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About my group, about myself

S pmatianen g

Sc1ence

= interdisciplinary group: chemists, engineers,
biologist and physicists

= focus on microsystem engineering, material
design as well as process, instrumentation and
application development

= several academic and industrial awards

=  publishes in the most important international
journals including Advanced Materials, Lab-on-
a-Chip, Angewandte Chemie and Nature as
well as Science
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Glass — a fascinating material

Glass has shaped the history of
mankind for more than

5000 years
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Once upon atime in Greece (like along (mythical) time ago) N zTUN

Lycurgus of Thrace (king of Edoni)

banned the cult of Dionysus
(the god of wine-making,
aka Bacchus)

and imprisoned his followers
including Ambrosia

which enraged Dionysus who transformed
Ambrosia into a vine

which restrained and mocked and then
ultimately killed Lycurgus

Source: British Museum, Wikimedia, 04/2023
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The Romans — a tale of ... | ol

TR

T

the first Autobahn Formula 1

important contributions to science
(slaying Archimedes come to mind)

But some very impressive craftsmanship

The Lycurgus Cup
- green color: reflecting light = silver nanoparticles

- red color: transmitting light = gold nanoparticles

(proudly created by stirring glass with a dirty spoon
— quite literally)
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Though it measures just 15.9cm by 13.2cm, the Ly
described as the most spectacular glass of its |
British Museum, the beautiful piece is one of tt
surviving objects from the Roman Era.

Source: artsandculture.google.com/story/lycurgus
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Source: artsandculture.googlecom/story/lyéﬁi_
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Glass Manufacturing Lacks Innovation NZ‘/PT

Melting / Glass blowing Grinding Etching

@ high temperatures (>1000 °C) ® only simple geometries ® only simple geometries

® dangerous ® wastes material ® very dangerous chemicals
(HF)

A lot has happened in the 21st century: the polymer revolution
* Injection molding et al. - fast and scalable
« 3D Printing - versatile and intricate
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Refining
B Jrequires

3.7 GJ/ton

Shaping

requires

5 6 GJ/ton o




INGREDIENTS/SKEADNIKI/COCTAB/INCI: AQUA, PARAFFINUM LIQUIDUM, CERA MICROCRISTAL-
LINA, GLYCERIN, SORB IOLEATE, OENOTHERA BIENNIS OIL, MAGNESIUM SULFATE,
PARFUM, PANTHENOMIMETHYL SILYLATE, CALCIUM PCA, PHENOXYETHANOL,
IMIDAZOLIDINYL UREA, PARABEN, ETHYLPARABEN, PROPYLENE GLYCOL, PEG-8,
TOCOPHEROL, ASCORBYL PALMITATE, ASCORBIC ACID, CITRIC ACID, BENZYL SALICYLATE,
CITRONELLOL, HEXYL CINNAMAL, BUTYLPHENYL METHYLPROPIONAL, LIMONENE, LINALOOL
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Toothpaste to the rescue!

N PTUN

ALPHA-ISOMETHYL IONONE, GERANIOL. ' ° Si"C& (n anopartiC|eS) are a
TESTOWANY DERMATOLOGICZNIE - DERMATOLOGICALLY TESTED . H
‘V% ﬂ}“m Najlepiej zuzyc przed koricem: data i nr serii na opakowaniu CO m m O n ad m IXtu re u Sed I n C re m eS
P Tince 1946 /Best used before the end of: date and batch No. on the packaging .
/Topex f0: AaTa M HOMEP NaPTUM Ha yNaKoBKe
@ SUNCREAW SPF 30 - [PRO11040] INGREDIENTS, 50 ml/mn and lotions
HIGH PROTECTION. *Inspired  Petrolatum, Paraffinum Liquidum, H
by the first PIZ BUIN® suncream  Qctocrylene, Dimethicone, Dicaprylyl 1 ,7 ﬂ . 0Z. ® th ey are C h eap and re ad I Iy
C|aunct16ﬁ| Im t1 946, tthte "Glacll(er Carbonate, Ethylhexyl Salicylate, [H[ .
ream" helps to protect your skin ¢ Microcristallina; IDiethy/ami
fom mense WAINE posre. (e outerios ™ gl Berne Qaitnironts available
4 e : (€]) |'S , Bis-Ethylhexyl henol . . .
terel’ motirang md protecthe () S, e oo @ === | and essentially glass in its smallest

barrier. = USAGE  ADVICE: Applr
generously before sun exposure. Full
face application = 1 teaspoon. Reapply
frequently, especially after sweating.
Avoid midday sun. Designed for use in
cold temperatures.

Titanium Dioxide (nan ), Silica, H' drogenated
Castor Oil, Hydroge....c Z.,.ne/lsoprene
Copolymer, Caprylic/Capric  Triglyceride,
Aluminum Hydroxide,  Stearic  Acid,
Tocopherol, Parfum.

® www.pizbuin.com

© Johnson & Johnson SBF

Al. Jerozolimskie 184 B,
02-486 Warszawa,

ul. Prof. M. Bobrzyniskiego 14
30-348 Krakéw, Made in Poland,

www.miraculum.pl

900793”041448

form

27100 Val de Reuil, France.

4 O I e Johnson & Johnson Ltd, Maidenhead, SL6 3UG, UK.
' I ' Information Centre in UK: +44(0)845 6015792
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74660761

Made in France
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GLYSOLID

HAUTBALSAM

GLYSOLID HAUTBALSAM ist die Intensivpllege fur den

gesamiten Korper mit hohem Glycerin-Anteil und Allantoin

GLYSOLID HAUTBALSAM reduziert mit semer besonderen Formel

die Hautreizung, unterstinzt die Hautregeneration und hitft speziell bei

raver, sproder, rissiger und trockener Haut. Dieser Hautbalsam erhalt die
natirliche Hautfeuchtigkeit,

Bei regeimaBiger Amwendung wird das Hautbad rasch und nachhaltig verbessert
GLYSOLID HAUTBALSAM ist die konzentrierte Intensivpllege fir die ganze Familie
Ohne Zusatz von Duftstoffen, Farbstoffen und Konservierungsstoffen. Ohne Parfum
INGREDIENTS: GLYCERIN, AQUA, CET @HOL, DECYL OLEATE,
CETEARETH-12, ALLANTOIN, DIME THICEINE, SODI CETEARYL SULFATE,

SILICA

3204158

CETEARETH
Burnus D-Darmstadt « A Wien « C 5
Hergestellt in Deutschland

s 00|

o [0AN

www burnus.de

115023143

Source: Amazon, Heraeus
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A new approach: The Glassomer Technology .

Material Production

requires
2 .9‘6}:\/'[0n

g e No Refinin
4./~ 80 % less energy required — g’

# 4 > Almost unlimited designs
| - Highest purity

000258
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Shap'@

| - requires
\

\ 0.5 GJ/ton

Requires



https://www.sciencedirect.com/science/article/pii/0016703782903830?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0016703782903830?via%3Dihub
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Glassomer® Technology: The silica in toothpaste

* Requirement for high quality glasses: high powder content

* Liquids, pastes or solid Glassomer® materials

OH

O O Silica particles
ole) OH OH
5 <0 i
O 0O O OH OH <—> HO__ -~ %(Cl-b
O o O O 0
Non-hydrogen bonding O Hydrogen bonding  oH OH CH,
liquids / \liquids OH
Silica patrticle Hydroxyethyl methacrylate
O 00 (HEMA)
l Gel l Stable sol
@, O -
O O é)o o O O SiO; g
OQC%D O O O 0O O h Monomer
o Co~o0 o0 o
o O O O o O
3 00 5°%%5 %
Adapted from: Raghaven et al., Langmuir 2000 Kotz et al.. Adv Mat 2015
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High Transparency
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Glassomer® glass = Fused Silica

Low Surface Roughness
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Surface Properties

y=60.4+0,14Jm2 ©_,, ~ 30°

commercial fused silica

YAS 594 + 0.52 Jm‘2 eHZO ~30°

Glassomer® fused silica
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Hardness (Vickers)

Glassomer: 980 HV
Comm. fused silica: 800 HV

Bending strength

Glassomer: 115 MPa
Comm. fused silica: 100 MPa

Kotz et al., Nature 2017
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“One of the most important innovations in the field of N zTUN
glass processing of the last 400 years”

[ J
World Premiere E :
Check out our newest technology in Clence
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Glassomer Technology published in Science \ o O u r fl rSt pa pe r I n na l e
Our worldwide unique technology of glass making is published in Science - check out how glasses will be made in the future! ey % -
"= ¢4

Microscale components
made using axial
lithography p.308

Our first Nature paper!
Three-dimensional printing of transparent fused silica gl
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Glassomer® 3D Printing N ;TUN

= Structure glass by using Kotz etal., Nature 2017

liquid Glassomer®
off-the-shelf 3D printers

high resolution
microstereolithography

.
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2
#
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What about injection molding? N PTUN

abrrs

Powder injection molding

3 pEc vl | [
Thermoplastic silica nanocomposites Soﬁ_phw ~
c 7. B
« Thermoplastic binder fo ~ . Dt
. // o ' granulating
* Premixing step to avoid abrasion PVB—PEG © Si0, S g
E 4 )
Processing temperature ~130 °C % motding
|
High-quality fused silica glass c
R, <5nm debinding
« V’M‘J - -
2 20 3 ! N
3 60 e > Zﬂ&/v:; SRR
% —_ - -25 nm Al
,L‘E * H — IM fused silica, 1 mm =10 . \/
20 — Commercial fused silica, £ | Mader, Science, 2021
- 1 mm £ 0+
o S # — %-10(\/\/ﬁ/
200 400 600 800 2000 3500 5000 T 10
Wavelength (nm) Length (um)
Mader, Science, 2021 _ o _
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Injection molding of fused silica glass

Complex shapes

) INJEX
"n“?v‘x
q T )
;‘;1 Jo, s
[ S RS

10 mm

Pt -0

10 mm

10 mm

Mader, Science, 2021
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High-throughput, fully automated
injection molding Optics

babyplast”

~8 s per piece

[;léssdmér

~5 s per piece

10 mm

~15 s per piece
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Glassomer meets CAL N ;TUN

¥

187.7 MPa
Print and
develop
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1300 °C
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M1

Toombs et al., Science, 2022 -
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Approach
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Revisiting history: The Lycurgus Cup in the 215t century N gTU

Roman glass cup from 4th century AD

- green color: reflecting light = silver nanoparticles

- red color: transmitting light - gold nanoparticles

Essentially

- Roman Nanotechnology

- still very challenging to create with today’s technology

Reflected light Transmitted light

o e

synthesis nanoparticles (stabilized, monodisperse »>
tricky but possible)

mixed into a Glassomer slurry

cure, debind and sinter such that the nanoparticles
do not diffuse
try to 3D print

It works!
(although the
color is still
slightly off)
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