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Abstract 

Driven by sustainability goals and regulatory pressure, the packaging industry is 

transitioning from complex multilayer structures toward mono material solutions 

that are more easily recyclable. This shift presents challenges, especially in high-

performance applications such as microwaveable ready meals, where packaging 

must endure sealing, cooking, and reheating processes without compromising safety 

or functionality. 

This thesis focuses on selecting a suitable mono material polypropylene (PP) 

lidding film for the Micvac FlexProcess™. A packaging system where food is 

sealed into a tray, cooked in-pack using microwave energy, and later reheated by 

the consumer. The lid film plays a critical role by forming a heat-sealable barrier 

that must expand under steam pressure (ballooning), maintain a vacuum after 

cooling, and allow safe, user-friendly opening. Its interaction with the tray and valve 

system is essential for pressure regulation and product integrity throughout the 

process. 

To guide evaluation, two design criteria were established: fulfilling product needs 

such as safety and usability, and meeting process requirements like thermal stability 

and controlled expansion. These were translated into four critical parameters: 

sealing performance, pressure resistance, mechanical properties, and peel ability. 

Five candidate films from three suppliers were assessed through lab and pilot-scale 

testing. Performance differences were largely influenced by seal layer design and 

peel mechanisms. A selection matrix based on the Ulrich and Eppinger method 

enabled structured comparison, identifying M22 as the most promising film, 

despite some reheating-related limitations. 

The study concludes with recommendations for further testing using real food 

products and advanced material characterization to ensure robust performance 

across the full product lifecycle. 
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1 Introduction 

This section contains the background, research questions, and project scope. 

An outline of the report is also presented. 

1.1 Background 

Sustainability has become a central focus in packaging innovation and materials, 

driven by increasing environmental awareness of consumers and stricter regulatory 

frameworks. The Packaging and Packaging Waste Regulation (PPWR), recently 

proposed by the European Commission, highlights the urgent need to transition 

toward sustainable packaging solutions. Its primary goals include minimizing 

packaging waste, increasing recyclability, and transitioning toward a circular 

economy where materials are reused rather than discarded (Ellen MacArthur 

Foundation, 2017). The PPWR seeks to reduce the environmental impact of 

packaging while ensuring that essential functions, such as food preservation and 

product safety, are not compromised (European Parliament, 2024). Among its key 

provisions, the regulation emphasizes the need to phase out non-recyclable materials 

and promote the use of packaging designs that enable easier sorting and recycling 

processes (Deloitte, 2024). This shift aligns with broader European Green Deal 

objectives, which aim for climate neutrality and sustainable resource management 

by 2050. For businesses, these changes require a proactive approach to reevaluating 

material choices and design strategies to adhere to strict compliance standards while 

maintaining competitive advantage and consumer satisfaction (European 

Commission, 2022). 

Mono material packaging, which consists of layers made predominantly from a 

single type of polymer such as polyethylene or polypropylene, offers a significant 

advantage in terms of recyclability (Rizzo et al., 2024). Because most of the layers 

share the same polymer base, these materials can be efficiently collected, sorted, 

and reprocessed using existing recycling systems (Gonçalves et al., 2024). This not 

only reduces environmental impact but also enables the production of high quality 

recycled materials, supporting the goals of a circular economy. 

In contrast, multi material packaging, typically consisting of layers of different 

polymers, provides enhanced mechanical strength and barrier performance but 
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presents significant recycling challenges due to its complex composition (Soares et 

al., 2022). The separation of these distinct layers is technically demanding and often 

not cost-effective, which commonly results in disposal through landfilling or 

incineration. Such end-of-life outcomes conflict with sustainability targets and 

hinder compliance with regulatory frameworks like the PPWR. 

Micvac, a leader in innovative packaging solutions, has consistently demonstrated 

a strong commitment to sustainability and environmental responsibility. The 

company’s unique packaging system, consisting of a tray, valve, and lid film, is 

designed to maximize food preservation while minimizing resource use (Micvac, 

2024b).  Micvac’s trays and valves are already made from a mono material, PP, 

reflecting their commitment to recyclability and circular economy principles. The 

FlexProcess™, central to Micvac’s operations, was adapted to accommodate mono 

material components without compromising essential benefits such as efficient 

vacuum sealing, food safety, and extended shelf life.  

Despite notable progress, the transition to a fully mono material packaging system 

at Micvac is not yet complete. While efforts to optimize the polypropylene (PP) 

valve are ongoing, the multilayer lid film remains the final component to be 

replaced. As is common with complex packaging solutions, achieving full 

recyclability presents technical challenges. The lid film must provide good barrier 

properties and mechanical durability while integrating seamlessly into the 

FlexProcess™, yet its current multilayer composition hinders recyclability. 

Micvac’s ongoing work to develop a mono material alternative for this component 

reflects a broader industry movement toward balancing functional and economic 

requirements with environmental responsibility. With growing regulatory pressure 

from frameworks such as the PPWR, Micvac’s progress demonstrates how 

manufacturers are rethinking material strategies to improve compliance, reduce 

waste, and support a circular packaging economy. Completing this transition would 

further position the company as a leader in sustainable innovation within the ready-

meal sector. 

1.2 Purpose and Research Questions 

1.2.1 Purpose 

The purpose of this master thesis is to identify and validate a suitable mono 

material polypropylene (PP) lid film for use in the Micvac FlexProcess™ 

packaging system. By establishing design criteria, evaluating critical parameters, 

and characterizing available materials, this research aims to develop a systematic 
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selection process that ensures the chosen PP film meets functional, sustainability, 

and economic requirements. 

1.2.2 Research Questions 

To achieve the aim of this thesis, the following research questions were formulated: 

1. What are the essential design criteria for a mono material PP film in the 

Micvac FlexProcess™ package? 

2. What critical parameters must be considered to validate the performance of 

the new lid film? 

3. How do the available PP films compare in terms of the critical parameters? 

4. What methodology can be used to develop a selection matrix for identifying 

the most suitable PP film? 

1.3 Scope  

This thesis focuses on the selection and validation of a mono material lidding film 

for the Micvac FlexProcess™ packaging system. Polypropylene (PP) has already 

been selected based on previous suitability and exploratory studies done by the 

company and will not be modified. The tests are limited to a single tray shape and 

capacity to ensure consistency in testing and evaluation.  

Additionally, this thesis does not include the validation of the Micvac valve, as it is 

part of an ongoing development process. All analyses will be performed using the 

current PP valve of the FlexProcess™ to ensure consistency in testing. 

On the other hand, since different clients use various recipes, the validation process 

will not be conducted on a specific food matrix. Instead, primary validation tests 

will be performed using pure water to maintain controlled and repeatable conditions. 

Secondary validation tests involving consumers will be performed by using mashed 

potatoes, since water might generate aversion and add noise to the testing. This 

approach ensures a realistic product experience while minimizing concerns about 

spills or burns during microwaving, leading to more reliable consumer feedback. 

This thesis does not aim to generalize its findings, as they are based on a specific 

process. However, it provides a framework and methodology that can be applied in 

other food packaging companies. 
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1.4 Report Structure 

Starting with an outline of the background and context of the study, the Introduction 

(Chapter 1) presents the aim, research questions, and delimitations that frame the 

research. Subsequently, the Theoretical Framework (Chapter 2) provides the 

conceptual foundation through seven main topics. It includes an overview of 

microwaveable food packaging, in-pack microwave pasteurization, and plastic 

polymers, with a focus on polypropylene. Additional aspects such as seal integrity, 

peel ability, legislation, and recyclability are also explored to support the 

development of the study and identify relevant research gaps. After establishing the 

theoretical base, Methodology (Chapter 3) introduces the research approach and 

design, and the data gathering methods, including materials and equipment, 

employed throughout the study. The Results and Analysis (Chapter 4) presents the 

key findings from the tests, focusing on the technical and functional aspects 

investigated. In the Discussion (Chapter 5), the results are analyzed in relation to 

the research questions and supported by relevant literature, reflecting on critical 

parameters and process requirements. Finally, the Conclusions (Chapter 6) 

summarize the main findings, outline the study’s limitations, and provide 

recommendations for future research and development. 
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2 Theoretical Framework 

This chapter establishes the theoretical foundation for the research study and is 

divided into seven main topics. It includes definitions and content on the Packaging 

of Microwaveable Food, In-pack Microwave Pasteurization, and Plastic Polymers, 

with a focus on Polypropylene, Seal Integrity, Peel Ability, Legislation, and 

Recyclability. 

2.1 Packaging of Microwavable Food 

A package is a coordinated system designed to protect, contain, and facilitate the 

handling, distribution, and consumption of a product. It plays a crucial role in 

minimizing food waste. Effective packaging balances the following functions to 

improve efficiency, reduce costs, and maintain product integrity throughout the 

supply chain (Pålsson, 2018): 

1. Protection: Ensuring the product remains undamaged against environmental 

and mechanical hazards. 

2. Containment: Keeping products together for efficient transport and storage. 

3. Handling: Enabling easy transportation and movement within the supply 

chain. 

4. Communication: Providing essential information such as branding, 

instructions, and regulatory details. 

5. Apportionment: Dividing products into suitable units for distribution, sale, 

or consumption. 

6. Convenience: Enhancing usability for consumers and logistics 

stakeholders. 

Microwavable food packaging is engineered not only to contain and preserve food 

but also to perform under the unique thermal stresses imposed by microwave ovens. 

Microwave heating relies on the principle of dipole polarization: electromagnetic 

waves (typically at 2.45 GHz) cause water molecules in the food to oscillate rapidly, 

generating heat through friction. This process can produce temperature gradients 

within the food, with localized regions sometimes reaching between 100°C and 

120°C (Robertson, 2016). Such conditions require packaging that can maintain 

structural integrity and prevent material degradation. 
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Packaging solutions for microwaveable foods can generally be classified into 

passive and active systems. Passive packaging primarily serves as a barrier and 

structural support, providing protection from external contaminants and maintaining 

the integrity of the product during microwave heating. In contrast, active packaging 

is designed to interact with the food or its microenvironment. This can include 

features such as moisture control, oxygen scavenging, or dynamic venting 

mechanisms that actively manage steam release during heating. For example, self-

venting technology integrated into active packaging systems helps regulate internal 

pressure by allowing controlled steam escape, ensuring that the food retains 

moisture, and preventing deformation of the container (Schiffmann, 2017) 

Before selecting materials for either type of packaging, it is crucial to consider their 

thermal and dielectric properties. A critical requirement for microwave-safe 

packaging is its ability to withstand high temperatures. Polymers like polypropylene 

(PP) are commonly employed because of their excellent thermal properties. For 

instance, although PP has a melting point near 160°C, its safe operational range in 

microwave applications is generally limited to about 120–130°C to avoid 

deformation or chemical leaching (Regier, 2014). In contrast, materials such as 

polyethylene terephthalate (PET) are typically used when lower temperature 

exposure is anticipated, as PET is usually rated for safe use up to approximately 

80°C (Schiffmann, 2017). The dielectric properties of these materials are equally 

important; packaging materials with a low dielectric loss factor are preferred so that 

they do not themselves absorb significant microwave energy, ensuring that most of 

the energy is transferred to the food rather than the container (Tang, 2005). 

Beyond thermal resistance, an equally important design feature is the management 

of steam and pressure. As the water in the food vaporizes during microwave heating, 

pressure can build inside sealed containers. Many innovative packaging designs 

now incorporate venting mechanisms that allow for the controlled release of steam, 

which typically occurs at temperatures close to the boiling point of water (around 

100°C). For example, Amcor’s Magic Steam™ packaging film integrates self-

venting technology to regulate internal pressure effectively, preventing hazardous 

situations like container rupture while maintaining the moisture and texture of the 

food (Amcor, 2024). 

Alongside performance, sustainability has gained relevance, manufacturers are now 

exploring biodegradable (Khatun et al., 2023) and fully recyclable materials that can 

endure the thermal demands of microwave heating. Advances in bio-based polymers 

and fiber composites are pushing the boundaries of what is achievable, with some 

emerging materials designed to perform reliably even under repeated exposure to 

temperatures (Bauer et al., 2025) 
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2.2 In-pack Microwave Pasteurization 

Pasteurization is a heat treatment process that destroys or significantly reduces 

harmful microorganisms in food and beverages, enhancing their safety and 

extending shelf life. This method involves heating the product to a specific 

temperature for a set duration, sufficient to eliminate pathogens without 

significantly altering the nutritional value or quality. Commonly applied to milk, 

juices, and other perishable items, pasteurization helps prevent spoilage and 

foodborne illnesses while maintaining the product's overall integrity (Deak, 2014). 

Nevertheless, pasteurization methods must be verified and monitored to confirm 

they effectively reduce pathogenic microorganisms to safe levels (EUR-Lex - 

Official Journal of the European Union, n.d.). 

In-package microwave pasteurization is a novel technique that treats food products 

while they remain sealed in specialized, microwave-permeable containers. Instead 

of relying on slow, surface-based heat conduction, microwaves are used to heat the 

food evenly throughout its entire volume, which helps maintain both its nutritional 

value and sensory characteristics. A key feature of this process is the use of a valve 

that opens during the heating phase to release excess steam and oxygen, preventing 

dangerous pressure buildup and excessive moisture loss, and then closes during 

cooling, creating a vacuum that can extend the product’s shelf life. Research by 

(Tang et al., 2018) demonstrates that this method not only shortens the processing 

time relative to traditional retort pasteurization but also results in a higher quality 

final product, making it particularly well suited for ready-to-eat meals. 

2.2.1 Micvac FlexProcess™ 

The Micvac method is an innovative approach to producing chilled ready meals 

through in-pack cooking and pasteurization in a continuous process.  As observed 

in Figure 1. Micvac FlexProcess™ initially, raw ingredients are placed into trays, 

which are then sealed with a specialized film featuring a small hole. During 

microwave heating, this setup allows steam and oxygen to escape, preventing 

pressure buildup. After cooking, a patented valve is applied over the hole, and as 

the package cools, the valve creates a natural vacuum, effectively preserving the 

food. This method ensures that the final product is cooked, pasteurized, and 

vacuum-packed, resulting in high-quality ready meals with extended shelf life, all 

achieved without the use of preservatives (Micvac, 2024a) 
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Figure 1. Micvac FlexProcess™ 

2.2.1.1 Micvac’s Packaging System 

 

Table 1. Micvac FlexProcess® Primary Packaging System1 

Tray Lid Film Valve 

 

 

 

 

 

 

As shown in Table 1, the packaging system comprises a tray, a lid film, and a valve, 

all designed for efficient in-pack microwave cooking and pasteurization. The tray 

is made of transparent polypropylene and ensures even heat distribution, with a 

flexible bottom that aids in vacuum formation during cooling, helping to preserve 

food quality. The lid film is made of a multilayer structure composed of polyamide 

and polypropylene. It securely seals the tray and plays a crucial role in heat 

management; during cooling, it contracts inward to minimize air pockets, and during 

reheating, it expands to promote even heating. The patented one-way valve, made 

of polypropylene, enables vacuum sealing as the food cools after the tunnel, which 

extends shelf life and allows steam to escape during microwave reheating 

 

 

 

1 Images are not at scale and are just visual representations of physical elements. 
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2.3 Plastic Polymers  

A polymer is a large molecule composed of repeating structural units, which can be 

either natural, like proteins and cellulose, or synthetic, like polyethylene and PP, 

also known as plastics. Plastic, as defined by ASTM D833, is a solid material 

composed primarily of high-molecular-weight organic substances. It can be shaped 

by flow during manufacturing or processing and retains its solid form in the final 

product. This characteristic allows plastics to be molded into various shapes, making 

them widely used in different industries.  

Plastics are classified into two main types: thermoplastics and thermosetting 

polymers. Thermoplastics like PP can be repeatedly softened and reshaped when 

heated. In contrast, thermosetting polymers, like epoxy and phenolic resins, undergo 

a permanent chemical change when cured, making them rigid and unable to be 

reshaped (Fried, 2014). 

The properties of plastics are primarily determined by the following characteristics 

that will influence mechanical and barrier properties, which are essential in 

packaging applications(Fried, 2014) (Robertson, 2016): 

• Molecular weight, which refers to the size of the polymer chains, directly 

affects the polymer’s strength and toughness. Higher molecular weight 

polymers have longer chains that create more entanglement, increasing their 

tensile strength and impact resistance. In contrast, lower molecular weight 

polymers tend to be more brittle and easier to process.  

• Crystallinity, the degree to which chains are arranged in an orderly, 

structured pattern, plays a significant role in stiffness, permeability, and 

transparency. Crystalline polymers are rigid and have better gas and 

moisture barrier properties, while amorphous polymers are more flexible 

and transparent. 

• Chemical structure determines how a polymer interacts with 

environmental factors such as moisture, oxygen, and 

chemicals. Polyolefins, like PE and PP, have nonpolar hydrocarbon chains, 

making them highly resistant to water but more permeable to gases. In 

contrast, polymers with polar functional groups, such as polyamides 

(nylon) and ethylene-vinyl alcohol (EVOH), provide excellent gas barrier 

properties but tend to absorb moisture, which can alter their mechanical 

strength.  

 

These properties are crucial in packaging, where material selection must 

balance mechanical durability, barrier performance, and environmental 

resistance to ensure product protection and shelf-life stability. 
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2.4 Polypropylene  

PP is a thermoplastic polymer, a member of the polyolefin family (Manjula et al., 

2017). Also known as an alkene, it is defined as a hydrocarbon containing a pair of 

carbon atoms linked by a double bond (Stauffer et al., 2008). It is widely used due 

to its excellent balance of mechanical properties, chemical resistance, and cost-

effectiveness (useon, 2024). PP is also one of the lightest types of plastic, with a 

density of 0.91 to 0.94 g/cm³, making it ideal for lightweight applications (A. 

Maddah, 2016). 

The global PP market is substantial, PP accounts for approximately 17% of annual 

global plastic production. This makes PP the second most manufactured plastic after 

polyethylene (Bovee, 2024). In 2022, the global polypropylene market size was 

estimated at USD 123.46 billion and is expected to expand at a compound annual 

growth rate (CAGR) of 4.7% from 2023 to 2030(Grand View Research, 2022). 

2.4.1 Tacticity 

The chemical structure of PP consists of repeating units of propylene, with the 

chemical formula C₃H₆. The arrangement of the methyl groups (-CH₃) attached to 

the carbon backbone defines its tacticity, which significantly influences its 

properties, as shown in Figure 2. Polypropylene Tacticity: 

a) Isotactic PP: Highly crystalline, with all methyl groups on the same side of 

the polymer backbone, resulting in high rigidity and a high melting point 

(approx. 160–170°C) (Calafut, 1998b). 

b) Syndiotactic PP: Alternating methyl groups on opposite sides, leading to 

semi-crystalline properties. Crystalline regions provide strength and 

rigidity, while amorphous ones are more flexible and less structured. 

Resulting in a material that balances strength and toughness (De Rosa, 

2006). 

c) Atactic PP: Random methyl group distribution, producing an amorphous, 

rubber-like material that is more flexible but less strong (Busico & Cipullo, 

2001). 
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Figure 2. Polypropylene Tacticity 

2.4.2 Homopolymer vs. Copolymer 

Polypropylene homopolymer (HPP): It consists solely of PP monomers, resulting 

in a highly crystalline and rigid structure. It exhibits excellent tensile strength, high 

melting points, and good chemical resistance. However, due to its stiffness, HPP 

has lower impact resistance, especially at low temperatures, which limits its use in 

applications that require flexibility or toughness under extreme conditions.  

PP copolymers are produced by incorporating ethylene as a secondary monomer, 

which alters the polymer’s properties to enhance flexibility and impact strength. 

There are two main types: random copolymer (RCP) and impact copolymer 

(ICP). RCP contains small amounts of ethylene randomly distributed within the 

polymer chain, improving clarity, softness, and resistance to cracking. ICP has a 

rubber-like ethylene-propylene phase, significantly increasing toughness and 

impact resistance, especially in low-temperature environments. This makes it a 

preferred material for heavy-duty applications. By modifying the monomer 

composition, polypropylene copolymers provide a balance between strength and 

flexibility, broadening their usability across various industries (A. Maddah, 2016). 

2.4.3 Processing and Conversion 

2.4.3.1 Extrusion 

Polypropylene (PP) is primarily synthesized through Ziegler–Natta or metallocene 

catalysis polymerization, which allows for precise control over molecular weight, 

tacticity, and crystallinity, impacting the polymer's performance in end-use 

applications (Buchelli et al., 2021).  After polymerization, the PP resin is often 

blended with additives and pelletized into small, uniform pellets. These pellets serve 

as the feedstock for the extrusion process, a key plastic processing method where 

molten material is continuously forced through a shaping device (Robertson, 2016). 
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It can produce various forms, such as films, sheets, and tubing, depending on the 

die and cooling method used (D. V. Rosato, 1998).  The process of converting 

extruded thermoplastics into films can be achieved using both monolayer extrusion 

and coextrusion methods: 

Monolayer extrusion is a process where molten polymer is continuously forced 

through a die to form a single-layered film or sheet, with the material being shaped 

and cooled to achieve the desired thickness and properties. Two primary processes 

are used: the flat film process (cast) and the tubular (blown film) process (Robertson, 

2016). 

2.4.3.1.1 Cast: Flat film Process 

In the cast film extrusion process, the molten polymer is extruded through a flat die 

and immediately cast onto a water-cooled chill roll. According to (LyondellBasell, 

2015) A nip roll is positioned directly against the chill roll to ensure firm and 

uniform contact while the film is still hot. This setup allows for efficient heat 

transfer, rapid solidification, and improved surface quality. The film may then pass 

over additional chill or polishing rolls to further reduce its temperature and fine-tune 

its thickness. Once cooled, the edges are trimmed, and the film is wound onto rolls 

for storage or further processing. This process results in a film with uniaxial 

orientation, where the polymer chains are aligned in the direction of extrusion.  Both 

orientation and the quick quenching process enhance mechanical properties and 

clarity, resulting in a clear film that is smooth and easy to handle (Crawford & 

Martin, 2020). 

 

 

 

Figure 3.  Cast Film Process (Shiromoto et al., 2010) 
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2.4.3.1.2 Tubular: The blown film process  

The blown film process begins by extruding a thin tube of molten polymer, which 

is then inflated with air to form a bubble. As the film is inflated, it stretches in both 

the machine direction (MD) and the cross direction (CD), which aligns the polymer 

chains and enhances the material’s strength. This stretching process helps to 

improve the mechanical properties of the film (Dunn, 2015c). As illustrated in 

Figure 4 once the film reaches the desired dimensions, it is cooled, typically by 

surrounding air or, in some cases, a specially designed air ring system for controlled 

cooling. After solidification, the bubble collapses into a lay-flat film using guide 

rollers and a collapsing frame. One common method involves collapsing the bubble 

into a lay-flat tube, which is then guided through a series of rolls. The lay-flat tube 

is slit along its edges to produce two separate sheets of single-layer film. These 

sheets can either be wound separately or directed to a rewinding unit in a later stage, 

depending on the production setup (British Plastics Federation, 2025).  

The relatively slow cooling rate during the blown film process promotes crystal 

formation, directly influencing the film’s properties. As the polymer crystallizes, it 

increases the film's stiffness and haziness. Haziness occurs due to light interference 

by the crystalline structures, which scatter light differently than the amorphous areas 

of the polymer. Additionally, crystallization reduces the film’s moisture vapor 

transmission rate, making it less permeable to moisture. This is because the 

amorphous regions, which are more open and flexible, allow moisture to pass 

through more easily. As crystallization occurs, these regions become more tightly 

packed, creating a barrier to moisture, which is an important factor in applications 

such as packaging (McKeen, 2017). 

 

 

Figure 4. Blown process (Dr. Schenk GmbH, 2025) 
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The choice between these methods largely depends on the desired film 

characteristics, with cast films offering better optical clarity and improved heat 

sealing due to their smoother surface, and blown film providing enhanced 

mechanical strength. Although the previous will depend on the additives chosen by 

the suppliers and incorporated into each process to achieve specific characteristics. 

2.4.3.2 Coextrusion 

Coextrusion is a manufacturing process that involves the simultaneous extrusion of 

multiple layers of different polymers through a single die to create a multi-layered 

film. This method enables the combination of materials with distinct properties to 

achieve products with enhanced characteristics, such as improved barrier properties, 

mechanical strength, and sealing ability (D. V. Rosato, 1998). It allows for the 

creation of thinner barrier layers, making it more economical, especially when 

expensive materials like EVOH are used for their barrier properties in conjunction 

with PP (Brown, 2000).  

2.4.3.3 Orientation 

Plastic orientation is a manufacturing technique that alters the molecular chain 

alignment in polymer films, by heating above the temperature at which crystals in 

the polymer maintain their well-ordered assemblies (glass transition temperature, 

TG) and mechanically stretching the material in the machine and/or cross-direction 

using specialized orientation equipment. When the film is stretched in only one 

direction, it is referred to as machine direction orientation (MDO). In contrast, 

biaxial orientation (BO) involves stretching the film in both the MD and the CD 

(Breil, 2010). The orientation can be applied immediately after extrusion or as a 

secondary processing step once the film has solidified (Dunn, 2015c).   

One of the primary advantages of this process is the ability to reduce film thickness 

(down-gauging), which increases material yield and enhanced performance in areas 

like mechanical strength, optical clarity, barrier protection, and porosity.  This 

alignment increases tensile strength in terms of mechanical properties, allowing the 

plastic to withstand greater stretching forces without tearing. The process also 

enhances elongation, allowing plastic films to stretch further without breaking 

(Parkinson Technologies, 2023). 

In MDO, the polymer film is stretched along the direction of extrusion, or the film's 

length. This is typically achieved by using a machine direction orienteer, which 

consists of rollers that rotate at increasing speeds to stretch the film. This stretching 

aligns the polymer chains in the MD, improving the film’s mechanical strength, 

stiffness, and tensile properties along the film's length (Drobny, 2014). 

A common example of biaxially oriented film is biaxially oriented polypropylene 

(BOPP). BOPP is produced by stretching the film in both the MD and TD. In this 

process, the film is first oriented in the MD using an MDO system, and then further 



27 

stretched into the CD using a tenter frame. This dual-stretching process significantly 

increases the film's Young's modulus, tensile strength, and optical clarity.  

2.4.3.4 Lamination Process 

Lamination is a technique that enhances the properties of polypropylene films by 

bonding multiple layers of materials together. Depending on the application, this 

can be achieved through adhesive or extrusion lamination. In extrusion lamination, 

a molten polypropylene layer is applied between two substrates, such as Ethylene 

vinyl alcohol (EVOH), which are then cooled and bonded together (SP Flexible 

Packaging, 2025). Adhesive lamination involves bonding webs using thermal or 

chemical adhesives, which require solvents or curing agents (Dunn, 2015b). 

2.4.4 Thermal Properties 

Table 2. Thermal properties of PP Films 

Melting 

Temperature 

°C (Songhan 

Co, 2024) 

Vicat 

Softening 

Temperature  

°C (INEOS, 

2014) 

Glass 

transition 

temperature  

°C 

(Omnexus, 

2025)  

Heat 

Deflection 

Temperature 

°C 

(0.455MPa) 

(Osswald & 

Menges, 2012) 

Melt Flow 

Index[230 

°C/5 

kg](Dewi et 

al., 2023) 

119 - 170  143 - 152  -10 – (-20)  90–110 5–20 

 

Thermal properties are crucial in defining how polymers behave at different 

temperatures. The melting temperature (Tm) indicates the temperature at which 

crystalline regions of a polymer melt. This affects the polymer’s processing and 

application, as materials with higher Tm, like PET, can withstand higher 

temperatures and are more suitable for heat-resistant packaging.  

Softening temperature refers to the temperature at which a polymer transitions 

from a rigid state to a more flexible or deformable form without fully melting. This 

property is essential for determining a polymer’s thermal stability, processability, 

and performance in various applications. Different types of softening temperatures 

are used to characterize polymers, such as the glass transition temperature (Tg), 

where amorphous polymers shift from a brittle to a rubbery state (Fried, 2014) , and 

the Vicat softening temperature (VST), which indicates the point at which a material 

deforms under a specified load (Callister, W & Rethwisch, D. G, 2021). 

Heat Deflection Temperature (HDT) is a key property that measures the 

temperature at which a plastic material, such as polypropylene (PP), begins to 

deform under constant applied stress as the material is heated. This indicates the 
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material's capacity to maintain its shape and mechanical integrity when exposed to 

thermal and mechanical stress(Shrivastava, 2018a). The HDT is assessed using 

standard loads 0.455 MPa (66 psi) and 1.82 MPa (264 psi), simulating different 

usage conditions.  

Melt flow refers to the ability of a polymer to move and deform under heat and 

pressure in its molten state, typically measured by the Melt Flow Index (MFI). It is 

a relevant property in polymer films, as it affects their processability, mechanical 

strength, and sealing performance. In film production, melt flow determines how 

easily the polymer can be extruded or blown into thin layers without 

defects(Callister, W & Rethwisch, D. G, 2021). For sealing applications, an 

optimized melt flow ensures strong, consistent, and reliable seals, preventing leaks 

or weak points in packaging films. If the melt flow is too high, the material may be 

too weak, leading to poor seal strength, while a very low melt flow can result in 

difficulty processing and incomplete sealing(Shenoy & Saini, 1986). 

A range of values for these thermal properties are given in Table 2. Thermal 

properties of PP Films. 

2.4.5 Mechanical Properties 

Mechanical properties define a material’s response to external forces, which is 

crucial in applications such as packaging. One of the most significant properties are 

tensile properties, which play a critical role in determining the ability of a film to 

withstand mechanical stresses such as stretching, sealing, and handling without 

tearing or breaking (Robertson, 2016). Tensile strength is a key factor that ensures 

the film remains intact under different conditions, including vacuum and pressure 

applications. This is measured through uniaxial tension testing, where a sample is 

stretched until failure to determine its yield strength, ultimate tensile strength, and 

elongation at break (Hardwick, 1987), as observed in Figure 5. Typical stress-strain 

curve for polymer film   (Hanpin, 2013). 
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Figure 5. Typical stress-strain curve for polymer film  (Hanpin, 2013) 

 

Yield strength refers to the stress level at which a film begins to deform 

permanently, while elongation at break represents how much material stretches 

before failure, expressed as a percentage of its original length. The Young’s 

modulus (E) measures a material’s stiffness, with higher values indicating increased 

rigidity and brittleness (Swedish Standards Institute, 2019). Standardized methods 

such as ASTM D882 and ISO 527 are commonly used for testing tensile properties 

in thermoplastic films. Since the properties can vary based on film orientation due 

to the anisotropic nature of plastics, testing must be performed in both MD and CD 

directions independently. A range of values for these mechanical properties are 

given in Table 3. Tensile Properties of PP Films. Values will vary according to 

polymer type, processing, thickness, and orientation. 

 

Table 3. Tensile Properties of PP Films 

Tensile strength MPa Elongation at break % 

(A. Maddah, 2016) 

5.48 to 460 3-700 

 

The orientation of polypropylene films significantly impacts their mechanical 

properties in the MD and CD. As observed in Figure 6. Physical Property 

Differences: 1 mil CPP vs 1 mil OPP  (Dunn, 2015a)and Figure 7. Property 

improvement for biaxially stretched PP (BOPP) versus cast PP (CPP)(Breil, 2010) 

OPP, particularly Biaxially Oriented Polypropylene (BOPP), exhibits significantly 
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higher tensile strength compared to Cast Polypropylene (CPP), while CPP retains 

much greater elongation at break, making it more flexible. 

 

Figure 6. Physical Property Differences: 1 mil CPP vs 1 mil OPP  (Dunn, 2015a) 

 

Figure 7. Property improvement for biaxially stretched PP (BOPP) versus cast PP (CPP)(Breil, 

2010) 

 

In addition to tensile strength, other mechanical properties, such as tear resistance 

and bursting strength, can influence the performance of plastic films. Tear strength 

indicates how much force is required to propagate an existing tear. Bursting strength 

reflects the pressure required to cause film failure, indicating the material's capacity 

to absorb energy (Hardwick, 1987). It can be measured using biaxial tension testing, 

specifically the bulge test. This method involves securing a sample over an opening 

at the end of a cylinder and applying gas pressure to form a bulge. The stress and 

strain calculations are based on factors such as applied pressure, foil thickness, and 

the bulge’s height and radius (Taylan, 2015). Range values of these properties have 

not been reported for mono polypropylene films. 
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2.4.6 Barrier Properties 

Polypropylene (PP) is widely used in packaging applications due to its effective 

moisture barrier properties. Its semi-crystalline nature creates regions of high 

molecular order that restrict the passage of water vapor. The Water Vapor 

Transmission Rate (WVTR) of PP ranges from approximately 0.5 to 2 g/m²/day, 

depending on the film thickness and processing conditions, which helps protect 

products from humidity and moisture degradation(Kumari & Boora, 2024). 

However, PP's barrier properties against gases like oxygen are relatively limited. Its 

oxygen transmission rate (OTR) is relatively high, typically ranging from 100 to 

1500 cc/m²/day, depending on the type of PP and thickness. To address this, 

orientation techniques are employed to enhance its performance(Ajji & Cole, 1999). 

BOPP films exhibit superior barrier properties due to the alignment of the polymer 

chains during the orientation process (Calafut, 1998a). Nevertheless, some 

amorphous regions remain, which act as pathways for gas molecules to pass 

through.  

Combining PP with ethylene vinyl alcohol (EVOH), polyvinyl alcohol (PVOH), or 

aluminum layers significantly enhance its gas barrier properties. EVOH and PVOH 

create a dense polymer network with strong hydrogen bonding, reducing the 

diffusion of oxygen molecules, while aluminum serves as an impermeable physical 

barrier, completely blocking gas transmission (Song et al., 2016). This multilayer 

structure allows PP-based packaging to provide superior protection for oxygen-

sensitive products, extending shelf life and maintaining product integrity. Moreover, 

multilayer PP films with EVOH concentrations up to 5% can still be considered 

recyclable, since compatibility is guaranteed with existing PP recycling streams 

(RecyClass, 2025). Specific guidelines regarding PVOH incorporation are not yet 

established. RecyClass continues to evaluate the impact of PVOH on PP recycling 

processes, and further research is ongoing to provide clear recommendations. 

2.5 Heat Seal Integrity 

The fundamental principle of heat-sealing technology involves pressing and heating 

two thermoplastic layers to form a secure bond. In the widely used thermal press 

method, heat is transferred from a heated jaw to the surface of plastic films. The 

process consists of heating the bonded surfaces to the required temperature, 

followed by a cooling phase to finalize the bond (Hishinuma, 2009).  
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2.5.1 Heat-sealing of lid film to tray 

The heat-sealing process for a lid film to a tray relies on three key mechanisms: 

heat transfer, polymer softening, and adhesion development. Heat is applied to 

the lid film through a heated platen, and the energy is conducted through the film to 

reach the sealant layer, where it activates the polymer’s softening point, as 

explained and diagramed by (Leminen et al., 2015) Figure 8. Heat Sealing of Tray 

and Lid Film. The lower sealing tool (LST) raises the tray beneath its flange, 

positioning it within the sealing chamber (SC), which then closes. Next, the upper 

and lower sealing tools (UST and LST) are pressed together with a predetermined 

force (F), applying heat and pressure to bond the tray and lidding film (LF) within 

a set duration, thereby forming the seal. Simultaneously, a sharp blade trims the 

lidding film to match the tray’s shape. Typically, the upper sealing tool is heated 

(T1), while the lower sealing tool remains at room temperature (T2). The degree of 

heat transfer depends on factors such as material thickness, thermal conductivity, 

and sealing time. Since the tray is not actively heated, it acts as a heat sink, slowing 

down the temperature increase at the interface. This difference in heat distribution 

must be accounted for by adjusting the seal temperature, dwell time, and pressure 

to ensure proper adhesion without material degradation (Paulus & Rädle, 2021) 

 

Figure 8. Heat Sealing of Tray and Lid Film (Leminen et al., 2015) 

  

The bonding between the lid film and tray occurs through intermolecular 

interactions. If both materials share a similar chemical structure, such as PP film 

sealing to PP trays, the process is mainly based on polymer diffusion, 

entanglement, and wetting.  Once the sealant layer reaches its activation 

temperature and the tray reaches a temperature where its surface molecules become 

mobile enough, surface molecular diffusion occurs, allowing polymer chains from 

the lid film’s softened sealant layer to penetrate the surface layer of the tray’s 

coating. These diffused polymer chains then physically entangle with the adjacent 

polymer chains in the tray, creating a network of intertwined molecules. As the seal 

cools, these entangled chains solidify, forming a strong mechanical bond without 

requiring full melting of the tray (Ilhan et al., 2021).  
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Wetting acts as a precursor to polymer diffusion and entanglement, it refers to how 

well the melted or softened sealant layer spreads across the tray surface, which 

directly affects adhesion quality. This mechanism is governed by the surface energy 

of both materials and their interfacial compatibility. When the sealant layer reaches 

its activation temperature, it needs to flow and make intimate contact with the tray 

surface to maximize adhesion (Zenkiewicz, 2010). For effective wetting, the 

surface energy of the tray must be higher than that of the sealant layer, allowing 

the molten polymer to spread rather than bead up. Polypropylene (PP) naturally 

has low surface energy, which can limit wetting and adhesion, often requiring 

surface treatments like corona, plasma, or flame treatment to improve bonding. 

In contrast, materials like polyethylene terephthalate (PET) or aluminum trays 

naturally have higher surface energy, promoting better wetting. As the sealant layer 

flows across the tray surface under applied pressure and heat, it conforms to the 

microtopography of the tray, increasing contact area and adhesion strength  

2.5.2 Sealing Process: Sealing Curve 

The sealing process is influenced by several key factors, including temperature, 

pressure, dwell time, and material properties. To ensure a strong and durable 

seal, these parameters must be carefully controlled to prevent contamination, 

leakage, and loss of product quality (Mirams, 2017).  Seal strength depends on 

the right balance of sealing temperature, dwell time, and pressure, combined with 

consistent film quality. If the temperature is too low, the polymer layers fail to bond 

properly, leading to weak seals. Conversely, excessive temperatures can cause 

thinning or tearing at the seal edges, weakening the overall package. Dwell time 

plays a key role in heat transfer, as longer exposure allows for better fusion of 

materials but may also introduce thermal degradation at high temperatures or 

pressures. Sealing pressure ensures intimate contact between layers, but excessive 

force can displace the sealant layer, reducing overall strength. Additionally, factors 

such as film thickness inconsistencies, polymer blending issues, or over-treatment 

(excessive corona discharge) can increase seal variability, leading to failures 

(Morris, 2017). 

By leveraging sealing curves, manufacturers can optimize material selection and 

sealing conditions to ensure high-quality packaging. The sealing curve represents 

how seal strength evolves with temperature, helping manufacturers define the 

optimal sealing range (Farris et al., 2009). The curve typically consists of four 

phases: 

1. Seal Initiation Phase: At lower temperatures, the polymer does not melt 

sufficiently, resulting in weak adhesion and poor seal strength. 

2. Seal Growth Phase: As the temperature increases, the polymer reaches its 

melting point, allowing fusion between layers, and strengthening the seal. 
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3. Plateau Region (Optimal Sealing Range): This is where maximum seal 

strength is achieved. The material flows well, ensuring a uniform, reliable 

bond. 

4. Over-Sealing or Degradation Phase: At excessive temperatures, polymer 

degradation, excessive thinning, or burn marks can weaken the seal, 

increasing the risk of failure. 

 

Figure 9. Sealing Curve (Darby, 2009) 

The plateau region is critical because it provides a temperature buffer, ensuring 

consistent sealing performance even with slight process variations. Identifying and 

optimizing this range helps balance seal strength, material efficiency, and process 

stability. 

2.6 Peel Ability 

Peel ability refers to the ease with which a consumer can remove a closure from a 

container, like a sealed lid film, without excessive force or material breakage. This 

characteristic is significant for food and pharmaceutical packaging, where user 

convenience and product integrity are critical. A well-balanced peel strength ensures 

that the package remains securely sealed during processing, transport, and storage, 

but can still be opened without undue effort (de la Fuente Claudio Javier, 2013). 

2.6.1 Peelable Layers and Material Composition 

Multilayer films commonly consist of a sealant layer, a structural layer, and a barrier 

layer. The sealant layer, which governs peel ability, is formulated to ensure 

controlled delamination upon opening. It can be achieved through the use of heat 
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seal-coated (HSC) materials, a polybutylene-polyolefin blend, or by adjusting the 

sealing temperature and dwell time (Auras, 2006).  

The selection of materials and their composition directly impact the peel strength, 

influencing the ease of opening and consumer satisfaction. For instance, ethylene-

vinyl acetate (EVA) and ethylene-methyl acrylate (EMA) are widely used due to 

their ability to form strong yet easily separable bonds (Navalakha, 2014). Similarly, 

polybutene enhances the sealant layer's elasticity, enabling a more predictable and 

uniform peel force when combined with polyolefins, like PP, due to its limited 

compatibility (Gellerich & Majschak, 2022). For example, in a film containing 

both polybutylene and polypropylene, sealing it to a polypropylene cup results 

in reduced bonding sites, facilitating controlled delamination. This process leads 

to cohesive splitting within the PP and polybutylene layers, ensuring a smooth and 

effortless opening experience. 

2.6.2 Seal Strength and Peel Force 

Seal strength refers to the force required to keep a seal intact before peeling begins, 

while peel force, also known as opening strength, is the force a consumer must 

apply to open the package (ISO 17480, 2015). Research indicates that seal strength 

typically ranges between 5 and 25 N/25 mm, depending on the packaging design 

and material properties. For easy-open packaging, an ideal seal strength falls 

between 3 and 15 N/25 mm, ensuring convenient access without compromising 

product protection (Gellerich & Majschak, 2022).  

Peel force, on the other hand, depends on user capability and varies based on the 

target demographic. Understanding these preferences is crucial for designing 

packaging that aligns with market expectations. Children can typically apply 10 

to 18 N of force, younger adults (31–50 years old) can apply forces up to 90 N, 

and elderly individuals (81–90 years old) may have trouble with forces 

exceeding 40 N. While most adults comfortably exert 15 to 25 N, forces up to 

35 N are still considered within the peelable range for many users (Nilmanee, 

Somporn, 2022).  

Understanding the relationship between seal strength and user-applied peel force is 

essential for designing packaging that balances product security with accessibility. 

By tailoring seal strength to user capabilities, manufacturers can ensure that 

packaging remains protective while being easy to open for its intended audience. 

2.6.3 Dexterity and Packaging Accessibility  

Manual dexterity, which includes fine motor skills and hand-eye coordination, plays 

a crucial role in a person’s ability to interact with packaging, especially those 

requiring peeling actions. While grip strength measures the force exerted by the 
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hands, dexterity determines the precision and control of hand movements. This 

distinction is important because individuals with sufficient strength may still 

experience difficulty opening packaging if their dexterity is impaired. Research has 

shown that individuals with hand disorders, such as arthritis, in some cases can only 

exert half of the force applied by healthy individuals when opening packages with 

tear tabs(Žura et al., 2021). 

Grip strength varies across age groups, influencing packaging accessibility. 

Children and adolescents exhibit increasing grip strength as they grow(Górecki et 

al., 2024). Among adults, grip strength typically peaks in the 30–39 age group for 

both genders and gradually declines with age. Males consistently demonstrate 

higher values than females across all age categories. Older adults, particularly those 

above 60, show a significant reduction in grip strength, which can make opening 

sealed packages more challenging (S. WERLE et al., 2009). 

By considering both grip strength and dexterity, manufacturers can create packaging 

solutions that cater to a wider demographic, ensuring functionality and ease of use. 

Optimizing peel forces and incorporating features like ergonomic tabs or modified 

sealing mechanisms can significantly improve accessibility for elderly individuals, 

children, and those with hand limitations, ultimately enhancing the overall user 

experience (Marks et al., 2012). 

2.6.4 Peel Ability Assessment  

The ease of opening packaging can be assessed using instrument-based and user-

based evaluation methods. Instrument-based evaluation involves the use of 

measuring devices to obtain quantifiable data, such as peel strength, removal torque, 

and ring pull force. These methods provide indicative values for the force required 

to open a package but may not fully capture user capabilities or limitations. 

Therefore, instrument-based evaluations should be complemented by user-based 

studies, which consider human sensory, physical, and cognitive aspects of 

accessibility. User-based evaluation involves direct testing with individuals, 

providing qualitative insights into how users interact with packaging. Panel tests, 

questionnaires, and structured interviews can help assess user behavior and 

preferences. By combining these approaches, a more comprehensive understanding 

of packaging open ability can be achieved (ISO 17480, 2015). 
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2.7 Legislation and Recyclability 

2.7.1 Food Safety and Regulatory Compliance 

When designing a mono material polypropylene (PP) lid film for food packaging, 

particularly for microwaveable use, it is essential to ensure full compliance with 

both food contact material (FCM) regulations and high-temperature performance 

standards. 

At the European level, Regulation (EC) No 1935/2004, amended by Regulation 

(EU) 2019/1381, lays down the general principles for all materials and articles 

intended to come into contact with food. It mandates that materials must not 

endanger human health, alter the composition of food, or negatively affect its taste 

and smell. The regulation also emphasizes the need for traceability and 

documentation, supporting transparency across the supply chain. 

Commission Regulation (EU) No 10/2011, as amended by Regulations (EU) 

2020/1245 and 2023/1442, establishes the legislative framework governing 

plastic materials and articles intended to come into contact with food. It defines 

the list of authorized substances, sets specific migration limits (SMLs) and overall 

migration limits (OMLs), and mandates the issuance of a Declaration of 

Compliance (DoC). For food contact applications involving elevated temperatures, 

such as microwave reheating or sterilization, migration testing must be conducted 

under test condition OM5, as specified in Annex V (121 °C for 1 hour). The 

material must be evaluated using appropriate food simulants to ensure that no 

harmful substances are released above the permitted limits under these thermal 

stress conditions. The DoC must indicate the material's suitability for 

microwave use and include supporting migration test data demonstrating 

compliance with the applicable SMLs and OMLs at high temperatures. 

Furthermore, the production of the film must comply with Commission Regulation 

(EC) No 2023/2006 on Good Manufacturing Practice (GMP), ensuring a controlled 

production process with traceability, quality assurance, and contamination 

prevention. The amendment via Regulation (EC) No 282/2008 further strengthens 

these requirements, especially concerning recycled plastics. 

For global markets, US FDA regulations are also applicable. For example, 21 CFR 

§ 177.1520 covers polypropylene polymers used in food contact at high 

temperatures, and CFR § 175.105 authorizes the use of adhesive substances in food 

packaging materials, provided they are either separated from food by a functional 

barrier or used in direct contact only under the specific conditions established in the 

regulation. These regulations define the safe use of materials in conditions involving 

reheating and cooking, ensuring that the packaging remains stable and does not 

release harmful substances when exposed to heat. 
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Together, these European and FDA regulations create a comprehensive safety 

framework for mono material PP lid films, ensuring that they are not only food-safe 

under normal conditions but also reliable and compliant for microwaveable, high-

temperature applications. 

2.7.2 Recyclability 

The Packaging and Packaging Waste Regulation (PPWR) was officially published 

on January 22, 2025, as Regulation (EU) 2025/40, and it entered into force on 

February 11, 2025. Its provisions will become applicable across EU Member States 

from August 12, 2026, gradually replacing Directive 94/62/EC. As mentioned, it 

aims to reduce packaging waste, improve recyclability, and drive circular packaging 

systems in the European Union (The European Parliament and the Council of the 

European Union, 2025). 

A cornerstone of the PPWR is the requirement that all packaging placed on the EU 

market must be recyclable by design. By 2030, packaging must also be recyclable 

in practice and on a scale, based on its compatibility with existing collection, sorting, 

and recycling infrastructure. Importantly, from 2035, non-recyclable packaging will 

be banned entirely from the EU market. 

The regulation also establishes Extended Producer Responsibility (EPR) schemes, 

in which producers will be financially penalized. EPR fees will be modulated based 

on the recyclability of packaging, meaning that non-recyclable formats will incur 

higher fees, reflecting their environmental and end-of-life costs. 

PPWR further mandates (Article 6) that all packaging be classified into recyclability 

performance grades (A to E). These grades are determined according to design-for-

recycling criteria, assessing whether a package can be collected, sorted, and 

reprocessed into high-quality material using established systems. Mono material PP 

structures, when designed to meet these criteria (e.g., avoiding metallic barriers, 

using detectable inks, and ensuring easy separability), are likely to achieve high 

recyclability ratings (Class A or B). 

To prove recyclability and compliance, packaging must align with technical 

standards such as: 

• Guidelines from RecyClass or CEFLEX D4ACE, which define and test 

structural compatibility with recycling infrastructure 

• EN 13430: Packaging recoverable by material recycling 

In addition, the PPWR will require Digital Product Passports (DPPs), which will 

store key data on material composition, recyclability class, and compliance 

documentation. This will enhance transparency, traceability, and consumer 

information. 
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3 Methodology 

This section presents the research approach and design, and the data gathering 

methods, including materials and equipment, employed throughout the study. 

 

3.1 Research Approach and Design 

The scientific method provides a systematic and iterative framework for addressing 

complex technical challenges through hypothesis-driven experimentation, 

observation, and data analysis (Popper & Popper, 2008). In this work, a loop-based 

methodology (Figure 10) is applied to identify and validate a suitable mono material 

polypropylene (PP) lid film for use in the Micvac FlexProcess™. This approach 

enables continuous refinement and decision-making, grounded in empirical 

evidence and structured evaluation. 

 

Figure 10. Loop-based Methodology 

 

The process begins with a comprehensive literature review to gather technical 

insights and define the essential design criteria for the PP film. These criteria form 

the foundation for subsequent testing and directly address the first research question: 
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What are the essential design criteria for amono material PP film in the Micvac 

FlexProcess™ package? Throughout the process, relevant literature was 

continuously revisited to support the interpretation of experimental outcomes, 

especially in areas such as heat-sealing dynamics, polymer characteristics, and 

mechanical properties. 

 

Table 4. Suppliers and Film Candidates 

Supplier A Supplier B Supplier C 

M2 M20 M21 
 

M22 M23 

 

Based on this review and initial screening done previously by the company, five PP 

film candidates from three different suppliers were chosen for their technical 

potential and availability. Corresponding suppliers and film candidates can be seen 

in Table 4. In addition, film characterizations provided by the suppliers, including 

sealing curves, film structures, and mechanical properties, were considered to 

contextualize the test results further and interpret performance trends observed 

during evaluation. 

To assess the performance of these candidates, testing began with a full factorial 

Design of Experiments (DoE) conducted on a selected film (M20). This 

experimental phase focused on systematically understanding the relationship 

between key sealing parameters, time, temperature, pressure, and the resulting 

sealing strength, aiming to define an operating window that consistently delivers a 

strong, hermetic seal. The primary response variable was the maximum internal 

pressure the sealed package could resist before bursting or delaminating. Data was 

analyzed using RStudio, offering insights into how variations in sealing parameters 

impacted internal pressure resistance.  

After gaining a solid understanding of these interactions, the next step was to define 

the minimum internal pressure threshold that the sealed packages must 

withstand. This threshold served as a reference point for defining a robust operating 

window. The outcome of this phase provided critical insights, addressing the second 

research question: What critical parameters must be considered to validate the 

performance of the new lid film? Once the critical parameters were established, this 

knowledge was applied to the remaining film candidates, enabling a more focused 

and efficient testing approach (Montgomery, 2017).  

To promote a cooperative evaluation, suppliers and internal project stakeholders 

were iteratively informed of the different test outcomes. While internal team 

feedback guaranteed compatibility with process criteria and functionality, supplier 

expertise helped contextualize material behavior observations. Together with 

regular reviews of literature, this feedback loop served as a valuable checkpoint 

before progressing to final evaluations and ranking.  
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To optimize testing within time constraints, two parallel evaluation streams were 

conducted: on one side, tunnel trials assessed microwave process compatibility 

under near-industrial conditions using trays filled with water; on the other side, 

instrumental peel ability testing (ASTM F2824) and consumer acceptability 

assessments were performed on trays containing mashed potatoes to reflect real 

product use and evaluate user-facing attributes such as ease of opening. These 

findings directly contributed to answering the third research question: How do the 

available PP films compare in terms of the critical parameters? 

Building on the gathered insights, a selection matrix was developed using the 

Ulrich and Eppinger method to facilitate a structured comparison of the films that 

met the internal pressure resistance threshold. This matrix combined critical 

technical performance data with practical considerations such as cost and supplier 

reliability, presenting the information in a clear, visual format to support objective 

prioritization and transparent decision making (Ulrich & Eppinger, 2020). This step 

addresses the fourth research question: What methodology can be used to develop a 

selection matrix for identifying the most suitable PP film? 

By consolidating results from technical testing, supplier data, tunnel trials, and user 

feedback, the matrix served as a comprehensive decision-support tool. This outcome 

contributed directly to answering the purpose of this thesis: Which mono material 

PP film is best suited for the Micvac FlexProcess™? 

3.2 Methods 

3.2.1 Tray Sealing  

The sealing operations for this project were carried out using a semi-automatic tray 

sealing machine: MSA20 Reepack Italy (Figure 11), designed for flexible testing 

and pilot-scale applications. Before sealing, each tray was filled with 400 g of water 

to simulate product load. 

The system operates similarly to the Figure 8 configuration; it uses a pneumatic 

mechanism with two cylinders set to 6 bars, providing a stable and even forced 

application during each sealing cycle. The upper and lower tool plates are aligned 

to deliver uniform sealing across two cavities, where trays are placed, and film 

passes through. For this setup, the surface pressure was calculated to be 

approximately 3.5 bar per cavity, which provides sufficient mechanical force to 

ensure strong, hermetic seals without damaging the structural integrity of the mono 

material PP films under evaluation. The machine allows customization of sealing 

time and temperature, making it suitable for process optimization. The sealing bar 
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is coated with Teflon to ensure smooth release and consistent heat distribution 

across the sealing area. These features made the machine suitable for the 

experimental phase of this study, offering reproducibility and versatility under 

conditions representative of industrial sealing. 

 

 

Figure 11. Tray Sealer MSA20  

3.2.2 Internal Pressure 

3.2.2.1 In-House Test 

 

An internal method established previously by the company was used to measure the 

maximum internal pressure of sealed tray samples during microwave reheating. In 

this setup, an inverter tabletop microwave was equipped with a pressure sensor 

cable, which was inserted through a hole located on the side wall (Figure 12). The 

cable is introduced into the tray through a small opening made just slightly larger 

than the cable’s diameter to ensure a tight fit and prevent pressure loss during 

measurement. It is positioned carefully to avoid contact with the water or food, 

allowing for real-time monitoring of pressure changes in the headspace during 

heating without interfering with the tray's integrity. 
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Figure 12. Internal Pressure Testing Method 

 

The system baseline is calibrated between 4 and 6 hPa, representing the zero-

reference point before heating begins, with all recorded values representing the 

pressure increase relative to this initial range.  This slight deviation from absolute 

zero is attributed to sensor sensitivity, ambient air fluctuations, and system 

calibration limits, and does not affect the relative accuracy of the recorded pressure 

increase during testing. Since the method is used daily for production quality testing, 

it is calibrated by the technical team. 

For measuring maximum pressure resistance, the microwave was set to operate at 

1000 watts. Although pre-programmed for five minutes, the test was manually 

stopped as soon as the maximum internal pressure was reached, indicated by the 

tray popping. The highest recorded pressure during this cycle was taken as the 

response variable, serving as a reliable indicator of the tray’s ability to withstand 

pressure buildup during microwave reheating.   

For assessing the valve opening pressure, the microwave was programmed at 600 

watts for seven minutes, closely simulating actual process conditions. 

3.2.2.2 Pressure and Temperature Probe 

 

To characterize the behavior of different lid film candidates and enable comparisons 

under process-relevant conditions, a series of tests were conducted using the 

MicroPack III pressure data logger from Mesa Labs (Figure 13). This compact, 

high-precision device was used to monitor pressure and temperature inside trays 

during microwave heating, simulating the conditions of the Micvac FlexProcess™. 

The logger was placed in water-filled trays (Figure 14), which were then sealed 
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according to the procedure described in Section 3.3, using parameters within the 

defined operating window. 

This approach provided a more robust and reliable method than the internal one for 

characterizing each film candidate’s behavior under relevant thermal and pressure 

conditions, and for enabling direct comparison among candidates concerning the 

expected demands of the cooking process. 

The first test enabled the monitoring of pressure buildup under vented conditions, 

closely replicating the pressure dynamics that occur just before the pressure-relief 

valve is applied in the actual process. A hole (2 to 5 mm in diameter) was punched 

in the center of each tray using a custom tool (Figure 15), allowing partial pressure 

release during heating. The trays were then microwaved at 600 watts for seven 

minutes.  

In the second test, the same tray configuration with a pressure probe was used, but 

without the vent hole, and microwaved at 1000 watts. In the third test, the same 

configuration was followed at a reduced power level of 600 watts, bringing the 

conditions closer to the actual thermal stresses experienced during the process, while 

still maintaining a standardized testing environment. 

 

 

Figure 13. Micropack III 

Pressure Data Logger 

 

 

 

Figure 14. Probe placed 

in the tray 

 

 

 

Figure 15. Punching Tool 

 

3.2.3 Ballooning 

The ballooning behavior of the film candidates was evaluated under microwave 

heating conditions simulating tunnel parameters. Testing was performed using the 

same household microwave oven described in section 3.2.2.1 (in-house pressure 

testing), modified with a small hole at the top for measurement access. Although 

some microwave leakage may occur, the setup remained sufficiently sealed for 

consistent heating.  
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As shown in Figure 16 a plastic stick was inserted through the hole, resting on the 

center of the film surface of each tray. A ruler beside the stick served as a reference, 

while a phone camera recorded the displacement, capturing ballooning height over 

time. 

 

 

Figure 16. Ballooning Height In-house test 

 

Trays sealed with different film candidates were heated at 600W for 7 minutes, 

followed by an additional minute without power to monitor film recovery after 

heating, simulating the cooling phase and valve application inside the tunnel. 

Changes in central film height during both phases were analyzed to assess 

ballooning behavior and film performance under pressure. 

The ballooning occurs as water inside the sealed tray vaporizes during microwave 

heating, producing steam that builds up internal pressure and pushes the film 

outward. This expansion reflects the film’s ability to withstand steam pressure and 

maintain seal integrity during the process. 

3.2.4 Tunnel Performance  

Tunnel performance was evaluated by assessing the vacuum efficiency of trays after 

exiting the microwave tunnel. Specifically, the number of trays that successfully 

underwent vacuum, indicated by a visibly collapsed lid, was recorded and compared 

to the total number of trays processed. A high rate of successfully vacuumed trays 

was interpreted as an indicator of proper seal formation, effective valve function, 
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and stable and robust processing conditions. The target defect rate for trays that fail 

to vacuum is 1%, although values below 5% are still considered acceptable for pilot-

scale trials. In addition to tracking the vacuum success rate, visual differences in the 

vacuum appearance of the trays were also recorded, as the final aspect of the sealed 

tray is considered an important acceptability criterion. 

3.2.5 Microwave Reheating  

Reheating validation was performed to simulate consumer use conditions and assess 

the performance of the tray and valve during microwave reheating after being 

processed in the tunnel. Samples were reheated in the tabletop microwave described 

previously, operating at a fixed setting of 600 watts for 7 minutes. The objective of 

this test was to confirm that the Micvac valve activated correctly by producing a 

whistle, which signaled steam release, while also verifying that the tray did not burst 

or pop during the reheating cycle. This validation ensured that the selected film and 

valve combination could withstand the pressure generated during reheating and 

function reliably under standard domestic conditions. 

3.2.6 Peel Ability 

As mentioned in Section 2.6.4, both instrument-based and user-based evaluation 

methods are considered necessary to assess packaging openability comprehensively. 

In this study, both approaches were applied, and their respective methodologies are 

described below. 

Each tray was filled with 420 g of instant mashed potatoes, prepared with more 

water than the standard instructions to compensate for approximately 5% weight 

loss expected during microwave heating. After filling, the trays were sealed as 

described previously under the established sealing operation window conditions, 

ensuring consistent and reliable package integrity throughout the process. 

3.2.6.1 Instrument-based evaluation 

 

An internal method was developed to assess peel strength (Figure 17), following 

the principles outlined in ASTM F2824 and ISO 17480:2015. The method was 

implemented using an Instron Universal Testing Machine from the 3400 Series, 

equipped with a 100 N load cell to accurately measure low-force opening behavior. 

Although the referenced standards suggest different peel test velocities, a crosshead 

speed of 300 mm/min was selected following ISO 17480:2015, which allows 

flexibility based on packaging characteristics.   

During testing, each tray was secured using a compressed air-based suction system 

to keep it fixed and properly aligned. Additionally, the peel test was conducted at a 
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constant angle of 135° between the packaging components, as recommended in the 

standard. This angle corresponds approximately to a 45° angle on the supporting 

table, closely simulating the natural motion of a consumer opening a sealed lid. 

These conditions were chosen to reflect realistic user interaction while ensuring 

repeatable and standardized measurements. 

 

 

Figure 17. Instrument-based Peel Ability Test 

 

The peel strength profile obtained from this test is illustrated in Figure 18. The graph 

displays two peaks and a flat plateau. The first peak reflects the force needed to start 

peeling, usually higher due to stronger adhesion and greater material resistance at 

the seal’s edge. The plateau represents a steady and controlled peel, indicating 

uniform bonding along the main seal area. The second peak occurs near the end of 

the peel, where geometric factors such as film overlap, residual tension, or material 

buildup increase resistance again. These edge effects, linked to seal design and film 

geometry, contribute to the higher forces observed at both ends (Coles, R., 

McDowell, D., & Kirwan, M. J., 2003). 

 



48 

 

Figure 18. Peel Strength Profile (Brookfield, n.d.) 

 

3.2.6.2 Consumer Evaluation 

 

To complement the instrument-based peel strength testing, a consumer evaluation 

was conducted using a simplified version of the evaluation template provided in 

ISO 17480:2015. In line with the guidance from Section D.2.4.3, the evaluation 

focused specifically on collecting user impressions of the overall experience of 

opening the package. Participants were asked to rate their level of satisfaction after 

opening the tray, providing qualitative insights into the usability and perceived 

accessibility of the packaging. The template used for this assessment is included in 

Appendix B2.1. 
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4 Results and Analysis 

This chapter presents the research findings and is divided into three main sections: 

design criteria, performance of critical parameters, and the final selection matrix. 

The first section outlines the essential design requirements for a mono material PP 

film in the Micvac FlexProcess™. The second section evaluates how each film 

performed against the defined critical parameters, providing a basis for 

comparison. The final section introduces the selection matrix, which integrates all 

findings to identify the most suitable film candidate. 

4.1 Design Criteria 

 

Following a thorough review of the relevant literature and application-specific 

requirements, two essential design criteria were identified for the selection of a 

mono material polypropylene (PP) film suitable for the Micvac FlexProcess™ 

package. These criteria are: (1) understanding product requirements and (2) defining 

processability requirements. Each of these elements plays a crucial role in ensuring 

that the film meets the functional demands of microwaveable packaging while 

aligning with sustainability goals.  

The first essential design criterion focuses on understanding product requirements, 

particularly food safety. The mono material PP film must remain inert during 

microwave heating, meaning it should resist melting, distortion, arcing, or smoking, 

to ensure user safety and maintain product integrity throughout the cooking and 

reheating process. Additionally, the film must preserve food quality by offering a 

good barrier to water vapor and oxygen and preventing the migration of substances 

that could affect flavor, color, or nutritional value, thus ensuring product appeal and 

safety over its shelf life. Compliance with food contact regulations, such as those 

set by the European Union, is required to uphold these standards.  

The second essential design criterion focuses on the process requirements of the 

Micvac FlexProcess™, which dictates the critical material attributes the mono 

material PP film must possess. Throughout the process, the film is exposed to a 
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combination of thermal and pressure-induced stresses during stages such as heat 

sealing, microwave cooking, and vacuum. To meet these demands, the material 

must demonstrate thermal stability, withstanding sealing temperatures while 

forming reliable, hermetic seals. Equally important are the film’s mechanical 

properties, which must ensure it maintains integrity under internal pressure changes 

experienced during microwave cooking, as steam builds up inside and then 

vacuums. The film must be flexible enough to allow controlled expansion 

without compromising seal strength or risking bursting, while also providing 

peelable solutions for consumer convenience. 

4.2 Critical Parameters  

Based on the defined product and process requirements, four main critical 

performance parameters were established to directly evaluate and compare mono 

material PP films for the Micvac FlexProcess™: sealing performance, internal 

pressure resistance, mechanical properties, and peel ability. These parameters 

reflect the necessary balance between process demands, such as seal strength, burst 

resistance, flexibility, and consumer expectations. The results of the tests conducted 

on different film candidates for these four parameters are presented and discussed 

in the following subsections. 

Additional criteria, including recyclability and barrier performance, are 

incorporated later in the evaluation through a scoring matrix to support the final 

material selection. 

4.2.1 Sealing Strength  

Since no direct method was available to measure seal strength in real-time during 

processing, this parameter was evaluated indirectly through the measurement of the 

maximum internal pressure resistance of the sealed packages. The underlying 

assumption was that a stronger seal would correlate with a higher resistance to 

internal pressure, as trays that fail during testing typically burst along the seal, 

indicating that seal failure is the limiting factor under pressure. 

To begin the evaluation, film M20 was selected for a full factorial Design of 

Experiments (DoE) to study the effects of temperature and time on sealing 

performance. The sealing parameters were selected based on the supplier’s sealing 

curve and general processing recommendations. An ANOVA analysis of the 

experimental results confirmed that both temperature and time had a statistically 

significant effect on internal pressure resistance as well as their interaction, 

with p-values below 0.005, as shown in Figure 19.  
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Figure 19. Anova Results Sealing Parameters M20 

 

The resulting predictive model (Figure 20) demonstrated a clear trend: increasing 

both temperature and sealing time will lead to higher internal pressure resistance in 

the sealed trays, following a linear relationship with a strong fit (R² = 0.99). 

 

 

Figure 20. Predictive Model Sealing Strength M20 

 

However, after testing under real conditions, it became evident that at the upper end 

of the sealing range, particularly at 170°C for 5 seconds, the model began to 

overpredict internal pressure resistance, as shown in Figure 21. While the predicted 

values continued to rise, the actual measurements plateaued or slightly declined, 

indicating that the model did not fully reflect the material’s physical limitations, 

such as potential seal weakening under excessive heat. This deviation helped define 

the upper boundary of the sealing window. 
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Figure 21. Real vs Predicted Internal Pressure 

 

To define an effective operating window for sealing mono material PP films, it was 

first necessary to establish a minimum internal gauge pressure resistance threshold. 

This threshold was set at 100 hPa, representing the initial internal pressure resistance 

that a sealed tray must withstand. Although this value decreases during processing 

and reheating, it is expected to remain above the critical levels encountered during 

the microwave cooking and pasteurization phase, and valve activation is done by 

the consumer. Internal pressure during cooking typically reaches around 40 to 50 

hPa, and the valve opening range is approximately 60 to 70 hPa. Therefore, defining 

a threshold of 100 hPa provides a safety margin to account for unknown reductions 

in seal strength. This was particularly relevant as seal failures (bursting trays) had 

been observed in previous development stages when insufficient seal strength was 

achieved. 

Up to this point, all sealing tests were conducted with the film positioned so that the 

machine direction (MD) aligned with the longest side of the tray, and the cross 

direction (CD) with the width. However, it was later observed that most Micvac 

customers seal trays with the film rotated 90°, placing the machine direction across 

the width, as illustrated in Figure 22.  Therefore, it was decided that all subsequent 

tests would be conducted with this realistic sealing orientation to reflect real process 

conditions. While comparison between orientations was outside the scope of this 

work, a general decrease in internal pressure resistance was observed when the film 

was sealed in the most common orientation. 
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Figure 22. Film Orientation Variants in Micvac Tray Sealing 

 

Following the orientation adjustment, updated sealing tests were conducted on film 

M20 to determine the most effective sealing conditions. Based on previous 

experimental results and supplier recommendations, the operation window selected 

for assessment ranged from 155 to 160°C and 2 to 4 s. Across this range, internal 

pressure resistance values consistently exceeded the defined threshold of 100 hPa, 

confirming the suitability of this window for safe and robust sealing performance. 

Conditions beyond this range were avoided, as higher temperatures and longer 

sealing times showed early signs of transitioning the seal from peelable to locked, 

or led to material stress and potential seal degradation, which would compromise 

usability and package integrity. 

A sensitivity analysis using linear regression showed that both temperature and time 

positively influenced internal pressure, with time having a slightly stronger effect 

(sensitivity coefficients: time = 5.14 and temperature = 3.45). The model explained 

65% of the variability in the data (R² = 0.65). Additionally, the average performance 

across tested conditions (Figure 23) confirmed that 160°C for 3 seconds yielded 

the highest and most consistent results, making it a suitable reference for 

further evaluation. 

 

Figure 23. M20 Average internal pressure in its operation window  
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To compare the remaining film candidates under consistent and representative 

conditions, 160°C for 3 seconds was selected as the baseline sealing condition for 

all PP candidates. This choice was based on performance observed in earlier tests 

with M20 and a combination of supplier guidance. While each candidate may 

ultimately require its own optimized sealing window parameters, the selected 

baseline was considered appropriate for this stage of evaluation due to the timeline 

constraints of the project. Therefore, all subsequent assessments, ballooning, 

pressure profiles, and consumer usability were conducted using these sealing 

conditions. 

4.2.2 Internal Pressure Response and Resistance 

The sealed tests at 600 W and 1000 W evaluated how much internal pressure each 

film could withstand under increasing thermal and pressure loads. A higher recorded 

pressure indicates that the film maintained its seal and structure longer before 

bursting. While the available data is not sufficient to statistically confirm significant 

pressure differences among the candidates, and such differences are likely minimal, 

the comparative analysis was still conducted to explore relative performance trends 

and support material selection. 

As seen in Figure 24 the current film reached the highest internal pressure at 600 W 

(19.2 psi), followed closely by M22 (18.9 psi) and M2 (18.8 psi). At 1000 W, M22 

surpassed the current film with a peak pressure of 19.4 psi, suggesting strong 

structural and sealing integrity under elevated stress. In contrast, M21 showed the 

lowest resistance in both tests. 

 

 

Figure 24. Pressure Profiles PP Film Candidates 
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Under vented conditions, internal pressure is limited due to continuous steam 

release, resulting in lower recorded values. Comparing these values to the sealed 

conditions reveals each film’s pressure-withstanding margin. Both M22 and the 

current film exhibited the largest pressure deltas (up to 1.8 psi), suggesting a 

greater capacity to tolerate internal pressure buildup before structural 

compromise. Films like M20 and M21, with lower peak values and smaller deltas, 

may offer less margin for error under real process variability. 

4.2.3 Mechanical Performance  

4.2.3.1 Mechanical Properties Comparison 

 

The current film structure contains polyamide, a material with distinct mechanical 

characteristics compared to the mono material PP candidates evaluated in this study. 

As such, the aim is not to replicate its properties exactly, but rather to use it as a 

baseline reference for what has been proven to perform reliably under the existing 

Micvac FlexProcess™. This comparison provides a meaningful starting point for 

assessing the suitability of alternative structures and supports the interpretation of 

how each candidate film could perform under sealing, handling, and pressure-

related stresses relevant to the process. 

 

Table 5. Film Properties Comparison 

  M2 M20 M22 M23 
Thickness (um) +16% -7% +9% +30% 
Grammage(g/m²) -17% -0.5% -6% +12% 
Tensile strength -MD (MPa) +38% +36% -24% -31% 
Tensile strength -CD (MPa) +166% +146 +27% -2% 
Elongation at break - MD (%) -52% -48% -63 % -63% 
Elongation at break - CD (%) -91% -88% -93% -96% 

 

Key parameters, including mechanical properties such as tensile strength and 

elongation at break in both machine (MD) and cross directions (CD), are shown in 

Table 5, as percentage deviations from the current film. In this context, positive 

deviations represent property values greater than those of the current film, while 

negative deviations indicate reduced values. The data was provided by the 

respective suppliers for all films except M21, for which no data was shared.  

The table highlights clear differences between the candidate films and the current 

reference. M2 and M20 show substantially higher tensile strength, particularly in 

the cross direction (CD), with increases of over 145% and 165%, respectively, 
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relative to the current film. This indicates a significantly stiffer material, which may 

resist deformation more effectively but could also significantly reduce flexibility. 

Conversely, all candidates exhibit notably lower elongation at break, especially in 

the cross direction, with the most pronounced reductions ranging from 89% to 96%. 

This suggests a most likely significantly reduced ability to stretch under mechanical 

stress, which may affect the film's response during pressure buildup in microwave 

heating. Overall, these differences reflect varied mechanical behaviors that must be 

weighed according to the specific requirements of the Micvac FlexProcess™. 

4.2.3.2 Ballooning Behavior 

 

Ballooning is a critical functional characteristic in the Micvac FlexProcess™, as it 

reflects the film’s ability to stretch and accommodate steam buildup without 

rupturing or compromising the seal. The resulting ballooning profiles, presented in 

Figure 25, offer a comparative visual representation of the films' expansion behavior 

and deformation under pressure in the center of the trays. 

 

 

Figure 25. Ballooning behavior PP Film Candidates 

 

The candidate films' ballooning profiles reveal notable differences in expansion and 

recovery dynamics. The current film reaches the highest peak height, approximately 

2.9 mm, followed closely by M22 and M23, around 2.5 and 2.7 mm. In contrast, 

M2 and M20 show significantly lower maximum expansion, remaining around 2 

mm, suggesting a lower ability to stretch under steam pressure compared with the 

other films. M21 demonstrates moderate ballooning performance, maintaining 

consistent height throughout the holding phase.  



57 

The current film and M23 showed the most similar overall behavior, with high 

peak heights and a balanced deflation phase. M22 reached a comparable peak 

height, displaying a rapid expansion rate, with a steep rise early in the heating phase, 

followed by a fast recovery. M2 and M20 exhibited both limited expansion and slow 

recovery, suggesting a more rigid response to internal pressure. M21 reached a 

moderate peak height and recovered more gradually but returned closer to its 

original shape with minimal deformation. 

4.2.4 Processability 

For the pilot tunnel trials, M20 and M22 were selected for further testing in the 

Micvac microwave tunnel to evaluate their process behavior, based on their earlier 

performance in seal strength, pressure resistance, and peel ability. As seen in Figure 

26 each tray was filled with colored water, blue for M20 and pink for M22, to ensure 

proper detection by the tunnel's sensor system and to facilitate visual comparison 

through the internal camera during processing. This setup was used to investigate 

how the previously defined critical parameters, particularly ballooning behavior, 

influence process robustness, with a specific focus on the valve application stage, 

where pressure buildup and film flexibility play a crucial role in achieving proper 

vacuum formation. 

 

  

Figure 26.  Visual identification of trays for tunnel testing (M22: 

Pink, M20: Blue) 

 

Figure 27 presents a side-by-side evaluation of M22 and M20 films across three 

critical stages of the Micvac FlexProcess™ tunnel testing: 

(a) Ballooning behavior inside the tunnel after microwave cooking, where M22 

visibly inflates more than M20, confirming prior lab observations, although precise 

quantification was not possible using available tools. 

(b) Stamp application phase, where the interaction between the domed lid and the 

valve applicator is visible. M22 appeared to undergo a smoother application process 
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than M20, potentially due to its more pronounced ballooning, which may have 

provided a more stable surface for valve contact. Despite height adjustments for 

M20, the outcomes remained unsatisfactory. 

(c) Vacuum appearance immediately after tunnel exit, where M22 maintained 

consistent vacuum formation across units, in contrast to M20, which demonstrated 

limited performance with several trays failing to collapse (lighter blue samples). 

M22 M20 

  

(a) 

  

(b) 

   

(c) 

Figure 27. Parallel Comparison of Tunnel Performance for M22 and M20 Across Key Stages 

(a) Ballooning behavior inside the tunnel after microwave cooking 

(b) Valve application  

(c) Exiting the tunnel 
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Although M22 exhibited satisfactory behavior, with less than a 5% defect (Figure 28), the 

limited batch size used in the trials was insufficient to determine whether the 1% defect rate 

threshold was met.  

 

 

Figure 28. M22 Vacuum appears at the tunnel exit 

4.2.5 Vacuum Appearance 

Table 6. Lid Deflection PP Films                                        
 

M22 M20 

 Lid Bottom Lid Bottom 

Sample 1 1.6 1.8 1.5 1.6 

Sample 2 1.6 1.8 1.5 1.6 

Sample 3 1.6 1.8 1.5 1.6 

 

Table 6 presents the lid deflection and bottom deformation measurements of PP 

films M22 and M20 after processing, offering insights into the degree of structural 

deformation of each film and the corresponding tray during the microwave cooking. 

Both films maintained a good overall visual appearance. Notably, the sides of the 

trays did not collapse in any of the samples. The appearance was comparable to that 

of the current reference film, which is a positive outcome. This indicates that both 

M22 and M20 are suitable from an aesthetic standpoint. 

Given that water is incompressible, even slight variations in fill volume can result 

in significant internal pressure changes during heating. In sealed packaging, this 

pressure is often relieved through deformation of the container, such as bulging of 

the lid or bottom. Therefore, the observed differences in deflection between M22 

and M20 may not solely be attributed to the material properties of the films but 

could also result from minor fill volume discrepancies or other subtle factors 

influencing pressure distribution and accommodation within the packaging system, 

which are not visible (Fu, 2018). 
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4.2.6 Reheating Performance  

Reheating performance was assessed using two types of samples. The first set, 

prepared in the laboratory, contained mashed potatoes to simulate realistic product 

conditions. The second set consisted of samples filled with water, taken from the 

previously described tunnel trials. The evaluation focused on three main indicators: 

whether the tray popped, whether the valve emitted a whistling sound, and, for the 

tunnel trial samples, the valve’s opening pressure. These observations offered 

valuable insights into the functional performance of each film during reheating. 

 

Table 7. Reheating Performance Mash Potatoes Trays 

 M22 M20 
 

Whistled? Popped? Whistled? Popped? 

Sample 1 Yes Yes Yes No 

Sample 2 No No Yes (low) No 

Sample 3 No No Yes No 

 

Table 8. Reheating Performance Tunnel Trays 

 M22 M20 
 

Opening 

Pressure 

(hPa) 

Whistled? Popped? Opening 

Pressure 

(hPa) 

Whistled? Popped? 

Sample 1 68 Yes No 67 Yes No 

Sample 2 70 Yes Yes 73 Yes No 

Sample 3 77 Yes No 56 No No 

 

Table 7 and Table 8 present the reheating performance results for films M22 and 

M20, tested under identical microwave conditions (600 W for 7 minutes). For the 

mashed potato samples (Table 7), film M22 showed limited valve activation, with 

whistling observed in only in one sample that popped. In contrast, M20 exhibited 

whistling in all three samples, and no tray popping. In the tunnel samples (Table 

8), both films demonstrated reliable valve activation. M22 whistled in all three 

samples and popped once, with an average valve opening pressure of 72 kPa (range: 

68–77 kPa). M20 whistled in two of the three samples and showed no popping, with 

a slightly lower average opening pressure of 65 kPa (range: 56–73 kPa). 
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4.2.7 Peel Ability 

The films M20, M22, and M21 were chosen to represent their respective suppliers. 

The selection of M20 and M22 was guided by supplier-provided sealing curves, 

which indicated stronger seal performance within the operating range, as well as 

mechanical properties that were most likely to align with the demands of the 

process. Additionally, these three candidates covered a representative range of 

ballooning behaviors, from limited to moderate to high expansion, since it was still 

uncertain which performance profile would be most favorable for the Micvac 

FlexProcess™. 

4.2.7.1 Machine Assessment 

 

Table 9. Comparison of Initial and Continuous Peel Forces Across Film Candidates 

Film Peak Load (N) Mean Peel Force (N) 

Current 19.7 8.0 

M20 20 4.0 

M22 8.4 5.5 

M21 18.7 6.0 

 

The peel ability performance of the three candidate films, benchmarked against the 

current film, is summarized in Table 9, presenting both the peak opening force, the 

initial effort required to initiate peel, and the mean peel force (also known as average 

load), the average force across the plateau region during continuous peeling. 

Detailed force displacement profiles for each replicate are included in Appendix B.1 

to support visual comparison and evaluation of peel behavior. 

In the context of user capability, peeling force is a key factor in perceived usability. 

As previously described in Section 2.6.2, research suggests that while most adults 

can exert between 15 to 25 N comfortably, forces up to 35 N are still considered 

peelable for many users. The current film exhibited a peak opening force of 19.7 

N and an average peel force of 8.0 N, delivering a smooth and stable peeling 

profile. This level of resistance falls within the acceptable range and represents the 

baseline for packaging currently used in the Micvac packaging system.  

M20 recorded the highest peak opening force (20.0 N), slightly above the current 

film, and its peel profiles showed irregular behavior marked by a mix of adhesive 

and cohesive failures (Shrivastava, 2018b), suggesting delamination or structural 

separation within the film, rather than a clean peel along the seal interface. This type 

of failure is generally undesirable, as it can compromise package appearance and 

usability. M22 displayed the lowest peak opening force (8.4 N) and a moderate 
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peel force (5.5 N), indicating the easiest opening experience of all candidates. 

Its smooth plateau suggests a clean adhesive separation, though the low initiation 

force may raise concerns about premature opening during reheating and handling. 

M21, with a peak force of 18.7 N and peel force of 6.0 N, showed a mostly consistent 

peel profile, but one replicate revealed instability, raising questions about its 

robustness across units. 

Overall, while all three candidates fall within a broadly acceptable range of peel 

forces for adult users, the variability in peel behavior, particularly with M20, 

highlights the need for further validation before confirming consistent performance 

under real conditions. 

4.2.7.2 Consumer  

 

The user satisfaction survey gathered responses from 14 participants, most within 

the 20 to 40 age range, aligning with Micvac’s primary target consumer 

demographic. When evaluating satisfaction with opening performance. Packaging 

A (current) received the most favorable user feedback, with over 70% of 

participants reporting satisfaction. Packaging C (M22) showed a polarized 

response, while over a third of users were extremely satisfied, a similar share 

reported dissatisfaction. Packaging B (M20) had the most neutral distribution, 

suggesting moderate usability without strong positive or negative reactions. These 

results highlight the importance of balancing instrument measurements with 

consumer perception. 

Open-ended responses provided further insights into user experiences with the 

opening process. Packaging C (M22) received the most positive mentions for 

ease of opening, though one participant noted it opened too easily, and another 

mentioned the tray was already opened, potentially leading to the previously 

described consumer rejection. Multiple users mentioned issues with Packaging B 

(M20), including layer separation and a non-smooth peel, which aligns with earlier 

peel ability observations of mixed adhesive/cohesive failure. Packaging A (current 

film) was generally seen as acceptable, though some users mentioned initial 

resistance before a smooth peel. These qualitative insights reinforce the trends 

observed in the quantitative results of peel force data. 

The peel angle was not explicitly validated during the consumer test, but participants 

likely used a 45-degree angle similar to the machine test, as the presence of an 

opening flap naturally guided them to pull in that direction. While this suggests 

some alignment between both methods, it cannot be confirmed. That’s why it’s 

important to conduct both machine and consumer tests: the machine provides a 

consistent benchmark, but consumer tests are essential to evaluate real-life opening 

forces and overall user satisfaction. 
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4.3 Selection Matrix 

Table 10 presents the selection matrix developed using the Ulrich and Eppinger 

method to evaluate three film candidates, M20, M22, and M21, each sourced from 

a different supplier. The evaluation criteria were grouped into three main categories: 

Functionality (63%), Financial (25%), and Logistics and Supplier (12%). 

Each film was assessed relative to the current baseline material, using a normalized 

rating scale where: 

 

• 0.8 indicates worse performance, 

• 1.0 represents neutral or baseline-level performance, and 

• 1.2 reflects better performance. 

 

These ratings were derived from experimental results, qualitative observations, and 

available data. The ratings were then multiplied by their respective weights to 

calculate weighted scores, providing a comprehensive view of each film’s overall 

suitability for the intended application. 

 

It is important to note that zero scores were assigned in cases where the supplier did 

not provide data, and these do not necessarily indicate poor performance, but rather 

a lack of available information. 
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Table 10. Comparative Evaluation of Lid Film Candidates Based on Weighted Performance Criteria 
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5 Discussion 

This chapter discusses the main findings by answering research questions using 

experimental data, process insights, and literature. It evaluates the performance of 

the mono material PP films in relation to Micvac FlexProcess™ requirements and 

explains how the selection matrix supported the final material comparison. 

 

RQ1: What are the essential design criteria for a mono material PP film in the 

Micvac FlexProcess™ package? 

A key step in this study was the definition of two essential design criteria for mono 

material PP lid films: understanding product requirements and aligning with 

process conditions. This structured approach allowed for targeted testing and more 

accurate comparisons between candidates. By combining data-driven methods with 

literature insights, the evaluation considered both material attributes (like 

mechanical properties and cost) and their practical relevance during sealing, in-pack 

cooking, and consumer reheating. This ensured that the selection process was not 

only technically sound but also application-focused, as recommended in packaging 

development literature (Auras, 2006; Robertson, 2016). 

 

RQ2: What critical parameters must be considered to validate the 

performance of the new lid film? 

To translate the essential design criteria into actionable testing, four critical 

performance parameters were defined: sealing performance, internal pressure 

resistance, mechanical properties, and peel ability. These parameters were 

selected to capture the complex demands placed on the lid film throughout the 

Micvac FlexProcess™, where it must endure heat, pressure, vacuum, and user 

handling. Together, they reflect the necessary balance between process performance 

(such as seal integrity, ballooning behavior, and burst resistance) and consumer-

facing requirements like ease of opening and perceived quality. 

In addition to these core functional aspects, the parameters were evaluated across 

broader dimensions including processability (performance within sealing and 

microwave tunnel stages), reheating behavior (how the film responds under 

consumer microwave use), and compatibility with the packaging system 
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(interaction with tray, valve, and vacuum formation). These contextual factors were 

essential in validating how well each film candidate would perform not just in 

isolated tests, but as part of the complete packaging solution. 

 

RQ3: How do the available PP films compare in terms of the critical 

parameters? 

In the Micvac in-pack cooking process, the lid film must undergo two key 

mechanical responses: expansion to accommodate steam pressure during cooking 

(ballooning) and contraction under vacuum during cooling. These behaviors require 

a film that is not only strong but also flexible and thermally responsive. Notably, 

M20 and M22, the two leading candidates, demonstrated contrasting responses: 

M20, despite being thinner, showed limited expansion due to higher stiffness, while 

M22 exhibited greater ballooning and quicker recovery, likely due to better 

deformation capacity under thermal load. This suggests that film performance, 

especially under heat, is more influenced by the interplay of layer composition 

and sealant design than by thickness alone. 

This finding challenges the assumption that high elongation at break or lower 

thickness alone drives ballooning performance. While M22 had significantly lower 

elongation values than the current film, it still outperformed M20 in ballooning, 

indicating that factors like lower stiffness and thermal softening behavior are more 

critical. Literature supports this interpretation, highlighting that ballooning and seal 

conformity in microwaveable applications depend more on flexural response and 

viscoelastic behavior under heat than static mechanical strength (Auras, 2006; Breil, 

2010). 

Beyond ballooning performance and mechanical flexibility, sealing behavior also 

proved essential for overall film evaluation. In the Micvac FlexProcess™, the lid 

must form a strong seal during processing, withstand internal steam pressure, 

maintain vacuum integrity after cooling, and still release safely and easily during 

consumer reheating. These multiple functional demands highlight the importance of 

the peel-seal layer, which governs not only the seal strength but also the mode and 

stability of opening under real-use conditions. 

Peelable seal systems generally fall into three categories: adhesive, cohesive, and 

delaminating peels. Adhesive peels allow clean opening but are sensitive to sealing 

conditions (Robertson, 2016); cohesive peels fail within the sealant layer, offering 

stronger bonds and broader process windows (Auras, 2006); delaminating peels 

involve a full layer separation and can resist pressure, but may open abruptly (Yam, 

2009). 

Based on observed behavior and technical knowledge, M20 likely used a cohesive 

peel system, incorporating a polybutene-based layer. This provided high seal 

strength and thermal stability but led to poor peel ability and internal tearing. M22, 

by contrast, appeared to rely on a terpolymer adhesive peel, which enabled a clean, 
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user-friendly opening and performed well in pressure resistance testing before 

thermal stress.  

However, consumer reheating tests revealed seal failures in M22, including tray 

popping and missing valve activation. These failures indicate that while M22 

performed reliably in sealing and vacuum formation, its adhesive peel system may 

have lacked the thermal resilience to maintain integrity under prolonged heating. 

This highlights a common challenge in peelable packaging design: the interface 

must be weak enough to open easily, yet strong enough to hold until the valve 

activates. Literature supports this interpretation. (Yam, 2009) and (Wiles, D. M. & 

Scott, G., 2006) note that adhesive peels are more vulnerable to dynamic weakening 

and stress cracking under heat and moisture exposure. In M22’s case, even minor 

inconsistencies in seal uniformity or thermal softening could explain premature 

ruptures during reheating. 

In contrast, M20’s cohesive seal, though harder to open, remained intact through all 

stages. This trade-off between seal robustness and consumer usability is central to 

designing mono material films for microwaveable vacuum systems. A film may 

excel in tunnel sealing but fail in real-use reheating unless its seal chemistry, thermal 

behavior, and mechanical flexibility are all aligned. 

In summary, seal performance must be assessed not only by initial seal strength and 

bursting pressure but also across the entire product lifecycle. These findings 

emphasize that sealing success in the Micvac FlexProcess™ is governed by the 

complex interaction between peel mechanism, thermal behavior, and structural 

flexibility, factors that must be holistically evaluated when transitioning to mono 

material solutions.  

 

RQ4: What methodology can be used to develop a selection matrix for 

identifying the most suitable PP film? 

To compare these multifaceted trade-offs in a structured way, the study employed a 

selection matrix that consolidated the technical findings with supplier data. Rather 

than focusing solely on functionality, the matrix helped contextualize how each 

candidate aligned with real process demands, consumer expectations, and 

operational feasibility. 

The Ulrich and Eppinger method was well-suited for this study as it provides 

a structured and objective approach for evaluating alternatives across multiple 

criteria. Its strength lies in converting qualitative judgments into quantifiable 

weighted scores, enabling objective comparison across diverse attributes. In this 

case, it allowed the integration of both measurable test results (e.g., internal pressure 

resistance, tensile strength) and qualitative factors (e.g., consumer acceptability, 

supplier responsiveness) into a unified scoring framework. This made it possible to 

evaluate trade-offs clearly and select the most suitable PP film based on the full 

range of technical and practical demands of the Micvac FlexProcess™. 
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Special attention was given to mechanical and thermal properties, which were 

assigned the highest individual weight within the matrix (32%). This reflects their 

critical role in determining processability. Although tensile strength and elongation 

at break were among the few mechanical indicators available from suppliers, the 

study found that these metrics alone were insufficient to reliably predict ballooning 

behavior. Nevertheless, tensile strength was weighed more heavily in the scoring, 

based on the observed trend that less stiff films, those more prone to deformation, 

tended to balloon more effectively under microwave-induced pressure. While 

mechanical testing at elevated temperatures could provide a more accurate 

assessment of in-process behavior, the available data allowed for useful 

differentiation among candidates. Future evaluations could benefit from 

incorporating parameters like storage modulus, which reflects the elastic portion of 

a material’s viscoelastic behavior and indicates how much energy is stored and 

recovered under thermal (100 °C) and dynamic conditions relevant to in-pack 

cooking (Menard, 2008). 

 

Purpose: Which mono material PP film is best suited for the Micvac 

FlexProcess™ based on the defined criteria and validation results? 

 

M22 emerged as the top-scoring candidate, standing out for its strong 

compatibility with the process, particularly its ballooning capacity, favorable 

consumer usability, and price. While it showed some limitations during reheating 

and issues with valve compatibility, its overall balance of technical performance and 

user appeal set it apart. 

M20 followed closely, with notable strengths in pressure resistance and valve 

compatibility. However, its stiffness and difficulty in peeling made it less user-

friendly and harder to work with during the process. M21 ranked lowest, primarily 

due to inconsistent results and a lack of technical data, which limited its evaluation. 

Although cost factors contributed 25% of the total score, they did not dominate the 

selection process. This reflects that technical performance is essential and cannot be 

sacrificed for lower cost. Similarly, recyclability, though a core consideration, acted 

more as a qualifying requirement than a differentiator, since all films are mono 

materials designed to comply with emerging regulatory standards (see section 

2.7.2). The score was based on documentation and supplier declarations. 

Overall, the matrix supported structured, evidence-based decision-making by 

highlighting real-world trade-offs. While no candidate was flawless, M22 

demonstrated the most favorable combination of properties, positioning it as the 

lead choice for further testing and refinement. 
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6 Conclusions, Limitations, and 

Recommendations 

This chapter presents the conclusions drawn from this research, reflecting on how 

the purpose was addressed through the applied methodology, including its 

limitations. Finally, recommendations are provided to guide future studies and 

support the continued development and implementation of mono material PP films 

in microwaveable in-pack cooking systems. 

 

6.1 Conclusions and Limitations 

The objective of this thesis was to identify and validate a suitable mono material 

polypropylene (PP) lid film for use in the Micvac FlexProcess™ packaging system. 

This was achieved by establishing essential design criteria, defining critical 

performance parameters, and applying a structured selection methodology 

supported by both experimental testing and literature insights. The study focused on 

ensuring that candidate films could meet not only technical demands, such as sealing 

integrity, ballooning capacity, and peel ability, but also broader sustainability and 

economic goals associated with mono material packaging transitions. 

The applied methodology proved effective in addressing the research purpose. 

Through iterative testing, pressure simulations, peel ability profiling, and tunnel 

validation trials, key behaviors such as pressure resistance, mechanical response, 

and consumer usability were captured and used to distinguish between candidate 

films. The integration of qualitative factors, like user feedback and supplier 

interaction, into a weighted selection matrix enabled a balanced decision-making 

process, ultimately identifying M22 as the most promising candidate despite its 

noted weaknesses during reheating and valve incompatibility. 

However, several limitations were encountered during the research. Due to trial 

availability, logistical limitations, and time constraints, only one candidate film per 

supplier was selected for further evaluation and matrix scoring, including peel 

ability and processability testing.  
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Additionally, as Micvac is not the producer of the films, access to detailed material 

compositions, production methods, and seal layer technologies was restricted due to 

supplier confidentiality. This hindered a deeper understanding of performance 

differences across films. In addition, the absence of advanced material 

characterization techniques limited the ability to precisely evaluate thermal 

transitions and stiffness under realistic cooking conditions. Mechanical property 

data were based on room-temperature measurements provided by suppliers, which 

may not accurately reflect film behavior during microwave processing. 

Despite these limitations, the methodology succeeded in narrowing the 

candidate pool, revealing important process-material interactions, and 

proposing a validated direction for future development. The findings emphasize 

the importance of a system-level perspective, considering sealing behavior, thermal 

response, and end-user interaction, when designing mono material lidding films for 

complex packaging processes like Micvac. 

6.2 Recommendations 

While the methodology applied in this study offered valuable insights into film 

performance under simulated process conditions, several improvements are 

recommended to strengthen future evaluations and guide further material 

development. 

 

1. Conduct tunnel trials using trays filled with actual food products. 

To better replicate real processing behavior, it is advisable to move beyond water-

filled trays and conduct tunnel tests using trays containing representative food 

formulations. The thermal response of food differs significantly from that of 

water due to its lower free moisture content, complex thermal mass, and 

greater enthalpy variability, all of which influence how heat is absorbed and 

converted into internal steam pressure during microwave heating (Rahman, 2013; 

Tang et al., 2018)(Tang et al., 2008; Rahman, 2009). Food tends to generate steam 

more slowly and unevenly, potentially reducing the rate and extent of ballooning 

before valve activation (Zhao et al., 2013). Additionally, steam condensation and 

cooling behavior vary due to moisture binding and structural differences in food, 

which can affect vacuum formation and retention. 

Free fatty acids (FFAs), commonly present in foods like tomato-based sauces 

(common ingredient in ready meals), can interact with polypropylene (PP) 

packaging films, leading to alterations in the film's properties. While PP is generally 

resistant to chemical reactions due to its non-polar nature, FFAs can physically 

migrate into the polymer matrix, especially under elevated temperatures. This 

migration can cause swelling or plasticization of the PP, resulting in reduced 
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mechanical strength and compromised barrier properties. Such changes can 

adversely affect the sealing performance of the packaging, potentially leading to 

seal failures or the reduced shelf life of the product. Therefore, when packaging fatty 

foods, it's crucial to consider these interactions to ensure the integrity and safety of 

the packaged product (Gupta et al., 2024). 

 

2. Define and validate the sealing operation window individually for each 

film. 

Each film's sealing technology, whether adhesive, cohesive, or delaminating, plays 

a critical role in how the film responds to sealing temperature, pressure, and dwell 

time. Even when films share a similar polypropylene base, differences in seal layer 

design, surface energy, and thermal responsiveness can significantly affect sealing 

performance. As a result, the sealing operation window must be determined 

individually for each candidate, rather than assumed to be interchangeable. 

Although supplier-provided sealing curves offer a helpful baseline, they are 

typically generated under standardized laboratory conditions that do not fully reflect 

real industrial environments. Moreover, mono material films tend to have narrower 

sealing windows than traditional multi-material structures, due to fewer functional 

layers and a reduced tolerance to over- or under-sealing. 

To accurately define an operation window, it is essential to consider actual surface 

pressure applied by sealing equipment, the real thermal effectiveness (e.g., heat 

penetration and transfer during contact sealing), and the true dwell time. Without 

this detailed understanding, films risk underperforming in terms of seal strength, 

vacuum retention, or peel ability, even if initial lab-based sealing tests appear 

favorable. 

 

3. Expand material characterization techniques. 

To improve understanding of how films behave under thermal and mechanical 

stress, future evaluations should incorporate advanced characterization tools such 

as Dynamic Mechanical Analysis (DMA) and Differential Scanning 

Calorimetry (DSC). These techniques enable direct measurement of properties 

such as storage modulus, glass transition, and thermal softening, which are highly 

relevant to in-pack cooking environments (Menard, 2008). Measuring mechanical 

behavior at elevated temperatures would offer more meaningful insight into 

ballooning performance and seal reliability than ambient tensile data alone 

(MENCZEL & PRIME, 2009). 
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4. Strengthen supplier collaboration and material transparency. 

Given that Micvac is not the film manufacturer, close cooperation with suppliers is 

essential. Key aspects such as seal layer composition, film orientation, and adhesive 

vs. cohesive peel mechanisms were not fully disclosed, limiting the precision of 

material interpretation. Future projects would benefit from greater transparency 

or non-disclosure agreements to facilitate deeper technical collaboration and 

faster material development cycles. 

 

5. Validate barrier performance post-processing. 

Compared to the current film, the selected candidates exhibited lower transmission 

rates, which theoretically suggests improved shelf-life. However, since the barrier 

polymer is highly affine to water, its performance may be altered under thermal 

processing conditions (Parkinson Technologies, 2023). This moisture interaction 

can reduce the material’s effective barrier properties compared to the values 

reported in technical datasheets. To ensure compliance with shelf-life expectations, 

it is recommended to either conduct targeted shelf-life studies or analyze barrier 

integrity after processing (Abdellatief & Welt, 2013). 

 

6. Expand consumer usability testing for peel ability. 

While a preliminary user satisfaction survey was conducted, future efforts should 

include larger, more demographically diverse panels to better represent end-users. 

Since peel force perception can vary with age, hand strength, and context of use, 

broader testing will help ensure the selected film meets usability expectations across 

market segments. 

 

Together, these recommendations aim to improve the technical rigor and real-

world applicability of Mono Material Lid Film Selection for Ready Meals. 
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Appendix A Project plan and 

outcome 

The initial project plan is presented in Figure A.1. The overall structure of the 

timeline was maintained throughout the process. In week 3, it was decided in 

agreement with the company supervisor that step 4 would be carried out in parallel 

with steps 2 and 3, forming a feedback loop that aligned with the iterative 

methodology used in the project, enabling continuous refinement and informed 

decision-making throughout the process. 

Throughout the timeline, meetings with the supervisor were regularly held, and 

some sessions with technical experts were also conducted to support critical 

decisions and ensure alignment. These touchpoints contributed to keeping the 

project on track. Overall, the project was successfully managed, challenges were 

addressed as they arose, and additional effort was made when necessary to meet the 

established goals. 

 

TASK TASK START DUE DURATION 

ID TITLE DATE DATE IN DAYS 

1 Review and Define Design Criteria 1/21/2025 1/31/2025 10 

1.1 
In-depth review of existing design 

criteria for mono material films. 
01/21/25 01/30/25 8 

1.2 
Specifications and requirements for the 

FlexProcess 
01/28/25 01/30/25 3 

1.3 Key findings deliverable stage 1 01/29/25 01/31/25 3 

2 
Determine the critical parameters for 

validation 
02/03/25 02/28/25 20 

2.1 Mechanical properties 02/03/25 02/14/25 10 

2.2 Midterm deliverable stage 2 02/14/25 02/17/25 2 
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2.3 Barrier properties  02/17/25 02/19/25 3 

2.4 
Processability 

Recyclability 
02/19/25 02/24/25 5 

2.5 Cost 02/19/25 02/26/25 7 

2.6 Key Findings deliverable stage 2 02/26/25 02/28/25 2 

3 Selection Matrix 03/03/25 03/14/25 11 

3.1 

Design selection matrix comparing 

materials, prioritizing: Functionality, Cost, 

and Barrier Properties 

03/03/25 03/11/25 8 

3.2 Key Findings deliverable stage 3 03/12/25 03/14/25 2 

4 Characterization & Trials 03/17/25 04/30/25 44 

4.1 Film characterization  03/17/25 04/04/25 18 

4.2 Midterm deliverable stage 4 04/04/25 04/09/25 5 

4.3 Film trials in tunnel & characterization 04/07/25 04/23/25 16 

4.4 
Matrix Scorecard Evaluation 

Methodology 
04/23/25 04/30/25 7 

4.5 Key Findings deliverable stage 4 04/28/25 04/30/25 2 

5 Propose PP film  05/01/25 05/09/25 8 

5.1 
Recommend the most suitable mono 

material PP film 
05/01/25 05/09/25 8 

6 Final Report 04/28/25 05/31/25 33 

6.1 
Compile a final, comprehensive written 

report  
04/28/25 05/15/25 17 

6.2 Key Findings deliverable stage 4&5 04/28/25 05/07/25 9 

6.3 Approval final report by Mic vac 04/28/25 05/15/25 17 

6.3 Write opposition 05/19/25 05/30/25 11 
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Appendix B Peel ability  

B.1 Peel Strength Instron Profiles 
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Figure B. 1 Peel Strength Profiles Current Film  
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(c) 

Figure B. 2 Peel Strength Profiles M20 
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(c) 

Figure B. 3 Peel Strength Profiles M22 
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(c) 

Figure B. 4 Peel Strength Profiles M21 
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B.2 Consumer test 

The satisfaction survey on the opening experience was conducted using Microsoft 

Forms and shared with individuals working at the company through a QR code. 

Participants evaluated four anonymized lid films labeled as A (current film), B 

(M20), C (M22), and D (M21). The original questionnaire used for the evaluation 

is presented below for reference. 

B.2.1 Satisfaction with Opening Survey 
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B.2.2 Survey Results 
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