
Empa – The Place where Innovation starts

«Materials meet Life»
17. Thurgauer Technologietag,

Freitag, 24. März 2017

A l e x  D o m m a n n  a n d  Te a m

St. Gallen, Stiftsbibliothek, Cod. Sang. 602 

Papier · 522 pp. · 

Gallen · 1451-1460

1



Board of the ETH Domain

EPFL ETHZ

Federal Department of Economic Affairs, Education & 
Research (EAER)

WSLEawag PSIEmpa

Empa-Eawag-Campus Dübendorf

2



Empa-Standort St.Gallen

Empa-Standort Thun
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Integrierter Wissens- & Technologietransfer 

«From Science to Business»

F&E-Projekte 

Dienstleistungen

PR &

Marketing

Patente

Lizenzen

Lehre

ETH/Uni/FH

Spin-Offs

Start-Ups

Weiterbildung
Publikationen 

Konferenzbeiträge

Gesellschaft

Wirtschaft

Wissenschaft

Strategische

Kooperationen
Empa 

Materialien

Systeme

Prozesse

Know-how

Gutachten

Untersuchungen

Menschen

(«Köpfe»)

Empa – at a glance

3 Sites

Dübendorf, St. Gallen, Thun

~ 30 Technical Laboratories, 

more term. than regular empl.

~1000 Employees (~830 FTE, 28% female)

28 Professors 

~200  PhD students, 120 Post Docs

~200 graduates and trainees

Output

e.g. >600 (SCI/E) Publications

> 100 Seminars & Conferences @ Empa-Academy

Transfers, Services, Partnerships (>500 companies), Start-ups, …

Empa - the place where innovation starts
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Unsere Vision

“Materialien und Technologien für eine nachhaltige Zukunft”

“…Gemeinsam mit unseren Partnern aus der Forschung, Industrie und dem

öffentlichen Sektor, setzen wir alles daran, zur Sicherung unserer Zukunft die 

Grenzen von Wissenschaft und Technik immer wieder aufs Neue zu erweitern”

Auszug aus dem Empa Leitbild

Empa’s Research Focus Areas & RTTP

Analytical Methods  

Measurement

Techniques

Instruments &

Tools

Computation

al  

Modelling

Materia

l  

Synthesi
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Health &

Performance

Nanostructured  

Materials

Energy

Sustainable Built  

Environment

Natural Resources  

& Pollutants

20.38%
Assessment of Sustainability, Reliability

&

Safety

Advanced

mfg
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Materials Science & Technology

Global Challenges

Climate Change

Energy Resources Freshwater

Mobility & Transport Aging Society

… also for material science
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Materials meet Life

meet

Materials

Life
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Materials meet life
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Accelerated Progress by sharing know how

Materials 

Processing
Materials 

Simulations Analytics 

What we doHealth & Performance
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PLLA screw to join non-

loaded bone fragments

PHBV ear

Ti alloy dental implant with 

special surface treatment

Locking compression plate w/ 

locking screws for 12-B2/12-

B3 AO classification fracture

Locking compression plate 

with standard screws for 42-

A2 AO classification fracture

Internal TAN  pedicular 

fixation system (over 3 

vertebrae) 

DLC  coated CCM motion-

preserving spinal disk 

prosthesis

POM bone rongeur with 

compliant joint 

hip joint stem with special 

surface treatment 

ZrO2 hip joint head

Carbon fibre reinforced hip 

protector 

DLC coated knee implant 

(failure case)

DLC coated hip joint head 

(failure case)

Tendon bicomponent fibre 

with P3HBV core & PLA 

sheath

Cell-seeded polymer graft to 

regenerate the myocardium 

after an infarction

Rolled EAP actuator

Stacked EAP actuator

MedTech

Combining the expertise 
of more than 10 Empa
laboratories

From Ma te r ia l s  t o  B io in te r faces

Functionalization

Protection and

Physiology

High 
Performance
Ceramics

Advanced
Materials
Processing

Joining
Technol. and
Corrosion

Particles-
Biology
Interactions

Advanced
Fibers

Nanoscale
Materials
Science

Applied 
Wood 
Materials

Mechanical
Systems
Engineering

X-ray
Center

Biointerfaces

katharina.maniura@empa.ch
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 electrodes  optical sensors  new fibre materials

Smart textiles for protective clothing, 

sports apparel and medical textiles

manfred.heuberger@empa.ch

03.03.2017 20

Long-term ECG measurements

Weder et al. Sensors, 2015, 15, 1750

Signal comparison: textile electrode x gel electrode (ca. 13s)

Skin irritation with typical gel electrodes

for several hours Embroided electrodes after long term wear test (10 days)

rene.rossi@empa.ch
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Self-care materials

TC

15 Industrie-

partner

rene.rossi@empa.ch

Medikamenten-Abgabe durch schaltbare Polymere

rene.rossi@empa.ch
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Intelligenter Glukosesensor

rene.rossi@empa.ch

Nanomaterials at human placenta barrier

Aim:

 Achieve a better understanding
of NP-placenta interaction 
throughout pregnancy

 Provide a versatile and
predictive placenta models that
covers the entre gestational
period as well as different
potential uptake routes

human placenta perfusion model
Wick et al 2010; Bürki-Thurnherr et al 2012; 

Grafmüller et al 2013

In collaboration with:

 Frauenklinik KSSG 

Prof. Dr. R. Hornung

 Institut für Pathologie KSSG

Prof. Dr.  W. Jochum

 Institut für Immunbiologie KSSG

Prof. Dr. B. Ludewig

 Hirslandenklinik Stephanshorn

peter.wick@empa.ch
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Advanced human in vitro models

perfused transwell system

 static  perfused

Reviewed in Wick P, Grafmüller S, Fink A, Rothen-Rutishauser B, MRS Bulletin Nov Issue 2014

 monoculture  co-cultures

transwell system

 cell line  primary cells

syncytiotrophoblasten

 2 dimensional culture  

3D culture

3D placenta microtissue

200 μm

peter.wick@empa.ch

Soft Tissue Mineralization

Artherosclerosis

Alzheimer’s

Cancer

Placental calcification

…

Sergio Bertazzo

Inge K. Herrmann

peter.wick@empa.ch
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BioMemTex - Biomimetic Membranes and Textiles 
From the control of intermolecular interactions to smart functions: 

a bridge from soft material structures to personalized body performance

27

Skin and 
body models

Smart
Polymers

Controlled Input
(from nano to macro)

• Materials 
structures

• Composition
• Surface properties
• …

Fluidic processing

(Bio-)sensors

Drug delivery systems

Wearables

Measurable
Physiological Output

• Wound monitoring
• Sweat analysis
• ECG
• Blood perfusion
• Body temperatures
• …

Monitoring

FEM
Human simulators

Characterization and
Validation

Molecular
dynamics

Soft and stimuli-
responsive 
materials

Cell encapsulation –

Enabling technologies for in situ cell delivery for a multilayer 

hybrid membrane

Lukas Weidenbacher, Afshin Abrishamkar, Markus Rottmar, Anne Géraldine Guex, Katharina Maniura, René Rossi, 

Stephen Ferguson, Giuseppino Fortunato
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Still number 1 cause of death 
(Statistics for Switzerland in 2012)

Heart disease: impact on society

Problem: Lack of blood compatibility

Create natural environment for endothelial cells

• Cell-matrix contact

• Cell-cell contact

• Chemokine signalling

 Better attachment + functionality! 

B. Lilly - Physiology, 2014

Idea: Mimicking the native blood interface

Pathway Primary Role Signal Direction

PDGF-B/PDGFβ Recruitement EC SMC

S1P Recruitement EC SMC

TGF-β Differentiation/maturation EC SMC

Notch Differentiation/maturation EC SMC

Eph/ephrin Differentiation/maturation EC SMC

Connexin Differentiation/maturation EC SMC 

Ang1/Tie2 Stability/survival EC SMC

Envisioned solution – biomimetic pump surface

C. Hahn et al. – Nature Reviews, 2009
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Flexible optische Fasern aus Polymeren

Reifler et al. Polymer, 2014, 55: 5695.

100 

mm

500 

mm

Präzise Druckmessungen
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Chemische (Bio-)Sensoren

Luft NH3 

Non-invasive 

TOFanalyser

Textiler EKG-Sensor für Langzeitmonitoring

Polyester

Silber Titan
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Personalized Health and Related Technologies  

PHRT

Clinical relevance

and health

PHRT

Personalized

Diagnosis & Therapy

‘Omics-

screens’
genomics, 

transcriptomics, 

proteomics, 

metabolomics,

…

Analytical 

imaging

Structural 

analysis

Strategic Focus Area Data 

Science

Human

samples 

& models

Database

Swiss Personalized Health Network 

SPHN

Bio-

monitoring

physiolomics

Common Calls
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Intensified link with Academia, Industry and Hospitals

Suppling materials to clinicians:

- antibacterial surfaces for various catheter types

- measurement of bone density for decisions of the right implants

- Advanced monitoring solutions

- …

Acknowledgements: 
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