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MINOR
MATERIALS FOR THE DESIGN OF THE
FUTURE

The aircraft and automotive industries are among the

leading industries for new developments in terms of

innovative materials and technologies, and many of them

are based on polymers.

This minor combines both aspects: it is about the

development of innovative materials in combination with

special technological functionalities.

In this module, the students will learn

1. How the combination of different materials creates
new functionalities,

2. How the nature of a material determines the
structure of the interface,

3. How the interface structure determines the
properties of the composite,

4. How macroscopic as well as microscopic
characteristics of materials are related to their property
profiles,
 
5. How versatile polymers are in terms of properties
and applications.
 
 
 
 
 

6. How to improve the sustainability of polymeric materials, 
and how to recycle them.



 

The module requires a basic understanding of
materials. This knowledge is complimented by
dedicated classes on composite materials on nano, mi­
cro and macro scale, including innovative material
functionalities as e.g. actuating and sensoring. This
HTHT module has a strong link to current industrial re­
search through the input from invited speakers from
industry.
 
Within this minor, you will learn how to design
materials for special properties and functionalities. One
example are electrically conductive polymers, which
can be realized by using a functional additive or a
tailored polymeric structure that provides this special
property to the material. Such a conductive polymer
can act as a sensor in a product, allowing to monitor
the state of this product to e.g. predict failure. Other
examples are design for self-healing and recycling. You
will get theoretical knowledge to develop these
functionalities in the lectures, with contributions from
industrial as well as academic experts.
   
The module starts with two courses, Interfaces and
Interactions in Composite materials (IICM) and Physical
Chemistry of Interfaces (PCI). Students who already
followed PCI can still attend, but they will follow the
class on Chemistry and Technology of Polymers
(CTOM) instead, or get a special assignment.
 
Within IICM, the students will gain knowledge and
insight into the fundamental and functional properties
of various polymeric materials and material
combinations, and will understand the relations
between (micro)structure and macroproperties of
materials. Special attention will be paid to interfaces
and how they determine material properties and
functionalities. In the assignment within IICM, students
elaborate, explain to and discuss with the other
students certain phenomena such as the lotus effect or
shape memory.
 
 

The PCI class describes the relation between the
properties of interfaces on molecular scale and
macroscopic properties like contact angle and surface
tension. On fundamental level, the relation between
macroscopic properties and molecular composition is
discussed and demonstrated by examples ranging from
drop development in rain clouds to selectivity of
catalysts. Attention will be paid to gas-solid, gas-liquid
and liquid-liquid interfaces, including some means to
characterize these interfaces. The alternative class,
CTOM, discusses the basic aspects of polymer
synthesis and physics. In the former part, basic
properties of polymers, modern polymer synthesis
techniques, polymerization mechanisms and kinetics
are discussed. In the polymer physics part, structure-
property relations, amorphous and semicrystalline
polymers, mechanical properties, viscoelasticity, chain
dimensions, networks and properties in solution will be
dealt with.
 
The third part of the minor is a project, within which the
students have to elaborate and critically evaluate certain
innovative materials. Examples of these materials are
metamaterials, recycled elastomers, microcapsules,
piezo-electric or liquid crystal polymers. Within this pro­
ject, the students can team up to exchange and discuss
their ideas, but will finally report and present it
individually.
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Design of new
functionalities based on

smart material
combinations to face the

challenges of society.
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MATERIAL TECHNOLOGY
In the course Advanced and Innovative Material 
Science (AIMS), different aspects of materials will 
be introduced. The course contains three main 
directions. First, lectures about materials in general 
will be given with a focus on polymers. Secondly, 
the interaction mechanisms and interfaces between 
materials will be discussed. Lastly, the focus lies on 
materials used in advanced and innovative 
applications, such as self-healing and other SMART 
materials.

DESIGN PROCESS
During the project, students combine their gained 
knowledge of the two courses to create, evaluate 
and improve their own polymeric materials. The 
design process consists of working in teams. The 
process will be presented and discussed with peers 
on a regular base. 

A SUSTAINABLE FUTURE
The newly developed course “Heading towards a 
sustainable future (HTSF)” deals with recent 
challenges and solutions to improve the 
sustainability of modern materials, in specific 
polymers. Four main topics will be covered within 
this course:

1. National and International policies with regards to 
sustainability and recycling of polymers, recycling 
streams, circular economy, REACH legislations and 
life cycle analysis (LCA)
2. Recycling of plastics, elastomers and composite 
materials incl. microplastic challenges and solutions
3. New biobased solutions with regards to 
biomasses, monomers, polymers and additives
4. Recent trends of the industry incl. guest lectures 
from companies
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