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Programmable transport of heat and active substances

Cluster Programmable Materials (CPM)

https://worldofprogmat.org/
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Programmable transport of heat and active substances
Cluster Programmable Materials (CPM)

activation
supercooled heat release on demand
PCM

Switchable Phase - - Programmable shape
Change Materials | : change (shape
(sPCM) T4 memory polymers)

Define
Define
Define Trigger (Temperature, pH)

Prog rammable Prog rammable IfTemperature>TgEI;-|EEN
heat pipes Microcapsules [l

If
THEN = OPEN
ELSE = CLOSED

ELSE

https://worldofprogmat.org/
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Vision — Programmable Microcapsules

Define
Define
Define Trigger (Temperature, pH)

If Temperature > Tg THEN
ELSE

If pH > 9 THEN

= OPEN
= CLOSED

\
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Microencapsulation of different substances

Smart Materials

»= Phase change materials

»= Thermochromic pigments
= Reactive components

= Lubricants

Polymer additives
= Fire protection

Reactive Components

= (Catalysts
= |nitiators
Cosmetics

= Fragrances

= Pigments
Trigger
Mechanical pH
< g Temperature Light

0.1 um 10 2000 pm Humidity/water
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(Bio)degradation

Public

Agriculture

= Fertilizer

= Presticides

* |nsect repellant

Food-/animal Feeding
= Vitamines

= Dyes

= Biocides

= QOrganisms

=  Micro-nutrition
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Improved stability and dispersibility for functional polymer films
MF technology for technical applications

= Good dispersion

Microencpasulated
- = Agglomeration J
I a
rg° — - = No reactions

Encapsulated

-/J./_/_{/ = Bad adhesion inorganic filler = Good adhesion

— 5um T sum | MaFrunholer | oooos77e = 00013183 :
Copper flakes for Ammonium polyphosphate Red phosphorus for special Photo- and thermostabilizers
greenhouse PE films for PU-based materials flame-retardant applications for agricultural films
—
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Self-lubricating plastics

Friction between two surfaces

Abrasion of the upper layer

Lubricant spreading

, D 9
4 | 9
J J 9" 9.9
‘ Capsules disruption .
L@ 9 Friction || & 29 ‘ Lubricant leakage 2 9 Friction reduction
REM and  microscopy
images of microcapsules

integrated  in  polymer
matrix (left = latex coating,
right = POM)

Friction coefficient

0,7 o
0,64
0,54

0,4

0,34
02 10 wt.% microcapsules

0,14

0,0

None 10 um 100 pm
Friction coefficient for polymer
without (red) and with 10 wt%

lubricant-filled microcapsules
(green = 10 um, blue = 100 pym).
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Tribological and mechanical properties of different microcapsule composites

POM

Reibkoeffizient / -

+ PUMK10

+PTFE15
+ PU/MK10

Distanz: 5000 m
Viin: 20 cm/s

Tmc 4

Konfiguration®
Stahlkugel 100Cr6/
Platte

+PTFE15
+ PU/MK10
+MoS2-2

Auflast / N

20
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Tribological investigation in microcapsule coatings

Nickel coating with capsules

Kugel(100Cr6)-3-Platten (100Cr6, beschichtet):
Dauerversuch, 5 N; RT; 10 rpm; 1 h; trocken

117 MosS,

1,01 Nickellack mit IL-Kapseln
0,9- Silberlack

0,8 —— Silberlack mit IL-Kapseln
0.7- — Silberlack mit IL

0,6
0,5 -
041
0,34
0.2 %WM
0,1 —

0,0 - . - . -
0,00 0,25 0,50 0,75 1,00

Zeit [h]

Reibwert

Silver coating with capsules
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Current research topics of polymer parts with microcapsules

Controlled release of lubricants

Controlled release of superhydrophobic substances

Controlled release of plasticisers

v 9

)
y

y

)
y

\ Controlled release of UV-protecting agents

y | . . .
\ Thermochromism, mechanochromism, photochromism

[
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Composites with microcapsules

Concrete-based materials with microcapsules
for release upon fracture
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Controlled release of biocies for prevention of algae growth on facades

Water responsive microcapsules for controlled release of biocides

1. Wand

2. Klebemortel

3. Dammstoff

4. Befestigungsmaterial

Wirkstoffintegration
moglich

Konzentration

5. Armierungsschicht .
6. Armierungsgewebe Zeit
7. Fassadenputz
8. Fassadenfarbe
3 456 7 8
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