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Outline

Program overview
* Regenerative coatings

- acrylic system

- surface microvalves
 Dynamic polymer

- bi-phase system

- regeneration experiments
* Multiscale scaffolds

« Summary

AUTONOMOUS MATERIALS SYSTEMS . - ]

BECKMAN INSTITUTE FOR ADVANCED SCIENCE AND TECHNOLOGY UNIVERSITY OF ILLINOIS AT URBANA—CHA&A PAIGN



Autonomous Materials Systems Group
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Concepts and Motivation

Regeneration and K = _
Remodeling in biology: ey Features:

Large scale damage volume

Tree skink
Repeatability and Reversibility

Orders of magnitude change in properties
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Autonomy
Stress activation

Linckia
starfish

Benefits:

Selective restructuring

Response to environmental stimuli
Reduction in parasitic weight

Anti-aging
Self-repair
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Overview

Regeneration in biology: Our approach: Dynamic polymers
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GOAL: To develop bio-inspired composite material systems that regenerate and
remodel in response to environmental stimuli.
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Outline

Program overview

 Regenerative coatings
- acrylic system

N - surface microvalves Y
 Dynamic polymer

- bi-phase system

- regeneration experiments
* Multiscale scaffolds

« Summary
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Coating Regeneration

Concept:
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« Current healing technology targets small
Coating Damage Delivery of ]Substrate scale damage (cracks)
Triggers Release Uncured Coating + Extensive damage is difficult to heal
X « Channel blockage is a challenge
\, y
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Surface Microvalves

Prior Results Valved Pores Prevent Curing
into Delivery Network
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Valve Network Design

valve network /Valve
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Outline

Program overview
* Regenerative coatings
- acrylic system
- surface microvalves
 Dynamic polymer
- bi-phase system

\ - regeneration experiments Y
 Multiscale scaffolds
« Summary

- ra

. »

y _. C—
AUTONOMOUS MATERIALS SYSTEMS . 5 T

BECKMAN INSTITUTE FOR ADVANCED SCIENCE AND TECHNOLOGY UNIVERSITY‘ OF ILLINOIS AT URBANA—CHA&A PAIGN
- - -



Bi-Phase Chemical Resin

(Sol )

*Concept: Low viscosity solution for easy
delivery via microvascular networks

‘Design: Consists of gelator components in
Qiquid monomer “solvent” Y

(Gel )

*Concept: Rapid viscosity increase to a
semi-solid as first transition

‘Design: Acid catalyst initiates gel

Uormation at time, t, )
Acylhydrazone end-functionalized
- " PEG oligomer Ms \]
g Defig <&l A1, e LomRlPUlnse A0 o forl 1911194
o Tri-aldehyde crosslinker recovery of mechanical strength of

damaged region
©® Methacrylate liquid monomer (HEMA)

‘Design: Monomer (HEMA) polymerizes at
Qime, t,, by initiator/promoter )
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Individually Tunable Chemistries

t, Gel Time t, Polymerization Time
Controlled by acid catalyst & Room Temp. Polymerization Components
amount of gelators *Initiator — MEKP
Promoter — CoNp
50 >
——12 wt% gelators Polymerization
40 + -—-106 B
—o—16 wt% gelators g
£ 10 ——20 wt% gelators E 1.5 wt% 0.75 wt%
@ T10° + MEKP
£ =
= 20 o
@ &
© o104 |
10 “ | [ Gelation
0 | | I f q_ 103 ! ! ! ! | |
0.00 1.00 2.00 3.00 4.00 5.00 6.00 0 50 100 150 200 250 300 350

v/v% Formic Acid Catalyst Time (min)

(Polymerization: 0.3 wt% CoNprs
15 vIv% acetic acid catalyst
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Scaffold for Large Damage Volume

Infiltrate Scaffold

Small pores fill with resin due to surface
tension

-Sufficient healing agent delivery possible
smaller volumes

Gel Scaffold

«2-component bi-phase gel/polymer system
-Gradual material deposition and
solidification

-Gel network scaffold fills large volumes Part A Part B

‘Subsequent polymerization and recovery of Monomer Monomer

virgin properties Acid Catalyst  Gel Part 1
Gel Part 1 Gel Part 2
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Large Damage Volume Regeneration

Damage Regeneration Setup Damage Fill Pumping Regime

/ m Component A
Overhead Camera m Component B
V4
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Pressure

Microchannels in Spemmen
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3.5 mm gap (PDMS healing system)

5.0 mm gap with bi-phase resin

4.0 mm gap (PDMS healing system)
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Damage Filling Results

Maximum Fill Size
3mm 4mm 5mm

Failure

HEMA

HEMA
eflon-Coated Substrate

Success
Pre-mixed Epoxy

Pre-mixed Epoxy

eflon-Coated Substrate

HEMA with Gelators

-
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Multi-Scale Scaffold

g Concept: Larger damage volumes can be
regenerated using multiple scale scaffolds

« Coarse Scaffold: Fiber bridging/pullout

* Molecular Scaffold: Gel of bi-phase

. material

N
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Fiber Bridging:

Carbon Fiber Reinforced Epoxy
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Segregation of Damage Volume via Fiber Pullout

Specimen Geometry

(o A\

Single dde Noé&hg%ggasion (SENT)
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Fill Testing of Bridged Region

Vertiical Oiemtstion: iakohéa Premibxed
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Summary

« Embedded Valve Systems

— Mitigates blockage of network for multiple healing g
cycles

— Autonomic delivery via pressure actuation

- Bi-phase, 2-part Resin Chemistry -
— Tunable kinetics for each constituent ;.?2";,,3)

o

— Facile delivery of low viscosity, 2-part gel/resin system ﬂﬁ“ﬂ

— Exceeds surface tension limitations to fill large
volumes

 Regeneration of composite materials

— Fiber bridging as vehicle for regenerative healing ﬂ
— Combined with bi-phase system, multi-scale scaffolds
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