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Prof. Dr.-Ing. habil. Bastian E. Rapp

• 2005, mechanical engineering

2005 Applied Cultural Sciences

University of Karlsruhe

• 2008, PhD in Microfluidics and Biosensors 

University of Karlsruhe

• 2017, Habilitation on fluid mechanics and microfluidics
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About my group, about myself
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 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 has shaped the history of 

mankind for more than 

5000 years

Glass – a fascinating material
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Once upon a time in Greece (like a long (mythical) time ago)
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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 …

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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great conquerors impressive architecture the first Autobahn Formula 1

important contributions to science

(slaying Archimedes come to mind)

2025 Joint HiTEC/CICMT/APPE Conferences | Albuquerque, New Mexico | April 14-17, 2025

000251



Albert-Ludwigs-Universität Freiburg | Glassomer | Bastian E. Rapp 7

Source: artsandculture.google.com/story/lycurgus
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Source: artsandculture.google.com/story/lycurgus
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Source: artsandculture.google.com/story/lycurgus
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Glass Manufacturing Lacks Innovation
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Melting / Glass blowing

 high temperatures (>1000 °C)

 dangerous

Grinding

 only simple geometries

 wastes material

Etching

 only simple geometries

 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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Conventional Glass making

Melting
requires

7.7 GJ/ton
Shaping

requires

5.6 GJ/ton

Refining
requires

3.7 GJ/ton
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Toothpaste to the rescue!
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• silica (nanoparticles) are a 

common admixture used in cremes 

and lotions

• they are cheap and readily 

available

• and essentially glass in its smallest 

form

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

Material Production
requires

2.9 GJ/ton
Shaping

requires

0.5 GJ/ton
Requires

No Refining
 80 % less energy required

 Almost unlimited designs

 Highest purity
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materials behave and look like polymers.

When you put them in an oven, this happens:

The polymer is 

converted to glass!

Injection Molding CNC Machining Casting 3D Printing
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Glassomer® Technology:  The silica in toothpaste
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• Requirement for high quality glasses: high powder content

• Liquids, pastes or solid Glassomer® materials

Hydrogen bonding

liquids 
Non-hydrogen bonding

liquids 

Silica particles

Gel Stable sol

Adapted from: Raghaven et al., Langmuir 2000

SiO2

Monomer

OH
O

O

CH2

CH3

Hydroxyethyl methacrylate

(HEMA)
Silica particle

Kotz et al., Adv Mat 2015
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Low Surface Roughness

Surface Properties

XPS

XRD

High Transparency

Thermal Resistance

Glassomer® glass = Fused Silica
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T = 1000 °C

α = 0.5 10-6 K-1

Glassomer® fused silica

commercial fused silica

ϴH2O ~ 30°

γ = 60.4 ± 0,14 Jm-2

γ = 59.4 ± 0.52 Jm-2

ϴH2O ~ 30°

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 

glass processing of the last 400 years”
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Glassomer® 3D Printing
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 Structure glass by using

 liquid Glassomer®

 off-the-shelf 3D printers

 high resolution

microstereolithography

40 µm

5 mm5 mm

270 µm

200 µm

Kotz et al., Nature 2017
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Mader, Science, 2021

Powder injection molding

 Thermoplastic silica nanocomposites

• Thermoplastic binder

• Premixing step to avoid abrasion

 Processing temperature ~130 °C

 High-quality fused silica glass

Rq < 5 nm

Mader, Science, 2021

10 mm

10 mm

10 mm

What about injection molding?
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Complex shapes

High-throughput, fully automated 

injection molding Optics

Mader, Science, 2021

10 mm

10 mm

20 mm

10 mm

10 mm

10 mm

10 mm 10 mm

~8 s per piece ~15 s per piece

~5 s per piece

Injection molding of fused silica glass
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Glassomer meets CAL
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Toombs et al., Science, 2022
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Revisiting history: The Lycurgus Cup in the 21st century

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
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Approach

• 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

Reflected light Transmitted light

It works!

(although the 

color is still 

slightly off)
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Thank you for 

your attention!
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