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Abstract 
 

Weld line is the most common problem found in injection moulding and 
manufacturing. The aim of this thesis is to know what and how the factors 
influence the injection moulded weld line. The factors considered are 
process parameters, selection of materials and environment.  

At first, the material composites were compounded and tensile tested to see 
their strength. Then, an experimental design was performed to observe the 
influence of process parameters. As a final test the materials obtained from 
compounding with mineral C were placed under a specific environment to 
imbibe moisture and then to see how they effect on weld line strength.  

In one of those material composites compounded, the ‘mineral A’ was used 
in a little proportion to the whole mixture. The results obtained from the 
tensile test were examined and compared with mineral B, since it is the 
general material used in present industrial application. From the comparisons 
and results it was found that strength of mineral A is relatively equal with 
respect to mineral B.  

Finally, the effects of environment on weld line were observed using the 
mineral C. Experiments carried out for the fracture failure of dogbones. The 
notches present in the samples failed at low stress at break values and the 
notched samples of mineral A and mineral B were compared in this test.  

After all tests, mineral A has been more favourable besides mineral B. Also 
‘mineral A’ can be a potential mineral for this application in the industry. 

 

 

Keywords. 

Design of experiments, Fracture mechanics, Injection moulding, Moisture 
content, Polymer composites, Weld lines. 
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Chapter 1 

1. Introduction 

This chapter gives the background to the master thesis. Tetra Pak 
Packaging Solutions AB is the company at which the work was 
carried out. At the end of this chapter one can understand the 
company, research problem of this thesis, hypothesis, the main 
contributors, and limitations of the MSc thesis. 

1.1 Tetra Pak AB 

Tetra Pak is leading food processing and packaging company. It was 
started in 1951 and since then Tetra Pak’s focus has been in 
technology and cost competence with best solutions in packaging [1].  

 

 

 

Figure 1.1. Tetra Pak AB, the company [1] 
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These are the main packages produced by Tetra Pak. The Figure 1.2 
gives a list of some of company’s packages. Tetra Pak’s package 
portfolios are from range of 65ml to 2000ml by volume shown in the 
Figure 1.2.  

 

 

 

Some of the pictures below are shown which also have motivated this 
thesis. These will provide a basic understanding of the company 
history, packages, and equipment.  

 

 

 

 

 

 

  

 

Figure 1.2. Tetra Pak’s packaging products 
portfolio from Tetra Pak website [2] 

Figure 1.4. Tetrahedron carton 
taken from “Company history”, 

Tetra Pak website [1] 

Figure 1.3. Tetrahedron packaging 
model taken from “Company 

history”, Tetra Pak website [1] 
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1.2 Aim and scope of thesis 

The aim of this master thesis is to find out how the material selection, 
process parameters and moisture content influence the weld lines in 
packages and structures by injection moulding. Thus, how they would 
affect the strength of a package. The process parameters considered in 
this thesis are melt temperature, mold temperature and injection speed 
which will be explained more in the following chapters. 

The thesis is focusing on the ‘Tetra Evero Aseptic’ or TEA package. 
This package has a plastic top and closures combined with a carton at 
the bottom as shown in the Figure 1.5. These packages are 
manufactured by special machines called as ‘A6 machines’ which are 
explained in chapter 2, under injection moulding machines. Samples 
produced for this thesis are by a general injection moulding machine. 
These samples are tested for the weld line strength from three main 
contributors and this is the predominant scope of this thesis. 

 

Figure 1.5. Tetra Evero Aseptic package [2] 

Later in the thesis, dog bones samples were taken and a hole punched 
exactly at the weld line. This shows how the created hole will weaken 
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the weld line. This is performed to understand more on how the 
compounded material responds to tensile forces. 

1.3 Problem statement and main contribution 

The main research problem is failure or breaking of the product and in 
this case experimental specimen, the dog bone sample and due to a 
weak weld line formed by a weak mineral-material combination. The 
research question emphasized here is that, which of the mineral-
material combination provides the best result among others from the 
influenced contributions. 

I hypothesize that there will be an increase in probability of strength 
in weld lines, if the melt temperature parameter is increased and thus 
a material surviving all the tests. 

The main contribution of this research paper is to come out with an 
analysis and test results for the three contributors such as selection of 
materials, process parameters, and moisture content. These three 
contributes to the research problem.   

1.4 Limitations in the work 

This MSc thesis work is mainly to understand how factors influence 
Weld lines. But one of the factors was material. To select the right 
material and compound it with a right mineral which has food 
compliance was a limitation. It was a challenge to come out with 
specific possible combination of mineral and material.  
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Chapter 2 

2. Introduction to injection moulding 

Injection moulding (IM) is a method to produce parts by injecting 
molten material into the mould or tool. This can be done by using 
thermoplastics or thermosetting polymers. Thermosetting plastics are 
also used in the process called as RTM or Resin transfer moulding.  In 
a general IM machine, the raw materials are fed into a heated barrel 
are mixed and forced into a mould cavity where it cools and solidifies 
in Figure 2.1 to a desired and set shape of the cavity. 

 

Figure 2.1. General injection moulding machine 

2.1 General injection moulding machine 

An injection moulding machine in general representation is shown in 
Figure 2.1. The plastic injection molding companies have evolved 
over the years from producing combs and buttons to producing a vast 
array of products such as bearings, closures for many industries 



15

including automotive, medical, aerospace, consumer products, toys, 
plumbing, construction, and packaging. 

In this thesis we will be discussing more on the latter part of the 
application that is the packaging. Packaging is the science, art, and 
technology of enclosing or protecting products for distribution, 
storage, sale, and use. Some intricate shaped packages are 
manufactured from special machines such as the Tetra Pak A6 
machine [3] in the figure 2.2 

2.2 Machine A6. injection-compression moulding  

The injection moulding machine that produce the ‘Tetra Evero 
Aseptic’ packages are denoted as A6 machines. This A6 filling 
machine is a cost effective machine taking less space [3] in a 
manufacturing plant compared to the traditional IM machine shown in 
figure 2.1. This machine works with a principle of both injection and 
compression of the molten polymers.  

 

Figure 2.2. A6 IM machine for ‘Tetra Evero Aseptic’ packaging [3] 
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2.3 Aseptic packaging technique  

In this process, a product for example. milk, juice etc. in package 
which has been sterilized with UHT (Ultra High Temperature) before 
content filling will have shelf life for over 6 months [4]. The packages 
resulted from this process are ‘Aseptic packages’. 

Tetra Pak’s aseptic packaging technique allows the packaging 
material to enter into a heated hydrogen peroxide bath which is called 
as gas phase technology [4]. Hydrogen peroxide is then eliminated 
from the packaging material for product filling.  

 

Figure 2.3. Aseptic packaging from Tetra Pak website under Aseptic 
solutions [4] 

2.4 Weld lines in polymer processing 

Weld lines, also commonly known as knit lines or mold lines, may be 
present in a plastic molded part depending on the parts’ geometry.  

Weld lines occur in plastic injection molded parts in the area or plane 
where two or more streams of material fuse together as the mold 
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cavity fill with material.  It is well known that weld lines create weak 
areas in the molded parts. Weld line is not a cause of any errors in 
material, machine, mold or process and are difficult to eliminate. 
They are also are inherent to the design of the component itself 
although they can be decreased with proper part design, material 
selections and processing considerations [5].  

 

Figure 2.4. Weld line in a multi-injection point cavity 
Taken from Plastic materials and Processing [6] 

 

Injection molding parts with multiple gates will almost certainly 
produce a weld line at right-angles to the line joining the two gates 
which could cause the weld lines to be exceptionally weak. 

2.5 Weld line strength ratio 

The weld line strength ratio is a strength relation between the welded 
specimen and the non-welded specimen and it can also be referred as 
the Weld line factor.  

Rw= b / a                                     ………………….….. (1) 

Where, b is the stress for the welded specimen; a, is the stress for the 
non-welded specimen. While testing the strength of the weld line of 
any plastic injection molded part, it is important that we use proper 
measurement methods. 
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Figure 2.5. Melt front and Weld line  
Taken from Bayer materials [7] 

 

2.6 Single flow front, a 

In single flow front, the flow is single sided from one end to 
another and absence of weld line. Now for weld line strength 
ratio, b is calculated by inputting values from experiments and a 
is taken as 17.65 MPa [8]. The a was taken from work carried out 
at Tetra Pak for mineral B with no weld line and these values 
obtained are for higher strain rates than the ones which is 
presented in b. The a are for indicative measures and it is 
between 90 and 97% of original material without weld line. 

Figure 2.6. SFF – Single Flow front molten polymer flows 
 from left to right (No weld line) 

Flow  
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2.7 Double flow front, b 

In double flow front, the flow is from both the sides which create a 
weld line at the center when they meet each other as shown in the 
Figure 2.7. The double flow front is a double gated injection 
moulding, which is used in this thesis. The dog bones produced in this 
thesis are of this type.

  

Flow  
Weld line 

Figure 2.7. DFF – Double Flow front molten polymer 
Flows from both sides has a weld line 
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Chapter 3 

3 Literature review 

Weld lines can occur in the plastic product when two flow fronts meet 
due to the multi-gated injection points or the obstacles in the mold. 
Weld line is a visual effect and also a threat for the strength of a 
product. Babur et al. [9] found the effects of obstacle geometries and 
injection molding parameters on weld line strength. Further to this 
they have used the finite element analysis (FEM) to validate the 
experimental results using the mold flow software insight. Wu and 
Liang found the influence of process parameters on weld line strength 
using Taguchi method for different parameter settings [10]. In this 
study they have modeled five different cross-sectional specimens and 
have also studied on the microstructures of weld lines. They were also 
simple and intuitive approach which helped this thesis on focusing 
during the parameter settings. 

More literature on the Taguchi Analysis was required for this thesis 
for performing the Design of experiments (DoE). Li et al. found the 
effects of process parameters and observed the influence of weld lines 
using Taguchi experimental design [11]. Further to this, Taguchi 
experimental method was studied also dealing with the aesthetic of 
the products. It was predominantly inclined to the reducing the effects 
of weld lines on appearances. This paper was studied to get the 
awareness of the process parameters such as melt temperature, 
injection speed and injection pressure influence on the appearance of 
weld lines.  

Kuo and Jeng [12] discussed the influence of part geometry on the 
mechanical properties such as tensile strength of the polyethylene 
polymer. They have studied the strength of specimens with and 
without weld lines. The approach was keenly used as foundation in 
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this thesis. From this paper, it is understood that the Taguchi method 
is suitable to improve the mechanical properties of injection molded 
parts. The total elimination of weld lines is not possible without 
modifying part geometry though. Kovács and Sikló [13] have studied 
this deeply and their paper has augmented base knowledge for 
analysis of weld line formation and ways to modify the finite element 
mesh for better results. In this paper the experimental validation was 
also studied. 

The thermo-rheological findings were used in this research that is a 
good base for the investigation on weakness of weld lines as given by 
Chung [14]. The term thermo-rheology refers to the deformation and 
flow of matter when its temperature is raised.  

Weld line morphology was studied by Lu et al [15]. In this paper, 
they have given the observation on how the tensile strength of the 
polymer blend is greatly influenced by the morphology of dispersed 
domain of weld line. Lie et al. [16] has studied the numerical 
simulation method for weld lines which has given this thesis a good 
revision on the computer software quantitative analysis. 

3.1 Tensile fractures in materials 

Significance and use of tensile test data was explained in this paper 
[17] and was useful to understand on how tensile properties related to 
end user performance and how to perform tensile tests. When a crack 
reaches a critical size, it will lead to fracture. Based on the paper, a 
notch is created to the specimen to initiate the crack and to observe 
tensile test failures on the weld lines. 

3.2 Weld line characteristics 

The design of a component will also influence the weld line. So the 
designer should carefully choose the best material for the application 
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which will not leave an exceptionally weak weld line in critical areas. 
If this is unavoidable the designer may want to look at adding 
additional material to strengthen the part at the flow front plane. 

Weld line strength ratio is also something essential to be noted. It is a 
strength ratio between the welded specimen to the non-welded 
specimen and it also can be called as the Weld line factor. While 
testing the integrity of the weld line of any plastic injection molded 
part, it is important that we need to look for proper testing of the 
component. As per the research articles and papers published in 
regard to weld lines. The tension test is more appropriate in 
evaluating the strength says Kilwon C et al [18]. The results shown in 
their paper were accurate and their method was used in this thesis 
because of its simplicity and accuracy. The result of presence of weld 
line, the presence of weld-lines reduces the mechanical strength and 
affects the surface appearance of the products. The strength and 
appearance is directly affected by the molecular interaction and gas 
removal at the point of melt front intersection. 

3.3 Cohesive contact and cohesive bond 

The cohesive contact is a term used to represent a virtual weld line in 
the simulation software Abaqus. The cohesive bond can be simulated 
in Abaqus. It is supposed to connect two 3D plastic geometries which 
are in contact on one side. Since the interface thickness is very small 
in our case of dogbone geometry.  

The aim of this simulation is to analyze the progressive debonding 
and also traction acting on the ligament in dependency with respect to 
the opening [20]. 

3.4 Mineral A composites and reason for selection 

There are many materials suggested and taken into consideration for 
testing as a better composite for the packages. But all other materials 
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are rare and very difficult to have a good blend. Another reason to 
select mineral A is the cost involved with other materials. The mineral 
A is less costly and easily available in most part of the world.  

After the testing and analyzing the results obtained from weld line 
tensile tests, the outcome may lead to a technology development, 
product development and finally can proceed to the next level that is 
the prototype if all the other requisites are satisfied. 

3.5 Mineral A and mineral B availability around 
the world  

Tetra Pak aims for a local sourcing instead of shipping the minerals, 
materials to respective production sites. So it is so important to look 
out for a mineral which can be cheap and sourced locally. Mineral B 
is available plenty but it is rare to find good specimens of mineral B. 
Mineral A is a form of mineral X1 consists of the mineral X2.  

 
Figure 3.1. Availability of mineral A and mineral B [26]   
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3.6 Deduction from literature survey 

The literature review was to consider the essential opinions which 
very well provided with theoretical and methodological approach to 
advance with this current thesis. Many papers were studied but few 
were taken as references with respect to their in depth research. Weld 
lines in the plastic components were a common issue within the 
injection moulding manufacturing aiming for a good quality.  All 
papers were reviewed with the need to find what is required for 
working in this thesis. 

Initially, all the scope points were reviewed to have some ideas on 
what these scopes can be aimed at and how can be completed. Kilwon 
C et al [18] mentioned about the method to find the strength in the 
weld line. His approach was using the tensile test on the injection 
moulded polymer material. Similarly, in this thesis it was tested using 
the weld line tensile testing as a method and a little but further 
moulding a dogbone material. The dogbone tool was considered for 
injection moulding polymers under this thesis work from review 
carried out from these research papers. 

The polymer blending was also an approach used in this work then 
leading to a design of experiments on different material composites. 
The design of experiments conducted was also supported on setting 
the process parameters for composite materials. It was evident from 
C.H. Wu and W.J. Liang [10] that the process parameters were most 
influential in the weld line strength. This supported the work carried 
out, a meaning and a completion under scope delivered. 

Further to this, moisture presence and fracture failure of a weld line 
were also studied and performed in this thesis. The moisture 
absorption properties were found by L. Kumosa et al [21], and their 
paper discussed only about the properties of moisture absorption on 
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polymers. This thesis also evaluated the moisture absorption influence 
on weld line strength by testing those samples under tensile tests. 
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Chapter 4 

4 Methodology and calculations 

4.1 Methods in polymer compounding 

Polymers are compounded in the machine shown in the Figure 4.1. 
The basic method used for compounding polymers is to choose a 
suitable combination of material and mineral. The basic criteria for 
selecting a mineral are that it has to be approved by FDA and should 
blend with HDPE. 

Now after finding a suitable mineral, they are then mixed into a 
combination of polymer and synthetic or natural inorganic filler. 
Fillers are employed to improve the desired properties of the polymer 
or simply reduce the cost.  

 

Figure 4.1. Compounding machine at Tetra Pak facility, Lund, 
Sweden  
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Polymer composites with improved mechanical, thermal, barrier and 
fire retardancy properties are widely used in very large quantities in a 
variety of applications. 

4.2 Testing machine and methodology 

The IM samples produced are in the shape of a dogbone as shown in 
the Figure 4.3. The measurement of tensile test is done by using 
Instron 3365 machine at Tetra Pak. A 5kN load cell was used and a 
crosshead speed of 50mm/min was used. The extension was recorded 
with a video camera. The test arrangement with a dogbone sample is 
shown in the Figure 4.2.  
 
The composition of different specimens tensile tested for various 
reasons wither it is material selection, process parameters or the 
moisture content, for example the samples from 1 to sample 6 are 
given in the Table 5.1 and the samples 7 and 8 are in the Table 7.1. 
 

 
 
 Figure 4.2. Tensile testing of dog bone shaped samples  
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Figure 4.3. Dogbone 3D isometric view  

Figure 4.4. Dogbone sample drawing and dimensions in mm 
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4.3 Climate chamber  

The climate chamber is an equipment where this experiment is 
performed providing a certain environment to any material. The 
equipment shown in the Figure 4.5 is the climate chamber. The used 
temperature in this experiment is 23° C and the relative humidity is 
95%. This is below the ambient temperature and higher percentage of 
relative humidity. The material was kept under this environment for 
two weeks.

 

 
The temperature and humidity homogeneity is essential for this 
experiment. The stability of results will be concurrent if the chamber 
is maintained properly especially the hermetically sealed interior. The 

Figure 4.5. Climate chamber at the Tetra Pak facility 
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air casing temperature control ensures that the working chamber is 
sealed off from the outside all round. 

4.4 Statistical evaluation 

Statistical evaluation was carried out on the values obtained from 
tensile tests. The reason to use a statistical approach is due to varied 
distribution of datas. The statistical evaluation graph was plotted 
using the Minitab software [27]. Statistical evaluation for all mineral 
composites like mineral A, mineral B, mineral C and notched samples 
of mineral A and mineral B were carried out in this thesis. 

4.5 Factorial design 

Processes which are influenced by various factors can be studied 
using factorial designs. The levels of every factor can be altered 
instantaneously instead of changing it one by one while conducting 
design of experiments. This enables to understand interactions with 
different factors. It is not possible to detect those interactions without 
the help of factorial design [27]. 

4.6 Full factorial designs 

The responses measured from all possible combinations in an 
experiment are referred as full factorial design. Three important terms 
are run, observation, and design. Every experiment performed is a 
‘run’. The result measured is an ‘observation’ and the whole run set is 
called as ‘design’ [27]. 

There are two dimensional and three dimensional approaches for 
designing a DOE [27]. The two dimensional approach is for two level 
factorial and three level factorial is for three dimensional approaches. 
This thesis follows the two dimensional or two factorial design 
approach. 
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4.7 Design of experiments on material composites 

To analyze results and plan an experiment better, it is important to 
follow and use an effective methodology. Design of Experiments for 
determining essential parameters is focused in various studies. Earlier 
research studies of D.O.E were based on analysis of data in a 
statistical approach [28]. But recent publications were also 
concentrating on the engineering design. There are many examples 
about strategies used for optimizing experimental designs from the 
book by Beck et al [29]. Nowadays, D.O.E methods are used as an 
experimental approach in many fields including sectors like 
marketing, service and science [30].  

4.8 Hypothesis used for the experimental design

The process parameters for the conducted experiment were checked 
under the following hypothesis, 

a b c d e                                                                         (2) 

These average mean values of the stresses are obtained from the 
design of experiments, say a,b,c,d and e which are produced under 
different temperature conditions in the moulding machine. The two 
predominant factors under the temperature were, melt temperature 
and mold temperatures. 

In this case, where the mean values are approximately equal to each 
other but, it is not sufficient to come to conclusion that the 
temperature factors used will provide a stable process with all lower 
or higher levels. 
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The above representation gives the factors and levels essential for the 
design of experiment and which also provides an understanding of 
these evaluation methods.

 

 

Nominal settings for experiment 

Sample 
nr Content Tool used 

Melt 
Temperature 

°C 

Mold 
Temperature 

°C 

5 

Mineral 
A same 

%+ 
remainin

g 
HDPE+ 
White 

pigment+ 
additive 

Dogbone weld 
line 

(L150xH19(6)xt
0,9) 

210 40 

Figure 4.6. Levels and Factors  

Table 4.1. Nominal settings for the material and mould used 
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Table 4.1 provides information of the content used under this 
experimental design and there are two factors as suggested. These 
melt temperature and mold temperature nominal settings are also used 
under the experiment where this is kept as the reference with respect 
to the other levels which obtained from the Minitab. 

Table 4.2 also provides information of levels which are obtained from 
Minitab software used for this purpose.

Under the melt temperature, the range of value is 10 and mold 
temperature has a level of 5. The exact value calculated is given 
below in a Table 4.3 which is practically used in the injection 
moulding machine. 

 

 

 

 

HDPE Processing parameters and Minitab D.O.E matrices. 

Base level 
Melt 

Temperature 
°C 

Mold 
Temperature  

°C 
Melt 

temperature 210 °C 10 -5 

Mold 
temperature 40 °C -10 -5 

Injection speed 10 ccm/s -10 5 
  10 5 

Table 4.2. Experimental design levels generated from Minitab  
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Process parameters for Injection Moulding machine 

Melt Temperature °C Mold Temperature °C 
220 35 
200 35 
200 45 
220 45 

Table 4.3. Exact values with respect to the base levels used for 
injection moulding machine 
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Chapter 5 

5 Injection Moulding of Stage I material 

composites 

5.1 Six different material composites 

The first stage injection moulding involved with six different material 
composites. The composites as mentioned is the mixtures or blending 
of two are more polymer materials together. In this master thesis, 
HDPE is the first reference material and the second reference material 
is the blended material. So such polymer blending taken under the 
first stage are +2% mineral B, +2% mineral B with 2% reduced 
additive, same %mineral B, +10 %mineral B, same %mineral A, +10 
%mineral A. The percentages of composition are indicated in the 
Table 5.1. 

Table 5.1. Polymer blending and composition percentages. 

 

Sample. 
No Content reference % of composition 

1 +2% of mineral 

+2% mineral B, Same % 
White pigment, Same % 
additive and remaining 

HDPE 

2 +2% of mineral, -2% of 
additive 

+2% mineral B, Same % 
White pigment, -2 % 

additive and remaining 
HDPE 

3 same %of mineral B Same % mineral B, Same % 
White pigment, Same % 
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additive and remaining 
HDPE 

4 +10 %of mineral B 

+10 % mineral B, Same % 
White pigment, Same % 
additive and remaining 

HDPE 

5 same %of mineral A 

Same % mineral A, Same % 
White pigment, Same % 
additive and remaining 

HDPE 

6 +10 %of mineral A 

+10 % mineral A, Same % 
White pigment, Same % 
additive and remaining 

HDPE 
  

The above table explains the percentages of the blending. This 
polymer blends was compounded at Tetra Pak AB.  

5.2 Mineral A composite compounding 

The general material used in this Tetra Pak application is mineral B. 
This thesis had a motivation to use different material and see how it 
responds to the real time scenario. The real time scenario is that the 
forces implied on the package when it is handled by a consumer. 
There was a real challenge in finding another similar material which 
can be a backup for the existing material used in the company. 

The mineral A was taken as a test material to having compounded 
using ‘Leistritz machine’ at Tetra Pak, Lund facility as shown in 
Figure 4.1 and later checked for its strength and compared it to the 
presently used compound based on mineral B. The comparison will 
tell the essential difference between the mineral A and other 
materials. It will help in understanding which is better for taking to 
the next level for technology development. 
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As mentioned in the Table 5.1, regarding the composition percentages 
of different tested materials of mineral A composite has 
predominantly HDPE and remaining affinity or additives and some 
additives like White pigment. In fact the mineral A composites have 
been sensitively used as same %and +10 %. This is because the 
mineral A was more brittle and there may be some possibility for 
breaking during the mechanical testing. 

The mechanical testing is mainly the tensile test for polymers using 
the dogbones manufactured by the injection moulding machine within 
the company. Then the dogbones separately same %and +10 % are 
tested and found out the strength of material. 

5.3 Mechanical testing and analysis. Tensile test 

results 

5.3.1 Sample 1 

In this sample 1 tensile testing, the material consisting of +2% 
mineral B, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below. The maximum stress value obtained is 17,5 MPa and the 
average mean value is 17,2 MPa. 
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Test 
Material Unit

Mean 
Value  Std Dev 

Max 
Value 

Min 
Value 

Sample 1           
 

Stress at 
Break MPa 17,2 0,21 17,5 16,9 

            
 

Strain at 
Break % 16,2 0,52 16,8 15,4 

            
 
 
The tensile stress is given in MPa and percentage of tensile strain is 
shown as x axis and y axis respectively. There are 8 total specimens 
taken and tested for tensile. The values are recorded by machine 
Instron 3365 as mentioned above. From the Figure 5.1, one can see 
the yield point in the middle of graph. The yield point is ranging 
between 8 and 9 % of strain. 

 

 
 
 

Table 5.2. Tensile test sample 1 stress, strain results 

Figure 5.1. Tensile test sample 1 stress, strain results  
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After the 9% of strain the specimen comes under the plastic region. 
Then the final stage called as the Rupture region which is basically 
the 17 % of strain occurred in the specimen. 
 

5.3.2 Sample 2 

In this sample 2 tensile testing, the material consisting of +2% 
mineral B, same % White pigment, -2 % additive and remaining high 
density polyethylene is injection moulded and examined. The graph 
against tensile stress and tensile strain is obtained and is shown 
below. The maximum stress value obtained is 17,8 MPa and the 
average mean value is 17,5 MPa. The injection moulding specimen 
under this experiment contains the composition where the additive is 
reduced to -2 %.  

 

 

Test 
Material Unit 

Mean 
Value  Std Dev 

Max 
Value 

Min 
Value 

Sample 2           
            

Stress at 
Break MPa 17,5 0,3 17,8 16,9 

            
            

Strain at 
Break % 16,0 0,45 16,8 15,4 

            

The difference between reduced additive and normal composition is 
observed here in the above table. The result from tensile testing is 
slightly higher side. The reduced additive has 17,8 MPa maximum 
value to 17,5 MPa of normal and the average mean value is also on 

Table 5.3. Tensile test sample 2 stress, strain results  



40

the higher side which is 17,5 MPa compared to 17,2 MPa of the 
normal same % additive composition. The yield point values of 8 
specimens are accumulated in a specific region at 8% strain and are 
without a large deviation in this range.

5.3.3 Sample 3 

In this sample 3 tensile testing, the material consisting of same % 
mineral B, same % White pigment, and same % additive and 
remaining high density polyethylene is injection moulded and 
examined. The graph against tensile stress and tensile strain is 
obtained and is shown below. The maximum stress value obtained is 
13,8 MPa and the average mean value is 13,5 MPa. 

  

Figure 5.2. Tensile test sample 2 stress, strain results  
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The percentage of strain result from this tensile testing is around 25,9 
as a mean value and a maximum value at 27,4 % of tensile strain. 

3.4 Sample 4 

In this sample 4 tensile testing, the material consisting of +10 % 
mineral B, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below.  

Test 
Material Unit 

Mean 
Value  Std Dev 

Max 
Value 

Min 
Value 

Sample 3           
            

Stress at 
Break MPa 13,5 0,21 13,8 13,3 

            
            

Strain at 
Break % 25,9 0,69 27,4 25,1 

            

Table 5.4. Tensile test sample 3 stress, strain results  

Figure 5.3. Tensile test sample 3 stress, strain results  
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Test 
Material Unit 

Mean 
Value  Std Dev 

Max 
Value 

Min 
Value 

Sample 4           
            

Stress at 
Break MPa 17,2 0,08 17,3 17,1 

            
            

Strain at 
Break % 7,1 0,43 7,9 6,5 

            

 
The maximum stress value obtained is 17,3 MPa and the average 
mean value is 17,2 MPa. The percentage of strain result from this 
tensile testing is around 7,1 as a mean value and a maximum value at 
7,9 % of tensile strain. This low percentage of tensile strain is because 
of the higher percentage composition of mineral B in the whole 
compounding.  

 

 

 

 

Table 5.5. Tensile test sample 4 stress, strain results  

Figure 5.4. Tensile test sample 4 stress, strain results  
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5.3.5 Sample 5 

In this sample 5 tensile testing, the material consisting of same % 
mineral A, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below. The maximum stress value obtained is 14,1 MPa and the 
average mean value is 12,7 MPa. The percentage of strain result from 
this tensile testing is around 28,8 as a mean value and a maximum 
value at 33,2 % of tensile strain.  

 

 

Test 
Material Unit 

Mean 
Value  Std Dev 

Max 
Value 

Min 
Value 

Sample 5           
            

Stress at 
Break MPa 12,7 1,07 14,1 11,4 

            
            

Strain at 
Break % 28,8 3,27 33,2 24,9 

            
 

Here the mineral A composites are used. Mineral A is added same % 
to the whole composition. The most important thing to be noted here 
is the standard deviation for the mineral A, which is 3,27 % and it is 
on the higher count compared to the other injection moulding 
compounds. 

 

Table 5.6. Tensile test sample 5 stress, strain results  
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5.3.6 Sample 6 

In this sample 6 tensile testing, the material consisting of +10 % 
mineral A, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below.  

 

 

 

Test 
Material Unit 

Mean 
Value  Std Dev

Max 
Value 

Min 
Value 

Sample 6           
            

Stress at 
Break MPa 16,7 0,12 16,9 16,6 

            
            

Strain at 
Break % 11,2 0,98 12,7 9,8 

            

Figure 5.5. Tensile test sample 5 stress, strain results  

Table 5.7. Tensile test sample 6 stress, strain results  
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The maximum stress value obtained is 16,9 MPa and the average 
mean value is 16,7 MPa. The percentage of strain result from this 
tensile testing is around 11,2 as a mean value and a maximum value at 
12,7 % of tensile strain.  

Here the mineral A composites are used. Mineral A is added +10 % to 
the whole composition and the standard deviation for the +10 
%mineral A, is 0,98 % and it is on the equal count compared to the 
other injection moulding compounds however little bit higher side 
and not much higher considering the mineral A same %composites 
used. 

 

 

5.4 Deduction from stage I injection moulding 

The Figure 5.11 shown below is the graph with six different 
compounding samples and those values as obtained from 
experiments.  

  

Figure 5.6. Tensile test sample 6 stress, strain results  
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Samples Stress at break values Standard deviation 
MPa  MPa 

1 17.2  0.21  

2 17.5 0.30 

3  13.5 0.21 

4  17.2 0.08 

5 12.7 1.07 

6  16.7 0.12 

 
The statistical evaluations for these 6 samples were presented in the 
Figure 11.1 under the results chapter 11. This stress at break values 
with standard deviation error bars are also shown in the Figure 5.8 
with the values for comparing with six samples used in this stage I 
injection moulding. 
From minitab, the statistical evaluation is carried out for both same % 
of mineral B and same % of mineral A as shown in the figure 5.7. The 
estimate for difference is 0.633 and the 95% CI for difference is (-
0.549, 1.815) where CI is confidence interval. From 95% CI, we can 
conclude that both mineral B and mineral A are statistically equal. 

Table 5.8. Stress values and standard deviation values from 
six samples  
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For +10 % of mineral B and +10 % of mineral A the estimate for 
difference is 0.500 and the 95% CI for difference is (0.3425, 0.6575) 
where CI is confidence interval. From 95% CI, we can conclude that 
in this case both mineral B and mineral A are not statistically equal. 

 

 

 

Figure 5.8. Stress: Statistical evaluation for +10 % 
mineral B and mineral A 

Figure 5.7. Stress: Statistical evaluation for same % of mineral B 
and mineral A
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Figure 5.9. Interval plot with stress values 

Figure 5.10. Interval plot with strain values 
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Chapter 6 

6 Microscopic pictures of weld line and melt flow 
on the samples 

6.1 Weld lines and flow lines  

Further to the initial studies on the composite materials, it was 
interesting to observe and study dog bone samples. For this purpose, 
normal microscope is used to see how weld line is formed when two 
flow front meet. This provides a visualization of the flow. 

 

 

 

 

 

 

 

 

 Figure 6.1. General view of dogbone with weld line blue circle 
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Figure 6.2. Microscopic view of flow line 

Flow line 

Figure 6.3. Weld lines observed in microscopic view 

Weld  line 
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6.3 Region of weld lines  

The pictures below show the region of weld lines from different 
number of samples.  Each sample has a difference in flow and weld 
lines though they have been from the same batch and same run. Some 
of the instances viewed here are potential for failure on the heavy 
usage.  

 

 

However, as we know weld lines are unavoidable while injection 
moulding. To increase the strength of the weld line, the position of 
injection point can be changed. Another way to have a strong weld 
line is to have a good mixture of the materials used in the compound. 

Figure 6.4. Region of Weld lines 
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Increasing the melt temperature and mold temperature will also help 
in the complete fusion of the molecules during injection moulding 
especially in the region of weld line. This is further explained and 
taken into consideration under the design of experiments, process 
parameters settings etc. This is described in the chapter 10. 
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Chapter 7 

7 Dogbones Injection Moulding of Stage II 

material composites 

7.1 Compounding of mineral C composites  

Under the stage II material composites, the materials considered is 
Mineral C mixtures. As did in the previous compounding, the Mineral 
C was compounded at the facility in Tetra Pak, Lund. 

The Mineral C was compounded under the scope for weld line 
strength and moisture content climate testing. As discussed in the 
introduction about the climate testing, it is one of the important tests 
which should be considered if the material is imported from 
neighboring country or from another continent. Mineral C compounds 
are denoted as sample 7 and 8 respectively.  

7.2 Characteristics of mineral C compositions in 
HDPE  

Mineral C is a mineral composed of hydrated mineral X4. Polymer 
blending taken under the second stage are same % mineral C, +10 
%mineral C refer the table 7,1 below, this clearly indicates the 
percentages in composition. 
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Sample. No % of composition 

7 Same % Mineral C, same % White pigment, same % 
additive and remaining HDPE 

8 +10 % Mineral C, same % White pigment, same % 
additive and remaining HDPE 

 

7.3 Dogbones injection moulding of mineral C  

In the first stage 6 different materials where taken and compounded in 
the Tetra Pak facility and an attempt to check also with other mineral 
composites lead to the mineral C composites. Mineral C with same 
%and +10 % of the whole composition with the remaining material 
being HDPE and additives, White pigment name.  

The main purpose of mineral C compounding is for the moisture 
presence testing which will be explained in the next chapters. The 
dogbones as shown before with the same dimensions which is L150 x 
H19 (6) x t0.9 and they are produced by injection moulding. The 
standard used is ISO 37 for the thermoplastic in determining tensile 
stress-strain properties [23]. 

7.4 Tensile test results for test composites  

7.4.1 Sample 7  

In this sample 7 tensile testing, the material consisting of same % 
mineral C, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 

Table 7.1. Polymer blending percentages. 
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below. The maximum stress value obtained is 19,5 MPa and the 
average mean value is 18,9 MPa. 

 

Test 
Material Unit 

Mean 
Value  Std Dev 

Max 
Value 

Min 
Value 

Sample 7           
            

Stress at 
Break MPa 18,9 0,3 19,5 18,6 

            
            

Strain at 
Break % 3,4 0,21 3,6 3,1 

            
 

The tensile stress is given in MPa and percentage of tensile strain is 
shown as x axis and y axis respectively. 

 
 
There are 8 total specimens taken and tested for tensile test. The 
values are recorded by machine Instron 3365 as mentioned above. 
From this below figure, one can see the yield point which is an elastic 
limit and is ranging between 3 and 4 % of strain. 
 

Table 7.2. Tensile test sample 7 stress, strain results 

Figure 7.1. Tensile test sample 7 stress, strain results 
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7.4.2 Sample 8 

In this sample 8 tensile testing, the material consisting of +10 % 
mineral C, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below. The maximum stress value obtained is 18,5 MPa and the 
average mean value is 17,9 MPa. 

 

 
The percentage of strain result from this tensile testing is around 1,5 
as a mean value and a maximum value at 1,6 % of tensile strain. This 
is very low compared to the other values obtained previously from the 
stage one composite injection moulding and testing. The statistical 
evaluation and interval plots are presented from Figures 7.3 to 7.6 and 
shows how much they differ statistically. 

Test 
Material Unit 

Mean 
Value  Std Dev

Max 
Value 

Min 
Value 

Sample 8           
            

Stress at 
Break MPa 17,9 0,36 18,5 17,4 

            
            

Strain at 
Break % 1,5 0,1 1,6 1,3 

            

Table 7.3. Tensile test sample 8 stress, strain results 
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From minitab, the statistical evaluation is carried out for both same% 
of mineral C and mineral B. The estimate for difference is 5.550 and 
the 95% CI for difference is (5.187, 5.913) where CI is confidence 
interval. From 95% CI, we can conclude that both mineral B and 
mineral C are not statistically equal. 

 

 
 

 

Figure 7.2. Tensile test sample 8 stress, strain results 

Figure 7.3. Stress: Statistical evaluation for same% 
mineral C and mineral B 
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For +10% of mineral C and mineral B and the estimate for difference 
is 0.783 and the 95% CI for difference is (0.326, 1.240) where CI is 
confidence interval. From 95% CI, we can conclude that both mineral 
B and mineral C are not statistically equal. 

 
Figure 7.4. Stress: Statistical evaluation for +10% 

mineral C and mineral B 
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Figure 7.5. Interval plot with stress values 

Figure 7.6. Interval plot with strain values 
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Chapter 8 

8 Moisture influence on IM and weld line on 
mineral C composites 

8.1 Why moisture content is influential 

Moisture content might also be one of the causes for the weakness of 
weld line. The question whether it affects the strength of a weld line, 
is the result of this test. Kumosa et al [21] studied the properties of 
moisture absorption on polymers and it is possible for raw material to 
imbibe moisture from surroundings. That is why all raw materials are 
needed to be heated before injection moulding. If there is moisture 
presence in the raw material it will probably become vapor due to 
heat in IM machine then forms as voids in the parts.  However, this 
can be avoided, providing sufficient air vents in the IM machine. The 
air vents makes these vapors formed to escape out of the tool to 
atmosphere. 

This chapter discusses about the strengths of weld line in normal and 
moisture cases, using weld line tensile testing methodology.  

8.2 Influence of moisture content in Injection 

moulding 

In manufacturing of an injection moulded part, there is lot of pre-
requisites that are to be considered and followed. Any deviation from 
the procedures, flow charts, process conditions, arrangements, can 
lead to drastic result. These results are avoided by ensuring all the 
required condition is met during the injection moulding. This chapter 
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deals with an environmental simulation thereby to understand how 
materials respond to different moisture contents.  

If the material is rare on the production site but available in sufficient 
amounts in other parts of the world. Companies import those rare 
materials from other countries and it might be also from another 
continent for the purpose of IM manufacturing. Those materials will 
be shipped across continents and transported in trucks to many 
destinations.  In this case, the material can undergo different change 
in temperatures, moisture content, change in humidity etc. This 
experiment focuses on how the weld line is influenced by adding a 
little moisture to the material. 

8.3 Injection moulding of test composites 

In this sample 9 tensile testing, the material consisting of Same % 
mineral C, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded. The aim of this stage 
in this thesis is to study, test and observe whether the moisture 
content absorbed by a material influence on the weld line after 
injection moulding. The primary focus is only on weld line and its 
strength, not a specific material or mineral. The mineral A was very 
favorable in previous tests, it was not moisture tested. The reason is 
by considering the quantity produced through compounding at Tetra 
Pak and the available time limit for thesis, further tests on mineral A 
can be performed in future works.  

The temperature used in this experiment is 23° C and a relative 
humidity of 9same %.This environment is maintained using a climate 
chamber. The graph against tensile stress and tensile strain is obtained 
and is shown below. The maximum stress value obtained is 19.1 MPa 
and the average mean value is 18.9 MPa. 
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Test 
material Unit Mean 

value Std dev  Max 
Value 

 Min 
Value 

Sample 9 
Moisture 
content      

            
Stress at 

Break MPa 18,9 0,12 19,1 18,7 
            
            

Strain at 
Break % 3,9 0,74 5,1 3,2 

            

Table 8.1 represents the standard deviation observed between the 
mineral C Same % results obtained from the previous normal test 
condition. The strain result is 0.74 % slightly higher compared to the 
0,21 % of ambient storage environment.  

8.4 Deduction from influence of moisture 
presence 

In this experiment, it is found to be that the after injection moulding. 
The stress value at break is 18.9 for moisture content material and is 
same for the normal condition.  

  

Table 8.1. Tensile test sample 9 stress, strain results  
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As a concluding thought for this experiment, the moisture present in 
the material only influence to a deviated results but the maximum 
stress capacity of material is unaltered. However, since it was just 8 
specimens taken and tested and it is concentrated on only mineral C 
same % blend to the whole mixture, it can vary if the presence of 
mineral C more in the polymer composites. As in the introduction 
mentioned about mineral C’s characteristics to blends, we know that 
it is insoluble in water. So the moisture presence in the mixture did 
not affect the material property change.  

  

Test material Unit Mean 
value 

Mean 
value Std dev Std dev 

 
Moisture 
content  Sample 9 Sample 7 Sample 9 Sample 7 

         
Stress at 

Break MPa 18,9 18,9 0,12 0,3 
            
            

Strain at 
Break % 3,4 3,9 0,74 0,21 

            

Table 8.2. Tensile test sample 7 vs sample 9 stress, strain results 
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Chapter 9 

9 Fracture failure and crack propagation on 
composites 

9.1 Fracture mechanics of composites 

The much broadened and most interesting research field comes under 
the composite materials especially for the polymer composites. In this 
thesis, most important study and design of experiments were under 
this composites or polymer blending.  

In general terminology, composites are something which is blended 
during the process called compounding, where the constituents are 
different in physical or chemical properties and produce an end result 
which characterize unique from any individual component.  

 

Figure 9.1. Stress Vs. strain curve typical Aluminium [24]  
 

These new materials maybe preferred for many reasons, for the 
tenacity, weight, and most common is the cost effectiveness 
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compared to the more traditional materials. Now this master thesis 
follows similar results such as cost effectiveness and others to blend 
HDPE with other different materials. 

However, the results that we observe from the outside research are 
most motivating; it is only possible to make it happen through many 
tests. That one typical testing procedure is the fracture failure test.  

This test is simply can be done under the tensile test for polymers 
focusing on the weld line. So a fracture can be said like a separation 
of an object under the action of stress. 

 
Figure  9.2. Representation of crank by tensile loading  
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9.2 Fracture failure test  

During initiation phase for a new product design or new material, one 
of their first concerns is to establish the harshest environment that the 
new material will undergo in service. The package is then designed to 
reduce the risk related with this "harsh case scenario." Discerning the 
harsh case circumstances requires a complete understanding of the 
package, its loading and its service environment. In injection 
moulding of Tetra Pak’s product especially this application involves a 
harsh scenario testing because it has to provide the shelf life as 
mentioned to consumers. Most essential criteria are to maintain the 
content’s usability during the given time limit. In this case, the 
considered material has to experience similar environment to provide 
the real time scenarios. However, this experiment is worse case 
condition, assuming that if the package has a crack during the 
package handling and transportation.   
 
Earlier, the dogbone samples are evaluated using different materials 
and material combinations. Measurement of tensile test is done by 
using Instron 3365 equipment with determined load of 5kN cell at a 
50 mm/min crosshead rate and the extension recorded with a video 
camera. The specimens are dog-bone shaped. 
 

 

 
Figure 9.3. Tensile test 1 - without notch 
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The separate specimens for both with notch and without notch is 
tested for tensile and to evaluate the stress difference between these 
materials. The figure below is the notched specimen on the weld line.  

The purpose of these measurements is to compare different material 
composition, Same % mineral B vs same %mineral A. The 
microscopy used is Olympus BX51. The specimens are tested with 
and without notch. The representation of notch is by a punched hole 
of 2 mm in diameter in the middle of the test area, see Figure 9.5.  

  

Figure 9.4. Tensile test 2 – notched away from weld line  

Figure 9.5. Tensile test 3 – notch on the weld line  
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9.3 Crack propagation results on weld line and 
bulk material 

9.3.1 Sample 5 without notch 

In this sample 5 tensile testing, the material consisting of Same % 
mineral A, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below. The maximum stress value obtained is 10.5 MPa and the 
average mean value is 11.4 MPa. 

Test 
material Unit Mean 

value Std dev  Max 
Value 

 Min 
Value 

Sample 5 
reference 
- no notch           

            
Stress at 

Break MPa 11,4 0,72 12,3 10,5 
            
            

Strain at 
Break % 30,25 3.10 33 32 

          

The tensile stress is given in MPa and percentage of tensile strain is 
shown as x axis and y axis respectively. There are 8 total specimens 
taken and tested for tensile. The values are recorded by same machine 
Instron 3365 as mentioned above. From this below figure, one can see 
the yield point in the middle of graph. The yield point is ranging 
between 25 and 35 % of strain. 

Table 9.1. Tensile test sample 5 – reference no notch  
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After the 35 % of strain the specimen comes under the plastic region. 
Then the final stage called as the Rupture region which is basically 
the 35 % of strain occurred in the specimen. 
 

9.3.2 Sample 5 with notch 

In this sample 5 tensile testing, the material consisting of same % 
mineral A, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below. The maximum stress value obtained is 7,7 MPa and the 
average mean value is 7,2 MPa. 

  

Figure 9.6. Tensile test sample 5 – reference no notch 
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Test 

material Unit
Mean 
value Std dev 

 Max 
Value 

 Min 
Value 

Sample 5 
with notch           

            
Stress at 

Break MPa 7,2 0,37 7,7 6,7 
            
            

Strain at 
Break % 11 7.25 24 7 

            

 

 

  

Table 9.2. Tensile test sample 5 – with notch 

Figure 9.7. Tensile test sample 5 – reference with notch 
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The percentage of strain result from this tensile testing is around 11 % 
as a mean value and a maximum value at 24 % of tensile strain. 

9.3.3 Sample 3 without notch 

In this sample 3 tensile testing, the material consisting of same % 
mineral B, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below. The maximum stress value obtained is 12.7 MPa and the 
average mean value is 12.1 MPa. 

 

 
The percentage of strain result from this tensile testing is around 24 % 
as a mean value and a maximum value at 24 % of tensile strain. 

Test 
material Unit

Mean 
value Std dev 

 Max 
Value 

 Min 
Value 

Sample 3
reference 
- no notch           

            
Stress at 

Break MPa 12,1 0,76 12,7 11,6 
            
            

Strain at 
Break % 24 0,36 24 24 

            

Table 9.3. Tensile test sample 3 – with notch 
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9.3.4 Sample 3 with notch 

In this sample 3 tensile testing, the material consisting of same % 
mineral B, same % White pigment, same % additive and remaining 
high density polyethylene is injection moulded and examined. The 
graph against tensile stress and tensile strain is obtained and is shown 
below. The maximum stress value obtained is 8.5 MPa and the 
average mean value is 8.1 MPa. 

  

Figure 9.8. Tensile test sample 3 – no notch 
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Test 

material Unit
Mean 
value Std dev 

 Max 
Value 

 Min 
Value 

Sample 3 
with notch           

             
Stress at 

Break MPa 8,1 0,5 8,5 7,8 
            
            

Strain at 
Break % 6 0,27 6 6 

            

 
The percentage of strain result from this tensile testing is around 
Same % as a mean value and a maximum value at Same % of tensile 
strain. 

 

Table 9.4. Tensile test sample 3 – with notch 

Figure 9.9. Tensile test sample 3 – with notch 
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9.4 Deduction from testing notched samples 

The stress at break values for notched samples and un-notched 
samples are shown in Figure 9.10. In notched samples both 5 and 3, 
that is same % mineral A or same % mineral B samples exhibits low 
stress at break result.  

From minitab, the statistical evaluation is carried out for both same % 
of mineral A and same % of mineral B with notches as shown in the 
figure 9.10. The estimate for difference is -1.017 and the 95% CI for 
difference is (-1.483, -0.550) where CI is confidence interval. From 
95% CI, we can conclude that both mineral B and mineral A are not 
statistically equal.  

 
Figure 9.10. Stress: Statistical evaluation for same % of mineral A  

and mineral B with notch 
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Figure 9.11. Interval plot with stress values 

Figure 9.12. Interval plot with strain values 
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Chapter 10 

10 Experiments on process parameters for 

mineral A and B  

10.1 Significance of process parameter settings 

It is mainly important to set the process window for robustness, where 
there will be good result. A process parameter is like a current status 
of process under control. The most common and of that under this 
master thesis are temperature, pressure. A small change in the process 
parameters will result in output of the product. So it needs to be 
measured and controlled. 

10.2 Setting a process parameter 

Process variables or parameters considered are melt temperature, 
mold temperature and the injection speed. These parameters are set on 
the injection moulding machine with an initial setting of melt and 
mold temperature as 210 °C and 40 °C. The injection speed is set to 
10 ccm/s.  

There are various process parameters that are important in injection 
moulding manufacturing and many can be controlled. The three 
parameters mentioned above are very essential to cause weld lines 
[10].  
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10.3 Suitable process window for above 

experimental design 

The design of experiment conducted with mineral A Same % is taken 
and the values are fed into Minitab to observe the suitable process 
window. The Table 10.4 is the summary of the mean values obtained 
from Minitab. The D.O.E (A) to D.O.E (E) is the five different 
temperature parameter used in this experimental run. 

The temperature condition shown in the table is derived from the melt 
and mold temperature used in this design. For example, 21040 
explains the melt temperature 210 °C followed by 40 °C mold 
temperature. 

 

 
The mean value corresponding to every specific run is plotted in the 
below graph for injection moulding mineral A same %. The reference 
21040 is obtained from the mineral B processing conditions.  

Evaluated process settings for mineral A Same % material 
composites  

Material 
samples 

Mean 
value 

Temperature 
condition 

Stress at Break  
(mean values) 

D.O.E (A) a 21040 13,5 
D.O.E (B) b 20035 14,05 
D.O.E (C) c 22035 13,089 
D.O.E (D) d 22045 13,107 
D.O.E (E) e 20045 13,24 

Table 10.1. Mean values for stress at break for process window 
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The Figure 10.1 represents melt temperature and mold temperature in 
x axis and y axis respectively. 

 

 

10.4 Deduction from results 

From the Figure 10.1, the interpretation is that between minimum 
temperature 200 °C and median temperature 210 °C the stress at 
break values are on the higher side. The 200 °C melt temperature and 
35 °C mold temperature has an mean stress at break value of 14,05 
MPa and the 210 °C melt temperature and 40 °C mold temperature 
has 13,5 MPa.  

So the conclusion from this experiment is, if the parameters are set 
between 200 °C to 210°C and 35°C  to 40°C, then the outcome will 
be stable and most conducive in injection moulding of mineral A. 

Figure 10.1. Suitable and stable process parameter 
graph for mineral A 10% 
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The Figure 10.2 represents melt temperature and mold temperature in 
x axis and y axis for same % of mineral B. There were three 
experiments conducted for same % mineral B and tensile tested for 
stress at break values. The mean value obtained from these three 
experiments is 12.7 MPa. The current operating process parameter for 
mineral B at Tetra Pak is 210 °C melt temperature and 40 °C mold 
temperature.  

  

Mold 
temperature 

Melt 
temperature 

Figure 10.2. Stress at break graph for same % mineral B  
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Chapter 11 

11 Results and discussion 

11.1 Discussion from results 

In this chapter, the results obtained in all the stages of injection 
moulding and discussion of these results can be found. Results 
discussed are, how the factors such as polymer blends, process 
parameters and moisture content would influence weld line.   

These questions are explained from the results obtained, in a 
chronological manner in this chapter.  

11.2 Experiments on stage I mineral A 
composites  

From Chapter 5, it is evident that the mineral A composites provide a 
potentially equivalent stress at break value on comparison. The 
comparison is done with the mineral B material. 

The mean values of stresses at break for two materials are. 

  



81

 

 

Sample 
number Content reference 

Stress at 
Break 
MPa 

3 
Same % mineral B, same % White 

pigment, same % additive and 
remaining HDPE 

13.5 

5 
Same % mineral A, same % White 

pigment, same % additive and 
remaining HDPE 

12.7 

 

The Table 5.6 in the 5th chapter shows that the maximum value of 
stress at break for sample 5 was found to be 14.1 MPa which is higher 
than that of mineral B’s stress at break value of 13.8 MPa, it is 
evident that the mineral A composites provide a potentially equivalent 
stress 

11.3 Stress I-value evaluation plot for mineral A 
and mineral B 

Statistical analysis is important when dealing with deviated values. 
The tensile test result had some deviated values. This was observed 
under material compounding with mineral A same %which had 3.27 
% standard deviation highest compared to the other experimental 
composite materials. The higher standard deviation here implies a 
greater spread of datas which has lesser central tendencies towards the 
mean value [31]. 

Table 11.1. Comparison with Mineral A and Mineral B   
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From the plot we can understand that the sample 5 which consists of 
Same % mineral A, same % White pigment, same % additive with 
remaining HDPE has a very high deviation data. The Same % mineral 
B and Same % mineral A are statistically equal from the Figure 11.1. 
The maximum and minimum values of Same % of mineral B are 13.8 
MPa and 13.3 MPa. And Same % of mineral A has 14.1 MPa and 
11.4 MPa as its maximum and minimum values. As you can see that 
the values of mineral B fall in the values of mineral A. 

 

Figure 11.1. Statistical evaluation for stress  
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Sample 
number Percentage of composition 

1 +2% mineral B, same % White pigment, same % additive 
and remaining HDPE 

2 +2% mineral B, same % White pigment, -2 % additive and 
remaining HDPE 

3 Same % mineral B, same % White pigment, same % 
additive and remaining HDPE 

4 +10 % mineral B, same % White pigment, same % 
additive and remaining HDPE 

5 Same % mineral A, same % White pigment, same % 
additive and remaining HDPE 

6 +10 % mineral A, same % White pigment, same % 
additive and remaining HDPE 

7 Same % mineral C, same % White pigment, same % 
additive and remaining HDPE 

8 +10 % mineral C, same % White pigment, same % 
additive and remaining HDPE 

9 
Same % mineral C, same % White pigment, same % 

additive and remaining HDPE but this material kept under 
climate chamber 

11.4 Strain I-value evaluation plot for stage I 

From the below plot we can observe that the sample 5 again has a 
very high deviation data. These deviations has been thoroughly 
evaluated and explained in chapter 10. The process parameters setting 
and design of experiment was carried out with an in depth analysis. 

Table 11.2. Composition percentages of samples 
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11.5 Results from weld line strength ratio  

The Table 11.3 shows the values obtained from respective weld line 
ratios.  

Table 11.3. Values obtained from respective Rw 

Sl. 
No Content reference % Values obtained  

1 Rw same% 0,76 
2 Rw +2% 0,97 
3 Rw +2% 0,99 (reduced- additive) 
4 Rw +10% 0,97 

Figure 11.2. Statistical evaluation for strain  
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Figure 11.3. Strength ratio between welded and not welded specimen 
 

 
From the graph and from the Table 11.3, it is observed that Rw value 
for the same +2 % composition of mineral B to the whole mixture is 
0.97 but with reduced additive the value is increased to 0.99.  

11.6 The stage II discussion  

From the stage II injection moulding, mineral C Same % and mineral 
C +10 % is evaluated which is the sample 7 and 8 respectively. 
Mineral C composites are used for the tensile testing of moisture 
content and the stresses at break values are shown in the Table 11.4.  

The mean values of stresses at break for two materials are. 
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Sample 
number Content reference 

Stress at 
Break 
MPa 

7 
Same % mineral C, same % White 

pigment, same % additive and 
remaining HDPE 

18.9 

8 
+10 % mineral C, same % White 

pigment, same % additive and 
remaining HDPE 

17.9 

11.7 Environmental testing  

In this environmental test, the material is kept in the climate chamber 
for two weeks. The temperature used is 23° C and the relative 
humidity is 95 %. The result from this experiment shows that there is 
no significant change of Mineral C’s stresses at break due to change 
in environment. 

The maximum and minimum values of stresses at break for two cases 
are. 

 

Sample 
number Content reference 

Maximum 
Stresses at 

Break 

Minimum 
Stresses 
at Break 

7 
Same % mineral C, same % 

White pigment, same % additive 
and remaining HDPE 

19.5 MPa 18.6 MPa 

9 

Same % mineral C, same % 
White pigment, same % additive 

and remaining HDPE but this 
material kept under climate 

chamber

19.1 MPa 18.7 MPa 

Table 11.4. Comparison with mineral C same % and mineral C +10%   

Table 11.5. Comparison with mineral C 10% and mineral C 
10% with moisture content 
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11.8 Design of experiments on process 

parameters 

From the results, the mineral A can be a potential back up material for 
this application. The material used in this Tetra Pak application is 
mineral B. If considering the high cost of mineral B, then mineral A is 
a favorable option that can be taken to the next level of technology 
development. 

From the above figure, it shows that process parameters under the 
shade provide good stress at break values. Especially, between 14.05 
MPa and 13.5 MPa.

11.9 Interpretation from fracture failure 

The goal of this experiment is to tensile test to know, how a crack 
influences the strength of weld line.  The notch is artificially created 
on some specimens to observe the strength. 

Figure 11.4. Stress comparison graph with units MPa   
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A comparison is shown in the Table 11.6. 

 

 

Sample 
number Content reference 

Stress at 
Break 
MPa 

3 

Same % mineral B, same % White 
pigment, same % additive and 

remaining HDPE (samples without 
notch)

12.1 
 

5 

Same % mineral A, same % White 
pigment, same % additive and 

remaining HDPE (samples without 
notch)

11.4 

 

If there is presence of a crack on the weld line, it might be a risk for 
the strength of the package. The Table 11.7 shows the stresses at 
break for both notched sample and sample without notch.  

 

Sample 
number Content reference 

Stress at 
Break 
MPa 

3 
Same % mineral B, same % White 

pigment, same % additive and 
remaining HDPE (samples with notch) 

8.1 

5 
Same % mineral A, same % White 

pigment, same % additive and 
remaining HDPE (samples with notch) 

7.2 

 

The Table 11.7 shows the difference between the mineral B and 
mineral A. Since mineral A materials withstands the stress 

Table 11.6. Comparison with mineral A and mineral B  
(without notch) 

Table 11.7. Comparison with mineral A and mineral B (with notch)  
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concentrations on the weld lines equivalent to mineral B. That is the 
reason why mineral A can be a potential mineral for this application. 

 

11.10 Calculations for volume % of minerals 

The densities of mineral A, mineral B & mineral C are taken from 
material datasheets [39, 40, 41] and the values are shown in the Table 
11.8. 
 
 
 

Density of Mineral A -50 kg/m3 
Density of Mineral B  same kg/m3 
Density of Mineral C same kg/m3 

 
By knowing the densities of minerals, the weight % can be interpreted 
to volume %. The weight % of minerals used is same % & +10 %. 
The SEM pictures are shown below for all three minerals.  
 
 

Figure 11.5. SEM of mineral A [34, 35] 

Table 11.8. Density of minerals [39, 40, 41] 
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The SEM of mineral A as shown in the Figure 11.5 and mineral B 
looks fairly similar but not the mineral C. The Figure 11.7 shows the 
SEM of mineral C which looks like crystalline structure which might 
take up more volume compared to other minerals such as mineral A 
and mineral B. It is explained in the Table 11.9, with the weight % 
and volume % of minerals. 

From the experiments conducted in this thesis, dogbone samples are 
produced by injection moulding. The dogbone samples’ total volume 
is 2.565 cubic centimeter. This is from the volume of dogbone 
samples, 15 cm x 0.09 cm x 1.9 cm respectively. The weight % of 
composition is used while compounding, and now since we know the 
densities of minerals we can calculate the volume % of mineral 
dispersed in the dogbone samples.  

The equations to find the volume % are given below.  

                ---------        (3) 

                 ---------        (4) 

Figure 11.6. SEM of mineral B [36,37] 
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From the above equations and experiments conducted we can 
calculate the volume % of mineral and relate it to the weight % of the 
mineral. So from the calculations we obtain for example in Table 11.9 
is interpreted as, the same weight % of Mineral A in 3.6 grams of 
dogbone sample takes up 5.19 volume % of Mineral A. Similarly for 
+10 weight % of Mineral A in 3.9 grams takes up 11.26 volume % of 
Mineral A in dogbone sample. The Table 11.9 explains for the entire 
mineral volume % with respect to its weight %. 

 

 

Weight % Mineral A 
 (Volume %) 

Mineral B 
 (Volume %) 

Mineral C 
 (Volume %) 

same % 5.19 % 5.24 % 5.38 % 

+10 % 11.26 % 11.62 % 11.90 % 

 

Figure 11.7. SEM of mineral C [38] 

Table 11.9. Volume % of minerals 
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11.11 Interpretation of volume % results and 
experimental results 

From the above Table 11.9, it can be concluded that the volume % 
values are taken to compare with other minerals and provides a 
theoretical verification. The volume % of mineral A and volume % of 
mineral B for same weight % are 5.19% and 5.24% which are fairly 
similar. So it means that both have the same volume % presence in 
the compounded specimen. The Figures 11.5 and 11.6, shows shape 
of mineral structures taken from scanning electron microscope.  

The structures of mineral A have round shaped particles which is 
same on comparing with mineral B. Whereas, the structure of mineral 
C is crystalline from the SEM figure 11.7 and it takes more volume % 
in the compounded specimen.  

 

Weight % Mineral A Mineral B Mineral C 

same % 28.8 % 25.9 % 3.4 % 

+10 % 11.2 % 7.1 % 1.5 % 

 

From the experimental data, the mineral C has a higher stress values. 
But it has very less strain % values compared to other minerals. From 
the Table 11.10, for mineral C dogbone sample is stretched only 3.4 
% of its original length before breaking and in case of Mineral A it 
has a higher 28.8 % strain.  

Hence, by comparing both volume % calculations and the 
experimental stresses, strain % results, it is also theoretically evident 

Table 11.10. Strain % values of minerals 
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that mineral A is more suitable than mineral C to be a potential 
mineral in place of mineral B. 

11.12 Comparison graph for compounded 

composites  

The values obtained from tensile testing all different compounded 
composites are shown as graph in the Figure 11.8. This provides an 
overview and comparison between different mineral-material 
combinations used in this MSc thesis. 

 

  
Figure 11.8. Stress at break comparison graph 

with all tested composites units MPa 
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Chapter 12 

12 Conclusion and recommendations 

12.1 Concluding thoughts 

In injection moulding and manufacturing, a failure occurs when a 
product is no longer able to function as intended. This has to be 
addressed by research and in this thesis the requirement was to know 
how different factors affect weld line. Though it is most common in 
an injection moulding manufacturing and aim is to give solution for a 
better product, in this case a package. 

Failures can be expensive and tragic. So the failure due to tensile 
loading was performed to solve this and it is explained in chapter 9. 
As a final consideration from every chapter, the main issue that 
addressed here is the weld line strength. It is evident that factors such 
as material selection, process parameters and moisture content 
influence the weld line strength one way or other. The results from 
chapter 5, 7, 8 and 10 conclude that, the right mineral-material blend 
will influence the strength of weld lines. Moisture presence in the raw 
material has no effects on the weld line but optimum combination of 
process parameters, shown in Figure 10.2 will influence the strength 
of weld lines. Because the lesser mold and melt temperatures used 
resulted in high stress at break values.  

The final inference from material selections is that, the ‘mineral A’ 
can be a potential mineral for this application in the industry.  
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12.2 Recommendations 

From the research that has been conducted, the proposition is to take 
mineral A to the next development processes. A further study on 
mineral A can be performed like testing different brands of mineral A 
or testing of mineral A from different sources in the world. Reducing 
the additives on mineral A-material combination can also be done. 
Because, reduction in additives provided a slight increase in the 
strength of weld line in this thesis, refer Table 2.1 and also explained 
in chapter 2. 

Also mineral A has a lesser temperature need for injection moulding, 
explained in chapter 10.8 and refer Figure 10.2. This has been proved 
by design of experiments conducted in this MSc thesis where mineral-
material combination of mineral A exhibited a higher stress at break 
values at lower temperatures. This gives a lesser energy consumption 
too. The cheap cost and easy availability will make mineral A a better 
position in the further developments. 
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Chapter 13 

13 Future works 

From this thesis, there were few things that can be used for future 
work. One of them is, mineral A composites large deviation in the 
statistical evaluation. The value range was too high compared to the 
mineral B refer Figure 11.1 and chapter 11.3. This can be further 
studied as a future work from this thesis work in ways, such as 
different brands testing, minerals testing, additives testing, etc. 

13.1 Different brands of mineral A material  

The variation in datas or values resulted from tensile tests might be 
due to many reasons. One reason is because of the improper 
dispersion of the mineral A. It can be the grade of mineral used in this 
thesis. Before jumping into a final conclusion, a future work can be 
considered by taking several grades of mineral A and performing a 
design of experiments. So by testing different brands will result in 
some more values to compare. 

13.2 Recommendation on potential minerals  

The tensile results from mineral C were also good while comparing 
with other minerals used in this MSc thesis. The Table 13.1 shows the 
comparison with minerals like mineral B and mineral A.  
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Sample 
number Content reference 

Stress at 
Break 
MPa 

3 
Same % mineral B, same % White 

pigment, same % additive and 
remaining HDPE  

12.67 

5 
Same % mineral A, same % White 

pigment, same % additive and 
remaining HDPE  

12.7 

7 
Same % mineral C, same % White 

pigment, same % additive and 
remaining HDPE 

18.9 

 

The mineral C also exhibits a better stress at break in tensile tests. I 
recommend to Tetra Pak to carry out further tests on mineral C 
performing design of experiments to set a suitable process parameter 
and also to compare the cost involved in the mineral-material 
combination. 

Other minerals like montmorillonite, kaolin can also be tested in case 
of mineral A composite. Research papers studied, reviewed under the 
literature survey gave a good outlook on these minerals too [19, 33]. 
So these minerals also can be tested in place of mineral A considering 
its availability and food compliances. 

13.3 Different additives  

Like the minerals mentioned in the above, additives also play an 
essential role in the plastic composites compounding. There was a 
little observation in the initial stages of the compounding where the 
composites with reduced additives sample 2 in chapter 5, were able to 

Table 13.1. Comparison of stress at break values 
with 10% mineral C, mineral B and mineral A 
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withstand a little more stress compared to the one which had more. So 
different brands, grades of additives can be tested for this purpose of 
future works. 

13.4 Abaqus simulation 

Another future work will be using the Abaqus simulation tools in a 
situation where it virtually exhibits a weld line. This is by using the 
method called as ‘cohesive bonding’. The simulation carries out to be 
initially first designed in the Abaqus module, a finite element analysis 
software. The specimens are modeled as a dog-bone shape. Then the 
load conditions can be loaded into the software which is identical by 
measurement in tensile test, a 5kN load cell at a crosshead speed of 50 
mm/min. This environment will provide an extension in the Abaqus 
software, which is thereby simulated and visualized.  

This experiment can be useful in obtaining the values from Abaqus 
tool and can compare with the practical and experimental values.  
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