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Fraunhofer ISC
Our core competencies

Materlals

Glass/Ceramics/
Fibers

Nanoparticles

Processing
» (Wet) Coatings

Battery materials
ORMOCER®s

Smart materials

/ . = Clean room
Solutions for <aEEEETIENE @

|ndUStr|aI |:' Demonstrators
partners

= Roll-to-Roll

Analytics

= Materials
characterization

- Failure analysis = Total Budget (2015): 29 Mio €,

% . .
- Quality control % incl. 21 Mio € contract
- research

= |n situ test
equipment
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Nanoparticle synthesis methods overview:

Top-down versus bottom-up

Seale Bottom-Up Top-Down
bulk
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USP of bottom-up: high complexity @ one spot
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Bottom-up “dry synthesis”: example gas-phase synthesis

Molekiile Primar-

partikel

Reaktor Protopartikel Aggregate Agglomerate

Sio, Sio,

>1500°C
SiCl,+ 2H,+0, B SiO,+ 4HCI

HDK?® pyrogene Kieselsaure
Herstellung in der Flamme
Source: http://lwww.wacker.com/cms/de/products-markets/brands_2/hdk/hdk.jsp?country=DE&language=de

Result: primary particles are nano,

BUT they are often obtained as “hard agglomerates”
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Bottom-up wet chemical synthesis & processing

= |deal dispersion: Wet chemical synthesis; creation of a sol
Application

Further processing

3
= Controlled and tailored surface functionality

HAppIication

Further processing

: 3
= Processing to composites:
= Control over particle distribution in the composite
= Often beneficial: particle accumulation at the composite surface
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Major advantage of wet chemistry: real nano dispersions
= what makes the difference example #1

versus
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Open-access pilot facility for NP synthesis
»The nanoparticle kitchen*“ (COPILOT)

This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No 645993.
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This project has received funding from
the European Union’s Horizon 2020
research and innovation programme
under grant agreement No 645993.
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FRAUNHOFER INSTITUTE FOR SILICATE RESEARCH ISC

From the

{E NANOPARTICLE KITCHEN. . first lessons learned:
& Business:

SRpsE \\/e do not “sell”

nanoparticles,

- we sell hands-on

consulting for

material solutions

Have you ever thought of how your nanoparticles could be upscaled or how
nanoparticles could be added to increase your product performance? With our
extensive pilot line equipment we can support you in synthesis, modification as
well as dispersion of nanopartices in different upscaling stages.

Our laboratory works like a kitchen — you come to us with a specific menu or
taste in mind. We provide the cooking ingredients, the pans and stove, as well as
the internationally experienced cooks. You are welcome as well, if you want

to upgrade or functionalize your own »cooking« materials.
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Our Special Equipment
Synthesis reactor (up to 100 liter batches)

Continuous ultrasound reactor ——

Semi-continuous centrifuge
Spray-drying facilities
Continuous flow globe mill
Molecular vaporizer
Magnetic drum separator
Encapsulation device
Ultrafiltration

Glas autoclave

Fluidised bed reactor

... and many more

USP:

Facilities

COMBINED WITH

know-how

- combination needs to be
offered to customers to
bring nano to success

Our Special Ingredients

We offer materials development and custom manufacturing of small particles
matching your demands, for instance:

Magnetic Particles

Hollow Particles

Silica Particles

Layered Particles

Titanium, Zirconium, Zinc and Perovskite Oxide Particles

Interested in the nanoparticle kitchen taste? Contact us!

Fraunhofer Institute for Silicate Research ISC | Neunerplatz 2 | 97082 Wirzburg | Germany:
Dr. Karl-Sebastian Mandel | Phone +49 931 4100-402 | nanoparticlekitchen@isc fraunhoferde .
www.isc fraunhofer.de
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Roll-to-Roll Coating Plant @ Fraunhofer ISC

m |SO 8 cleanroom
m 500 mm working width
m Job-shop coating
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Multi-Purpose R2R coating plant at Fraunhofer ISC
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@ Fully modular Click&Coat system (COATEMA)

B Can be assembled according to the needs and fitted subsequently

B Standard slot-die coating — other application systems upon request
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Ceramic/ Inorganic Fibers

Preparation of spinning mass

Melt spinning & dry spinning
1 — 1000 filaments, continuous fiber

Fiber spinning towers:
temperature field, atmosphere (<
2 ppm H,0,<5ppm O,) and gas
flow adjustable

Continuous pyrolysis and sintering
with inert gas
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Application Center “Textile Fiber Ceramics*

Aim

B Production of textile 2D and 3D
structures of ceramic and carbon fibers

B Load-conforming fiber alignment

® Control of suitability of ceramic fibers
for textile manufacturing

Technologies

B Weaving, braiding, knitting and warp
knitting as well as fleece production

Project dates

B Head: Prof. F. Ficker
® Funding: 2.5 Mio. €
B Period: June 2014 - May 2019
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Pilot Plant for Sintered Magnet Production
Magnets with much less Rare Earth Metals
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RECYCLING PILOT PLANTS: INNOVATIVE TECHNOLOGIES

SOME EXAMPLES OF MODERN PRODUCTS

|

LED-Module Glasisolierulhg Socke!

Kunststoff-
isolierfolie

Glaskolben Kunststoff- Keramik- Platine U“d LED-Panél
dichtung Kiihlkérper el. Bauteile '
Lithium-lon LEDs PV
Cells

front part
with display

Fiber Composites iPhone 4s
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Entire product development value chain to be covered

Coating
solution

Application
method

Quality
assurance

Upscaling

Matching for
industrial

production
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Head of Marketing & Sallés

Fraunhofer Institute for Silicate Research ISC ™ =W
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Neunerplatz 2 | 97082 Wirzburg | Germany

Phone +49 931 4100 370
victor.trapp@isc.fraunhofer.de
www.isc.fraunhofer.de




