Unveiling the Mysteries: The Time and
Temperature Dependent Behaviour of
Laminated Amorphous Polymers

Amorphous polymers, with their unique properties and versatile applications,
have been widely used in various industries ranging from packaging and
construction to electronics and automotive. Among the different forms of
amorphous polymers, laminated structures stand out due to their enhanced
performance and structural integrity. Understanding the time and temperature-
dependent behavior of these laminated amorphous polymers is crucial for

optimizing their design and performance.

Exploring the Concept of Laminated Amorphous Polymers

Laminated amorphous polymers are composed of multiple layers of amorphous
polymers stacked together, often with special adhesives or interlayers. This
construction provides several advantages over homogeneous amorphous
polymers. The layers can be tailored to have different properties, such as
mechanical strength, flexibility, and transparency. The combination of diverse
layers allows laminated polymers to withstand a wider range of mechanical and

environmental stresses, making them ideal for demanding applications.

The Influence of Time on the Behavior of Laminated Amorphous
Polymers

As with any material, the behavior of laminated amorphous polymers changes
over time. This phenomenon, known as time-dependent creep, can significantly
affect the mechanical properties and overall performance of the laminated
structure. Creep occurs due to the rearrangement of the polymer chains under a

constant load, causing gradual deformation over time. The rate of creep is



influenced by factors such as temperature, stress levels, and material

composition.
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Understanding the time-dependent behavior of laminated amorphous polymers is
crucial for predicting their long-term structural stability. Researchers have
developed mathematical models such as the viscoelastic creep equation to
characterize and predict this deformation over extended periods. By considering
the interaction between the polymer chains and the external load, these models
enable engineers to accurately estimate the lifespan and durability of laminated

amorphous polymer structures.

The Role of Temperature in the Behavior of Laminated Amorphous
Polymers

In addition to time, temperature plays a significant role in the behavior of
laminated amorphous polymers. Thermomechanical properties such as glass
transition temperature (Tg) and coefficient of thermal expansion (CTE) dictate the

performance under varying temperatures. These properties are known to vary
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between the different layers of laminated amorphous polymers, depending on

their composition and manufacturing process.

At temperatures below the glass transition temperature, the polymers are rigid
and can withstand higher stress levels without significant deformation. However,
as the temperature approaches or exceeds the Tg, the amorphous polymers
transition from a glassy state to a more rubbery or viscous state, undergoing
significant dimensional changes. This transition can lead to increased creep and
reduced structural integrity, emphasizing the importance of understanding the

temperature dependency of laminated amorphous polymers.
Applications and Future Perspectives

Laminated amorphous polymers find applications in a wide range of industries
due to their unique combination of properties and versatility. The ability to tailor
the properties of each layer enables manufacturers to design materials that meet
specific requirements, such as UV resistance, fire retardancy, and high
mechanical strength. From architectural glazing to display devices, laminated
amorphous polymers play a crucial role in enhancing safety, aesthetics, and

functionality.

Going forward, further research and advancements in the understanding of the
time and temperature-dependent behavior of laminated amorphous polymers will
drive the development of improved materials and design methodologies.
Incorporating advanced testing techniques, such as dynamic mechanical analysis
and thermal cycling, will provide valuable insights into the behavior of laminated

amorphous polymers under realistic conditions.

In, laminated amorphous polymers offer unique possibilities for various industries

due to their enhanced properties and design flexibility. Understanding the time



and temperature-dependent behavior of these materials is fundamental for
optimizing their performance and durability. By delving deeper into the mysteries
of laminated amorphous polymers, researchers and engineers can pave the way

for innovative solutions and brighter future applications.
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The thesis investigates a polymeric laminate consisting of poly(methyl
methacrylate) (PMMA) and thermoplastic polyurethane (TPU) experimentally and
numerically with regard to its impact behaviour and applicability. After a basic
characterization of the monolithic materials, PMMA-TPU-PMMA laminates were
subjected to impact loadings at velocities up to 5 m/s using threepoint bending
and dart impact tests. Based on the experimental basis, different material models
for the Finite Element simulation are presented, which are able to capture the
time and temperature dependent behaviour of the laminate. Final validation
experiments, consisting of head-dummy impacts at 10 m/s on automotive side
windows, were conducted for PMMA and the laminate in order to investigate their

applicability as glass substitution products.
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