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Photopolymerizations Generally
_ead to Shrinkage Stress
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Solving Shrinkage Stress

« Shape/molecular structure of cross-linked polymers
traditionally set, fixing in shrinkage stress

« Solution: Incorporate functional groups that reversibly
cleave and reform in a controllable manner

HOW?

« Select dynamic covalent backbone chemistry that rapidly
and reversibly rearranges in the presence of active
centers (radicals)

« Use light exposure to frigger the radical generafion
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The Allyl Sulfide Functionality:

Addition-Fragmentation Chain Transfer (AFCT)
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The Allyl Sulfide Functionality:
Addition-Fragmentation Chain Transfer (AFCT)
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The Allyl Sulfide Functionality:
Addition-Fragmentation Chain Transfer (AFCT)

'S R2

N

Ris S~~~ S~ s

Formation of a new “near-equilibrium’™ connection
and reformation of the propagating radical
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Hypothesis: Addition-fragmentation allows thiol-ene

networks to find a lower energy state.
Reduction of stresses induced during photopolymerization?

I/ﬁ'\of"\/s \J'I\/S\/’\O/\\

2-Methylene-propane-1,3-di(thioethyl vinyl ether) (MDTVE)
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Concurrent Thiol-Ene Polymerization/
Addition-Fragmentation Chain Transfer
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Incorporation of the Allyl Sulfide AFCT
Functionality in a Thiol-Ene Network

'‘Ene’ monomer

/\O/‘\/S \J.L’S\/\O/\
2-Methylenepropane-1,3-di(thioethyl vinyl ether)
(MDTVE, “allyl sulfide™)

«//\O/\/S \)\’S\/\O/\
2-Methylpropane-1,3-di(thioethyl vinyl ether)
(MeDTVE, “propyl sulfide”)

HS/\/[(O (j\\/‘SH
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Pentaerythritol tetra(3-mercaptopropionate)
(PETMP)

‘Thiol' monomer
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Stress Relaxation During Photopolymerization:

i A Successful Demonstration
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Photocurable thermosets

Stage

/Photopolymers &\
Photopolymer /“J ——7&/ 1 :
Built vat X ~ 8 r% —
A secs.
~ i
\_monomer crosslinked networy
Projector TMPTA (acrylate) ECC (epoxide)

Bottom-Up SLA
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Thermoplastics in SLA

0
Unique challenges o NF
- Photopolymerizable AN
- Rapid curing rate diony? terephthalate
- Solid-liguid phase separation (DAT)
HS/\/\/\/SH

1,6 — hexanedithiol O:><O /
/ :o o:

3,9-divinyl-2,4,8,10-
tetraoxaspiro[5.5]lundecane
(DVTU)

Mater. Horiz. 2020, /7, 835 1 MONASH

J. Appl. Polym. Sci. 2018, 135, 46259 University
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Thermoplastics in SLA

Unique new challenges s o~
. . o
- Slow crystallization L 15 A9
Poor interlayer adhesion 2 "y e
2107 diollyl’r}epb’rhalo’re
e i (DAT)

5
HS/\/\/\/SH ”

1,6 — hex@ ediThK%

@

Strain g/o :

3,9- d|V|nyI 2,4,8,1 O-
tetraoxaspiro[5.5]lundecane
(DVTU)

Polym. Chem., 2020, 11, 39 ] MONASH
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Addressing Thermoplastic Limitations in SLA

Ag As Aq
%SJL/S\/‘—E/S\J.\/S\X;—E{S\L 's?,e
Addition-fragmentation chain transfer

« Stress relaxation
 Bond rearrangement
K“\ R

. ——

n Semi-crystalline polymer

Macromol. 2010, 24, 10188

Macromol. 1996, 29, 22, 6983-6989 Mr%/lgé%/_l



Photopolymerization Kinetics: DSC
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Photopolymerization Kinetics: Rheometry
/400—500 nm, 10 mMW/cm?
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Dark Crystallization

109?
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Crystallization Photopatterning

» Crystallization confinement
enables layerwise photopatterning

2
0.5 wi% Irgacure 819, 405 nm @ 10 mW/cm =5 MONASH
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Stereolithographic Printing

50:50 CAS/:CAS8 25:75 CAS/7:.CAS8
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Bulk Mechanical Properties
CAS7:CAS8
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Increasing CAS8 content
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Printed Mechanical Properties
2575 CAS7:CAS8
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Thermoplastic Melting
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RINg-Opening Copolymers

Anionic ring-opening H
copolymerization of ¢- CL @ I QM"Q
O

caprolactam (CL) with

w-laurolactam (LL) NH o )
- More flexible chains — @\/WVW”)

* Lower crystallinity
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Mechanical Properties
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