


Polymeric networks: Structure, theory, and application

Crosslinking processes are a major route to
provide soft polymer materials with solid-state
properties, such as reversible deformation and
reversible swelling behaviour.

In combination with structuring processes due
to preparation and self-organization, cross-
linking processes are used to stabilize nano-
structured materials, to control the properties
of composite materials, or to prepare sub-
strate materials for biologically active systems.
Swollen polymer networks (gels) are of in-
creasing importance in biomedical applications
as well as for smart materials such as actua-
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tors, sensors, and for microfluidics/microsys- properties in crosslinked polymer systems. Of
tem technology. particular interest are those formed in confined
geometries (e.g. polymer films] or in self-as-
Crosslinked polymers are indispensable also sembled multi-component polymer systems.
as construction materials, being used as elas-
tomeric materials and composites especially Theoretical and analytical models are develo-
in energy-efficient light-weight construction ped as fundamentals for new functional and
and mobility technologies. construction materials and they are verified in
experiments and refined for specific applica-
Research on polymer networks at the IPF is tions.

focussed on overcoming deficits in under-
standing of correlations between molecular
and supramolecular structure, topology, and
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Polymeric networks: Structure, Polymer networks
o o Computer simulations of polymer net-
theory, d nd d ppllcatlo n works: View into a simulated polymer
network made of star polymers. A defect
Prof. Dr. Jens-Uwe Sommer, Prof. Dr. Gert Heinrich structure of the network connectivity is
highlighted.

Fields of work

Further development of theoretical models and simulation proce-
dures for polymer networks /crosslinked polymers

Computer simulations allow to observe crosslinking processes and
network structures on molecular scale and to improve the theore-
tical models of thermodynamic and dynamic properties.

Dr. Michael Lang
langf@ipfdd.de

Theoretical fundamentals of elastomer materials

Development of physically consistent theoretical fundamentals of
structure-poperty relations in functional and high-performance
elastomers with particular respect to deformation processes

PD Dr. Marina Grenzer
grenzerfipfdd.de
Generation of networks and gels with functional properties

Dr. Stefan Zschoche
zschochefipfdd.de

Elastomer nanocomposites
The properties of tires and other elastomer

Elastomer nanocomposites materials used in automotive applications |
Development and characterization of novel elastomer composites are decisively influenced by the filler partic- \ -
for application in energy-efficient mobility technologies les in the rubber matrix. Using novel nano-

particles as fillers and developing thermo- \
Dr. Klaus-Werner Stockelhuber  Dr. Amit Das dynamic concepts for overall description of \
stoeckelhuberfipfdd.de das@ipfdd.de the polymer-solid interactions, new elasto- ~

mer materials are created that contribute to
enhanced road safety, environment protec-
tion, and efficient use of resources.
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Biohybrid gels

Biohybrid gels of heparin and polyethylene
glycol (PEG) are studied as materials for
applications as extracellular matrices.
The investigations include experiments,
theory, and simulations: Electron micro-
graph of a dried sample (top), view into the
simulated network (middle) and compari-
son of theoretical predictions and experi-
mental results for the biologically relevant
heparin concentration in the swollen gel
as a function of the PEG-content (bottom).

Membranes

Simulations describe the adsorption of a hydro-
phobic polymer chain by a lipid membrane and
its effect on solvent permeability. Before adsorp-
tion (top), the permeability of the membrane is
randomly distributed and rather homogeneous.
After the adsorption (bottom) of the chain the
permeability is strongly increased at the spot of
the adsorbed polymer.

Environmentally-friendly rubber

If zinc-containing hydrotalcite (LDH] is used
as a catalyst in the vulcanization of rubber
instead of zinc oxide, the zinc content can

be reduced to 10 per cent and, in addition,
transparent sulphur-cured rubber may be
produced. (Sample at the left side, as compa-
red to the sample at the right side crosslinked
conventionally using sulphur).

pH-sensitive hydrogels

Changes in the volume of a porous pH-sensi- g
tive hydrogel permit to obtain time-dependent >
signals of a piezoresistive microsensor for a
cyclic change in pH between pH 5 and pH 7.

pH5
20 40 60 80 100120140160
time (min)
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Prof. Dr. Gert Heinrich, Prof. Dr. Manfred Stamm

Process-controlled structure formation in polymer materials

The close cooperation of scientists and engi-
neers at the IPF provides excellent conditions
for the development of functional polymer and
multi-component materials as well as of their
processing technologies. Innovations are crea-
ted by a complex approach integrating aspects
of materials science, natural sciences, and
process technology - from the molecule to the

material in a complex component. They offer
new solutions in power engineering, environ-
mental technology, and light-weight construc-
tion and are applied, e.g., in mechanical and
plant engineering, and automotive and aircraft
industry.




A very efficient approach followed at the IPF
is to utilize structure formation within the
processing of polymer materials to get op-
timized, tailor-made materials properties.
This is studied for reactive injection moulding
of thermoplastics, reactive mixing of elasto-
mers, electron-induced modification during
processing, for chemically initiated dispersion
strategies for polymer nanocomposites, and for
structure formation, stabilization, and loca-
lization of nanofillers in multiphase polymer
blends and polymer composites.

The scientific challenges are manifold. On the
one hand they include development of novel

technologies in process engineering via new
materials concepts including multifunctio-

nal nanofillers. Simultaneously, appropriate
methods of characterization, e.g. for determi-
nation of local structure and orientation, for
analysis of topographically complex surfaces,
and for characterization of internal interfaces,
are developed as well as novel, adapted physi-
cal models describing, e.g., polymer-mediated
filler interactions.
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Process-controlled structure
formation in polymer materials

Prof. Dr. Gert Heinrich, Prof. Dr. Manfred Stamm

Fields of work

Reactive processing

Control, characterization, and modelling of structure formation processes

and material properties in reactive extrusion and interface-reactive
injection moulding of multifunctional polymer and elastomer materials

Dr. Ines Kiihnert
kuehnert@ipfdd.de

Dr. Sven WieBiner
wiessnerf@ipfdd.de

Dr. Dieter Lehmann
lehmann(@ipfdd.de

Composite materials
Design of interfaces in multicomponent and multifunctional composite
materials and their structural and fracture-mechanical characterization

Prof. Dr. Edith Mader Dr. Konrad Schneider
emaederfdipfdd.de  schneider@ipfdd.de

Axel Spickenheuer
spickenheuer@ipfdd.de

Development of novel processing technologies
by combination with electron beam treatment and by melt spinning of
novel multifunctional bicomponent fibres

Prof. Dr. Udo Wagenknecht Dr. Uwe Gohs
wagenkntipfdd.de gohs@ipfdd.de

Dr. Harald Briinig
bruenigipfdd.de

Composites and blends with carbon nanomaterials
Tailoring of properties during processing and optimization of the nanofil-
ler-matrix interactions

Dr. Petra Potschke
poefipfdd.de

Bernd Kretzschmar
kretzschipfdd.de

Dr. Jiirgen Pionteck
pionteck@ipfdd.de

On-line monitoring in process control of nanostructured polymer
materials materials
Dr. Dieter Fischer

fisch@ipfdd.de

Specific methods of characterization

Characterization of the (nano)structures, interfaces, and processes by ad-
vanced methods (X-ray scattering, electron microscopy, nuclear magnetic

resonance, etc.) including further refinement of the methods

Dr. Ulrich Scheler
schelerfdipfdd.de

Dr. Petr Formanek
formanekfipfdd.de

Dr. Dieter Jehnichen
djeh@ipfdd.de
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Material modification by electron induced
reactive processing

Coupling of melt processing and polymer
modification with high-energy electrons al-
lows to produce high-performance polymer
materials with tailored properties. The ener-
gy and charge input by high-energy elect-
rons can be precisely controlled with regard
to time regime and local size and is used

for phase coupling, generation of microsco-
pically inhomogeneous morphologies, and
for intercalation of charge-carrying layered
minerals.

Fibre-reinforced composite materials

For the development of novel fibre-rein-
forced composite materials, special glass
fibres are produced (picture below) and
sized with tailor-made multifunctional
surface coatings. The design of interphases
in composite materials and their characteri-
zation is based on unique micromechanical
methods, of which quite a lot have been
developed at the IPF.




PTFE=-Pul tik
PTFE tribomaterials ATl sl

Tribomaterials with excellent sliding friction
and wear resistance have been obtained by
coupling and compatibilization of polytetra-
fluoroethylene (PTFE) with commodity and
high-performance plastics. Coupling of PTFE
with oils leads to a new generation of high-
performance lubricants.

Process analytical technology (PAT)

On-line and in-line monitoring of polymer
synthesis and processing by specific sensors
in real time: Composition, particle size, dis-
persion/exfoliation, and conversion/kinetics
can be determined quantitatively by in-line/
on-line ATR-IR, NIR, UV/VIS, RAMAN and
ultrasonic spectroscopy and light scattering,
at high pressures (400 bar) and temperatu-
res (300 °C) and simultaneously at different
measuring positions.

Multifunctional light-weight materials
The properties of the on-line coated body
car panel are a result of the combination of
a multiphase polymer blend structure and
selectively localized hybrid nanofillers such
as carbon nanotubes and layered silicates.

Tailored Fibre Placement

Components of fibre-reinforced plastics with
extremely high mass-specific stiffness and
strength can be produced by means of the
Tailored Fibre Placement technology and a
novel software for design and optimization,
both developed at the IPF.

Innovative coatings and additives
Development of functional duromer composi-
tes, (powder) coatings and additives in combi-
nation with innovative application, curing, and
processing technologies. The picture shows
an aluminium component with flexible pow-
der coating withstanding (complex ) multi-
axial forming processes




Methods and Equipments (Selection)

Synthesis

- Equipment for controlled radical, anionic, cationic, and metallocene
polymerization

- Reaction calorimeter for monitoring of reactions in solution
(polymerizations, polymer-analogous reactions)

- 5L-stirring autoclave for reactions in solution

- 2.5L-stirring autoclave fiir melt polycondensations

Modification

- Electron irradiation plants (0.6 to 1.5 MeV or 300 eV, respectively) for
modification of polymers, can be coupled to mixing units of extruders
for modification of polymer melts

- Plasma processors and sputter coaters for surface modification

Analytical investigation by pyrolysis gas chromatography
Analytics e
- UVMVis, IR, and RAMAN spectroscopy ;
- Spectroscopic Vis ellipsometry (also in situ)
- MALDI-TOF mass spectroscopy/elemental analysis, RFA
- NMR spectroscopy: NMR of solved substances, solid-state NMR,
electrophoresis NMR, NMR flow imaging and imaging
- Chromatography: HPLC, SEC-MALLS, HT-GPC, pyrolysis and
head-space GC-MS, asymmetric flow field flow fractionation (AF4)
- Light scattering of dispersions and macromolecules in solution
(particle sizes and charges)
- X-ray structure analysis: WAXS, SAXS, RheoSAXS, reflectometry
- Thermoanalysis: TGA-FTIR, TMA, DSC, PVT measurements

Microscopy
- TEM, AFM, REM and light microscopes, including methods of
preparation for (cryo)sections and thin films

Surface characterization

- Surface spectroscopy: XPS, spectroscopic ellipsometry, ATR-IR

- Surface roughness: chromatic aberration, confocal microscopy, and
stereophotogrammetry, REM, optical interferometry

- Scanning force microscopy/direct force measurements: AFM,
also with colloidal probe, nanoindenter, uTA

- Electrokinetic methods: Streaming potential/streaming current
(with solid samples of different shapes), electroosmosis, particle
electrophoresis and acustophoresis (in suspensions)

- Contact angle and surface tension measurements at liquid drops
(including polymer melts) and inversely at air bubbles by ADSA and
Wilhelmy technique (also for polymer melts), determination of the
surface free energy of porous solid systems by capillary penetration/
diffusion of liquids

- Low-temperature gas sorption for determination of specific surface,
pore radius, and pore radii distribution, water vapour sorption

- Nanostructuring and manipulation: FIB/SEM with nanomanipulation
unit, AFM, lithography, plasma treatment

Thermoplastics and elastomer processing
- Mixers, kneaders, compounders and injection moulding units for small

amounts
- Pilot-plant scale compounders, single and double screw extruders, Pilot-scale reactors for synthesis of
injection moulding machines, also for two-component injection moulding, PAO-PTFE lubricants
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Methods and Equipments (Selection)

as well as presses, each with diverse feeding and downstream equipment

- On-line monitoring by NIR, UV/VIS, RAMAN, and ultrasonic
spectroscopy and light scattering adaptable to the extruder

- Elastomer processing: internal mixer and laboratory roll mill with
temperature control for manufacture of rubber compounds,
vulcanising presses

- Melt spinning plants for polymer fibres and biofibres (GMP conditions)
with stretching unit and measuring equipment for running fibres

Manufacture and characterization of fibre reinforced composites

- Spinning plants for special glass fibres and E glass fibres as well as
for polymer-glass hybrid fibres

- Multistage size application unit

- Device for manufacture of composites by means of the prepreg
technology and vacuum infiltration

- Laminate and vacuum presses

- Embroidery machines for tailored fibre placement (TFP)

- Micromechanic investigations (quasistatic, cyclic, impact load)

Materials testing

- Mechanical testing: quasistatic and dynamic test machines for
tension/compression/bending as well as impact, optical strain
measurement at room temperature and elevated temperatures

- Testing of elastomers: DMTS, TFA, biaxial tester

- Ageing tests

- Flammability tests

- Rheology: Rotation rheometer, measuring extruder, high-pressure

. capillary rheometer, viscosimeter

Printing of protein micro arrays in silicon cavities - Membrane testing methods

for multiple cell culture experiments

Modelling/simulation

- Hardware for computer simulations and numerical tasks

- Linux cluster for computer simulations of polymers (800 cores)

- Software development of Monte Carlo and molecular dynamics
simulations, as well as self-consistent field algorithms. Java platform
for the bond fluctuation model JBFM

- Computational packages: LAMMPS, GROMACS, GAMESS, CERIUS2

- Software Moldflow Plastics Insight for simulation of polymer
processing as well as institute-made software for modelling of melt
spinning processes

- Software for simulation of structure and mechanical properties
(ANSYS)

Bioengineering and characterization of bio-interface phenomena

- Surface modification techniques: Plasma processor, spin coaters,
dipping techniques for preparation of gradient layers, nanoplotter

- Specific surface characterization and protein analytics: Electrokinetics
including microslit elektrokinetic set-up, optionally coupled with
ATR-IR or RIFS, spectroscopic methods, HPLC, ellipsometry, AFM with
confocal microscopy, fluorescence microscopy

- Cell culture techniques and cytometry: cytometer, microscopic
methods (e.g. LSM, ESEM), preparation and separation techniques

- Hemocompatibility assessment: incubation chambers, titration

Melt-spinning plant for polymer fibres methods, blood cell counting and analysis equipment
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Networking and Cooperations
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Research network in Dresden

The capital of Saxony boasts an extraordinarily
high number of research facilities which have
made Dresden a leading research location,
particularly in the fields of materials research,
microelectronics, and biotechnology.

The Technische Universitat Dresden, institutes
of the Leibniz Association, the Max Planck Soci-
ety, the Helmholtz Association, and the Fraun-
hofer Gesellschaft as well as leading cultural
institutions have joined together in the network
DRESDEN concept. Thus they strive to further
intensify their co-operation and to create new
synergies in academic education, research,
infrastructure, and administration. The IPF is a
member of DRESDEN concept.

Close links to the university have been estab-
lished since the institute’s foundation in 1992.
Five leading scientists of the IPF are at the
same time appointed professors at the uni-
versity holding chairs in chemistry, physics,
and material science. IPF and TUD have jointly
created the Max Bergmann Center of Bioma-
terials, which has merged under one roof in

a building opened at the IPF campus in 2002
activities of the two institutions in the field of
molecular bioengineering.

With its research division Biofunctional Poly-
mer Materials and the Max Bergmann Center
of Biomaterials the IPF forms part of the DFG
Research Centre ‘Regenerative Therapies’ and
the Excellence Cluster "From Cells to Tissues
to Therapies’. In addition, the Innovation Center
for Molecular Bioengineering B-Cube has

been established on the basis of funding by the
Federal Ministry of Education and Research
within the program "Entrepreneurial Regions’.
The head of the research division Biofunctional
Polymer Materials is the spokesman of this
center.

The IPF is also involved in the ‘European Centre

for Emerging Materials and Processes Dresden
(ECEMP)’ established as an excellence cluster
within the Excellence Initiative of the Free State
of Saxony. Competences of Dresden institu-

tes in this field had been bundled even much
earlier by the Dresden Materials Research
Association.

National and international co-operations
Co-operations, joint projects, and networks link
the IPF with leading research groups at univer-
sities and research institutes in Germany and
world-wide. Consequently, internationality is
an everyday reality at the institute. Throughout
the year there are visiting scientists or students
from up to 30 countries working at the IPF for
different periods, among them for example
eight Humboldtians in 2010. Coworkers of the
institute travel to partners abroad to give lectu-
res or to work there within joint projects.

The participation in several collaborative
research projects funded by the European
Union demonstrates the international recog-
nition of the institute and paves the way to new
forms of cooperation within Europe. From

the network of excellence ‘Nanostructured

and Functional Polymer Based Materials

and Nanocomposites’ (NANOFUN-POLY), the
European Centre for Nanostructured Polymers
(ECNP) was founded in order to allow beginning
research networking in this field to continue on
a permanent and sustainable basis.




Partnership with Industry

Its position at the interface between funda-
mental research and application if the specific
characteristics determining the IPF's role in
the German research community and distin-
guishing it from other institutes active in the
field of polymers.

Industrial enterprises, from large to small
and medium sized firms, may benefit from the
institute’s research activities which are based
on deep fundamental understanding but at the
same time always aiming at potential appli-
cations. The combination of competences in
natural sciences and engineering as well as
high-tech equipment including both a broad
spectrum of analytical methods and pilot-plant
processing facilities contribute to successful
technology transfer.

Third-party funding amounting to about two
million Euro is obtained directly from indus-
try annually. This is more than 20 per cent of
third-party funding of the institute. The types
of cooperation are manifold: Depending on the
precise goals and the needs of the partners
they reach from joint application for publically
funded projects via transfer-oriented projects

up to licensing and contract research. If it is in
accordance with the institute’s strategy, know-
how and infrastructure are made available to
partners in industry also as scientific services.
New interfaces between science and indus-
try are the Leibniz Application Laboratories
established in 2010. The Leibniz Application
Laboratory ‘Multifunctional Polymer Materials’
is one of 14 laboratories of this type and offers
its support in development and implementation
of product and technology innovations mainly
to small and medium sized enterprises. The
thematic focus is on electron-induced reactive
processing and elastomer materials.

Whenever innovations with high commerciali-
zation potential are generated by researchers
at the IPF, the institute promotes spin-offs.
So far, three technology companies have been
hived off:

Hightex Verstarkungsstrukturen GmbH
ZetaScience GmbH
Qpoint Composite GmbH

Top:

Tests on industrial ap-
pliances: Deep-drawing
of exterior parts for cars
from sheets precoated
with flexible powder
coating

Middle:

Two successful spin-offs
of the IPF are based on
the Tailored Fibre Place-
ment technology deve-
loped here utilizing the
embroidery technique

Bottom:

Measurement of additi-
ves and fillers in plastics
by means of RFA, e.g.
within projects aiming
at new recycling techno-
logies
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Academical and Vocational Training

The tasks of the institute include academical
and vocational training.

Usually within the co-operation with the
Technische Universitat Dresden and the joint
professorial appointments graduate students
in the fields of chemistry, physics, and material
science are doing their PhD work at the IPF.
The subjects result from current research pro-
jects at the institute. Thus, the PhD students

- at present almost 100 - get the opportunity
to work on highly relevant scientific topics and
to benefit from the excellent infrastructure as
well as from the co-operation within interdisci-
plinary and often international teams. Specific
framework conditions for PhD students have
been created within the clusters of excellence
active in Dresden: the Graduate School of

the European Centre for Emerging Materials
and Processes Dresden and the Dresden Inter-
national Graduate School for Biomedicine and
Bioengineering.

Scientists of the IPF act also as supervisors
for diploma, master, bachelor, and other thesis
papers of undergraduate students. Students
collaborate in projects of the institute as trai-
nees or assistants.

In cooperation with the University of Coope-
rative Education in Saxony the institute trains
several biotechnicians per year within the ba-
chelor degree course Laboratory and Process
Engineering.

Based on the dual system of vocational training
and together with educational institutions, the
IPF also offers training for chemical laboratory
assistants (usually three per year) and industri-
al mechanics/precision instrument engineering
(up to one per year).
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