Fast, Local, a

neology of P
Polymers usi

)

:

nd In-situ Cure
oto-processable

g Atomic Fo

Microscopy

Dr. Callie Fiedler-Higgins
National Institute of
Standards and Technology

RadTech 2018 e 7 May 2018
contact: callie.higgins@nist.gov

Ce

MATERIAL MEASUREMENT LABORATORY



Motivation: Additive Manufacturing
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3D Printing: Light-induced

Nozzle-based printing Stereolithography
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3D Printing: Light-induced
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In-situ Characterization: State-of-the-art
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In-situ Characterization: State-of-the-art
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In-situ Characterization: State-of-the-art

| B
| .
: : Oscillatory I Optical Spectroscopy I
100 | | Rheometry
I i Absorbance at 810 cm™' Conversion (%)I
. & SLA Voxel Size > | i 1|7
| ]
I I Nano- oal
3 : indentation
i i
I 04} {50
Temporal 10_3JL ————————————— JI _______________________
Resolution (s) : Optical Spectroscopy o] |
| In-situ Resin |,
| I 0o8F ‘ ¢ 40
| Measurement | S , .
: : Laier o Time (second:
10—6Jm_mi__!_.“wm“-¢
108 10° 10 102

High Resolution — Small Sample Size

Spatial Resolution (m)

NIST http://www.directindustry.com/prod/anton-paar/product-16352-1645542.html MATERIAL MEASUREMENT LABORATORY

Andrzejewska, E., & Andrzejewski, M. (1998). Journal of Polymer Science Part A: Polymer Chemistry, 36(4), 665-673.



In-situ Characterization: State-of-the-art
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Atomic Force Microscopy
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Atomic Force Microscopy

Dynamic Contact Sensing: Contact Resonance
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Atomic Force Microscopy

Dynamic Contact Sensing: Contact Resonance
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Adapting Current System
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Adapting Current System
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In-situ cure: Dual-cure material
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In-situ cure: Dual-cure material
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In-situ cure: Dual-cure material
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In-situ cure: Dual-cure material

Varied exposure power, constant dose

energy dose (mJ) = power (mW) x exposure time (s)
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In-situ cure: Dual-cure material

Varied exposure power, constant dose

energy dose (mJ) = power (mW) x exposure time (s)
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In-situ cure: Dual-cure material
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In-situ cure: Dual-cure material

Exposure spatial dependence : damping (Q) and stiffness (f,)
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In-situ cure: Commercial, liguid AM resin
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In-situ cure: Commercial, liguid AM resin
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In-situ cure: Commercial, liguid AM resin
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Summary
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