, and the same techniques for each
hole throughout the study.

Due to three different hypotheses, more profoupdsented in Chapter 4.2, three groups of
patterns with two new test geometries in each gragpe selected. The two new test

geometries within each group were deliberately anether's opposite, so that a clear

outcome of the hypothesis could be seen. An impbdapect was to select geometries that
easily could be related to the circular referenckehAs a result of this, all test geometries

have in common that at least one dimension is gquhke reference hole.

3.4 Reliability and validity

Every technique that is chosen to be used showl@yal contain a good reliability and
validity.'? Since it is often the scientist that designs thsuring instrument, there is a risk
that the reliability could be pretty low. A methélle this used in this diploma work is the
HiP detection method. For that reason a HiP detedist has been done twice, independent
of each other. If a large difference between the tesults is noticed, there is a risk that the
method is non reliability. However, the HiP detentmethod used in this study proved to be
reliable.

3.5 Research tools

3.5.1 Literature studies

This diploma work is a basic study. Therefore, norpreport was available at Tetra Pak or
found in general literature.

3.5.2 Oral- and written communication

Where there is a need to understand an opinioratar itl is common to use the method of
interviewing or questionnairé.Interviewing gives the possibility to get a moretalled
answer than a questionnaire could do. Therebyvieteing qualified employees at Tetra Pak
was essential when a detailed input was needed. bBs&e information required in this
diploma work is thus based on their knowledge.

In the very beginning of this diploma work peopleresinvited to an idea generation to bring
possible solutions to contribution to this work mdix). Individuals with different kind of
backgrounds got the same need. The purpose waallgdin give as little information as
possible so the person could stay open-minded.idd®e generation session resulted in many
interesting propositions and creative ideas. Sofrthem were also put into practice in this
work.

2 Ejvegard, RVetenskaplig metod, third editioBtudentlitteratur, Lund. 2003
13 i
Ibid
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3.6 Diploma work plan

The plan of the diploma work (Fig 3.1) and the stinee of the written report (Fig 3.2) are
presented below. The plan was used as a guiddtirmighout the project, with certain
unexpected changes.

Theoretical
considerations

A 4
Pattern Scouting

5 weeks

A 4

Selection of
geometries

A 4

Production of
test samples

10 weeks

Evaluation of test material
Detection of HiP, measuremer
of the raising edge

—

\ 4
Result evaluation

15 weeks

Report writing
Presentation preparation

20 weeks

Fig 3.1 Main activities and the timeframe of thpldma work.
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INTRODUCTION \

— — — —— -

THEORETICAL
CONSIDERATIONS

I
|
METHODOLOGY
|
|

v

EMPIRICAL INPUT
|

RESULTS /

Fig 3.2 Workflow of report writing.

lq—

3.7 Production of test samples

The test samples, different hole geometries coategth LDPE, were produced with
conventional production machines. In order to aghigood flexibility in hole geometries and
good hole edge quality, the holes in the paperbwame produced with laser. As laser was
used for practical reasons only, this diploma watk not contain any further information
concerning laser techniques.

The thickness of the paperboard was ~0.4 mm andta®0m long. The paperboard was
coated in Limburg with several layers of LDPE im@rto simulate production of packaging
containers produced by Tetra Pak. The layers vedee $eparated, and only the inner layers at
each side of the paperboard were kept intact. fitokriess of the studied LDPE layer was
~0,025 mm. The role of the other LDPE layer wasdweer HiP in the middle of the hole and
by this making the detection of HiP around the edfgthe hole easier and reliable. All other
parameters, related to the materials and the apptiocess, were kept constant.

The width of the paperboard roll that was usednis diploma work measured ~1m. To assure

that large web width has no influence on the resto reference holes were placed at both
edges of the workspace. The distribution of thefaver the paperboard roll is shown later.

15



3.8 Evaluation of test material

3.8.1 The raised edge

High speed photography was used to capture thed@dge caused by forces acting around
the hole (Fig2.1). With this method it is hard &t gn exact measure of the raised edge, since
the quality of the photo depends on the angle astarite from the camera to the material.
Below, two pictures taken with a high speed cansti@av the difference between a hole with
a large raised edge and a hole with a relativebdgmntact to the nip roller (Fig3.3).

Fig 3.3 Representative images taken with high spaetera.
Left: large raised edge. Right: Low raised edge.

To obtain a result possible to measure and evaltleeDPE build-up in the outlet position
of the hole was used as a measure for raised @tlgerelation between the LDPE build-up
and the raised edge is presented in Chapter 4.&¢. eéKact height of the build-up was
measured from side-view microscopy images. The @ragere taken in the cross sections of
the holes where the build-up reached its maximuighteThis is usually in the middle of the
outlet position, except the hole B1 where the maxmbuild-up is slightly off (~2 mm) from
the middle of the outlet position. See Chapter #4 rfeore details on the different hole
geometries. Five samples per variant were measameldthe mean value was used in the
evaluation of HiP results.

16



3.8.2 Detection of HiP

The following test method was used for the detectibHiP:
- Red coloured isopropranol solution was spread theestudied LDPE membrane.

- The solution was kept for about three seconds enstirface. If HiP was present
around the hole edge, the solution flew throughHiife and painted the paperboard
red (Fig 3.4).

- The red marks were registered and grouped accotditigeir position. Each hole was
divided in 8 positions. HiP falling into the 3 upg®sitions were considered as HiP in
inlet position during evaluation. The 5 lower pmsis were counted as HiP in outlet
position. See Chapter 5 for details.

Fifty samples of each variant were tested and ewadl In order to verify the test method and
validate the results, an additional 25 samplesachevariant were tested. The results were
corresponding, and the method proved to be relidlile results presented in this work are
based on the evaluation of all 75 samples.

Fig 3.4 Positive HiP sample.

17



4. Empirical input

4.1 The raised edge

Theoretically, the tensions exerted by the coativaghine presented in Chapter 2.1 could be
seen all over the coating machine. However, itxjgeeted that the tensions which affect the
hole increase around the nip, and accordingly rdiseedges of the hole, both in inlet and
outlet position (Fig 4.1). This is also what higheed photography reveals: the edge of the
hole is raised over the nip roller just before liode enters the nip (Fig 4.2).

<+ <
< |
Outlet | Inlet

<._
Tension from  <«— Tension from
coating machine «— coating machine

<_

«— «—

~_ | Coating direction

Fig 4.1 Forces caused of the tension from coatiaghime are acting on the
material next to the hole. Forces perpendiculatite tension are formed in areas
marked with red colour, and this is the reasoth raised edge in these positions.

Fig 4.2 The raised hole edge captured by high spaedkra.
Below, simplified pictures present what presumdialppens during coating in the nip when

simulating the raised edge (Fig 4.3). The pictstesw that the raised edge is directly related
to the build-up presented in Chapter 1.2.

18



Fig 4.3 The stretched LDPE is pressed to the raisad edge in the inlet position of the hole
(a). Due to the raised edge in the outlet positibe, paperboard meets the LDPE layer in an
angle (b) and the LDPE build-up is formed (c). Aveindicate material movement
(paperboard respectively coating material LDPE).

4.2 Three groups of patterns

Due to three different hypotheses with the purgossfect HiP, three groups of patterns were
created.

4.2.1 Group A — the hypothesis of tensions

As mentioned in Chapter 2.2, the force acting adoilve edge of the holgig 2.2) depends
on the dimension of the hole perpendicular to timection of tension. Based on this, it is
expected that an elliptic hole with its long ax@rging in the direction of tension will raise
less than a circular hole. It is then expected ftbentheory that the inlet and outlet edges of
A2 are going to raise less than those of referbote and Al.(Fig 4.4)

CD i

1

Reference hole Al A2

Fig 4.4 Group A
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4.2.2 Group B — Change of geometry in outlet positi  on

The geometries in this group have a different geépme the outlet position, where the LDPE
build-up is present. It is expected that HiP vavigt the LDPE build-up. (Fig 4.5)

CD

1

Reference hole Bl B2

Fig 4.5 Group B

4.2.3 Group C — The shovel hypothesis

A common solution from the participants of the idgeneration for forcing the hole edge

down on the nip roller during coating, was to idioe a concave arc into the hole. This was
later called shovel. As an outcome of this showgdadthesis, two shovel geometries were
tested. It is expected that the shovel will foree hole edge down to the nip roller, and as a
result the LDPE build-up will be smaller in C1 thianthe reference sample. C2 is the mirror
image of C1 with the shovel in the inlet positiiig 4.6)

CD . .
C1 Cc2

Fig 4.6 Group C

Reference hole

20



4.3 Production scheme

The production scheme showing how the geometries distributed over the paperboard roll
during production is presented below. (Fig 4.7) rAentioned in Chapter 3, two circular
reference holes were produced.

Coating
direction

C2 B2 A2 Ref
Ref C1 Bl Al

Fig 4.7 Production scheme.

21



5. Results and discussion

In Chapters 1 and 2 the probable causes for Hierg&an in inlet and outlet positions of the
hole are introduced. HiP in inlet position couldreéated to the stretched LDPE layer, while
HiP in outlet position could be caused by the LDRHEd-up (Fig 4.3). Therefore, it is of
great interest to evaluate the results in eachiposiUnfortunately there are no test methods
suitable for measuring the stretched LDPE layaheinlet position. That is why HiP in the
inlet position is not investigated in function bktstretched membrane.

For better understanding, the results are preseefearately for the theoretical groups created

in Chapter 4. First of all, the total amount of Hd? each geometry is presented; secondly,
HiP in inlet position; and finally, HiP in outlebpition is discussed.

5.1 Total HIP

Test result show that HiP is a common defect; ctos#00% of all coated holes have HiP.
The total amount of HiP for each geometry is premgmelow (Fig 5.1). The color grading
shows the probability of finding HiP in each pamiti The results show a large HiP variation

with hole geometry. For white fields, no HiP hasibéound on 75 samples.

O O
O O O

10
25
o Coating
direction
75
90
100

Fig 5.1 Rate of HiP for each geometry.
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Group A

250

a
I
B 200 -
o
'_
150
Ref Al A2
Group B
250 ~
a
I
IS 200 -
o
'_
150
Ref Bl B2
Group C
250 -
a
I
T 200 -
(o]
|_
150

Ref C1 Cc2

@ (] @

Fig 5.2 Total HiP from 75 samples per geometry.
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Generally it is seen that the geometry does affectotal HiP rate. The three geometries with
smallest amount of HiP are A2, B1 and the referdrade, where A2 and B1 are prominently
better than the reference. These two geometriddgl @so be seen as similar, as these are the
only ones with a long and narrow shape in coatingction.

What is more surprisingly, A1 has only a margindilgher rate of HiP than the reference.
The difference between Al and the reference hokeexpected to be larger. Here it could be
discussed whether the dimension of the referent®viaith this particular choice of material
composition has reached its upper limit of raisegee

Changes of geometry in inlet position do not seenaftect the total HiP (Fig 5.2 C2).

Contrary, changes in outlet position seem to affeetrate of total HiP remarkable (Fig 5.2
B1;B2;C1)

24



5.2 HiP in inlet position
The total amount of HiP in inlet position for eaggometry is presented below.

Group A
160
[
I
= 110
2
60
Ref Al A2
Group B
160
Q
I
= 110 4
8
60
Ref Bl B2
Group C
160 4
a
T
= 110 4
S
60

Ref C1 Cc2

(] @ @

Fig 5.3 HiP in inlet position from 75 samples othajeometry.
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It is clear that the geometry of the hole doescafidiP in inlet position. Variations of
geometry in outlet position seem to affect the amdad HiP in inlet position
(Fig 5.3 Group B).

As C2 has similar rate of HiP compared to the exfee hole. Contrary, shovel in outlet
position in C1 increases HiP in the inlet positidhe conclusion can be taken that the shovel
in inlet position does not affect HiP in the vemee position. However, the geometry in
outlet position appears to have an importance Birlinlet position.

26



5.3 HiP in outlet position
The total amount of HiP in outlet position for eayggometry is presented below.

Group A
130 -
o
I
= 80 1
k]
'_
30
Ref Al A2
Group B
130 1
o
I
= 80 1
IS
30
Ref B1 B2
Group C
130 1
. ‘\/o
I
= 80
ks]
'_
30

Ref C1 Cc2

(] ] @

Fig 5.4 HiP in outlet position from 75 samples a€le geometry.

27



It is an obvious fact that the geometry of the hides affect HiP in outlet position. A2 and
B1 have geometries that lead to a remarkable reatuof HiP in outlet position compared to
the rest of the geometries. It also seems likeamgh of the hole geometry in inlet position
does not affect the rate of HiP in outlet posit{big 5.4 C2).

28



5.4 Raised edge
The largest build-ups in outlet positions are pnésa below.

Group A oss;

|

o
N
3

Build-up height (mm)
o
N

0,15 -

0,1

Ref Al A2

Group B o35y

0,31
0,25 -

0,24

Build-up height (mm)

0,15 -

0,1

Ref B1 B2

Group C  oss,
0,31
0,25 -

0,2

Build-up height (mm)

01
Ref C1 Cc2

(] (] ()

TheFig 5.5 Mean value of LDPE build-up in outlet pamsit
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LDPE build-up is the smallest for C1, B1, and A2néng these could the decrease of build-
up in geometry A2 easily be explained referrechtotension theory presented in Chapter 2.1.
From the result with the decrease of build-up feomgetries B1 and C1, the conclusion is that
the special hole geometry in outlet position inskngeometries leads to a smaller build-up.

The difference between the reference hole andayiad ellipse, Al, is not as remarkable as
foreseen. This could be a design fault made becatisee limitations of the dimensions,

mentioned in Chapter 4.2. This contributes to allemgeometric difference between the
laying ellipse Al and the reference hole, thandtierence between A2 and the reference
hole in the critical area marked in Fig 5.6.

CD
X 1 X 0,8 X

A
A 4
A
Y
A
A 4

Fig 5.6. Geometric differences in critical area.
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5.5 HiP vs. LDPE Build-up

The comparison between HiP and the build-up isgoresi below.

HiP IN OUTLET POSITION vs. BUILD-UP

HiP IN INLET POSITION vs. BUILD-UP
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Fig 5.7 Comparison between HiP and LDPE build-up.
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The build-up height does have an influence on theumt of HiP in outlet position. A small
build-up leads to a low rate of HiL in outlet pasit. Opposite, a large build-up leads to a
high rate of HiL in outlet position.

Surprisingly, the build-up height also has an ieflae on the amount of HiP in inlet position,
thus a small build-up leads to a high rate of Hilinlet position.Opposite, a large build-up
leads to a low rate of HiL in inlet position.

32



6. Conclusions

6.1 Findings

The results show that the geometry of the hole ha paperboard does influence the
appearance of HiP in the following ways:

- Hole geometry influences HiP.

- The geometries that give a small LDPE build-up utlet position, i.e. relatively low
lift of the paperboard edge, gives a high rate f i inlet position and a low rate of
HiP in outlet position.

- Opposite to the above, a large LDPE build-up idetydosition, i.e. relatively high lift
of the paperboard edge, gives a low rate of Hiihlet - position and a high rate of
HiP in outlet position.

RATE OF HiP IN
OUTLET POSITION

RATE OF HiP IN

TOTAL RATE OF HiP INLET POSITION

Geometry |Rate of HiP Geometry |Rate of HiP Geometry |Rate of HiP
A2 87% Al 90% B1 29%
Bl 87% Ref 100% A2 43%
Ref 100% c2 121% C1 79%

Fig 6.2 Images of A1, A2, B1 and reference.
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Fig 6.1 Top three of geometries in each test grdine percentages
show the rates of HiP in each geometry relativel/ ieference sample.



6.2 Future study

Depending on Tetra Pak’s interest for the reshig diploma work can be seen as a platform
to further investigations. There are plenty of &iént ways to evaluate the geometries before
they are totally confirmed as packaging solutiorhétier Tetra Pak wish to continue the
evaluation of the total rate of HiP, or if they feneto concentrate their research on inlet or
outlet position, the top three geometries couldhieetested to see which one is the most suited
for the purpose.

The world of HiP is far from fully discovered. Irh@pter one, a list is showed where some of
the parameters that may affect HiP is presented (E8). Another not-yet-discovered
parameter with changes on the product itself isefcample to modify the side view edge
shape of the hole.
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Appendix
IDEA GENERATION

You are invited to this idea generation where the goal is to come up with
completely unprejudiced, new, fresh and creative ideas. The information you
will be given is deliberate concisely, as an attempt to not make you locked
up in the same old standard of thoughts.

The need

The need is to find new hole geometries (top viely)that reduce the LDPE build-up in the
outlet edge of the hole after coating, and thereblyice the number of HiPs around the edge.

Example of the LDPE build-up in the outlet position

Task

Your task of today is to generate at least threggestions of hole geometries in 15 minutes,
geometries that facilitate the coating procesauited position.

Instructions

Please draw each new geometry on a new post-it note

Do not forget to indicate the coating direction.

Write additional comments on the particular posteite.

Please do not draw geometries with nibbled conf@ursh as shark teeth.

: Coating

direction

PpPE

Example:
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