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Extrusion-based 3D Printing
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Acrylate-endcapped Urethane-based Polymers (AUP)
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AUP Precursors
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Both samples show liquid-like viscoelastic behavior. The terminal relaxation of both samples is not reached.



Objectives

Understanding the dynamics of AUP networks
photo-crosslinked either in solid state(20°C) or
in molten state(70°C).
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Understanding the dynamics of AUP networks
photo-crosslinked either in solid state(20°C) or
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Isothermal-crystallization: the equilibrium state is

rapidly reached at lower temperature.
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UV Photo-crosslinking on rheometer
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The photo-crosslinking reaction completes in 5mins. The plateau storage modulus decreases with
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The Influence of Temperature on Photo-crosslinking

A lower chemical crosslinking plateau
modulus is observed for AUP2k photo-
crosslinked in solid state(20°C).
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The Influence of Molar Mass on Photo-crosslinking
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The Influence of Molar Mass on Photo-crosslinking
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With increasing the molar mass of the backbone, the
chemical crosslinking plateau modulus deceases.
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With increasing the molar mass of the backbone, the concentration of the acrylate groups deceases,
leading to a low degree of photo-crosslinking reactivity.

The diffusion/mobility of the polymer chain plays an important role in the UV photo-crosslinking reaction.



Crosslinking Density of AUP Networks
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0.8 Final conversion of the acrylate group was obtained by
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Conclusions and Perspectives

® Photo-crosslinking density in solid state(20°C) is lower than that of the counterparts
in molten-state(70°C). With increasing the molar mass of AUPs, the crosslinking
density decreases due to lower concentration of acrylate groups.

® The fraction of acrylate groups that is photo-crosslinked was estimated. A good
agreement was found in molten state with the one obtained by DPC measurement.

® Further study on these AUP networks in hydrated state will be expected.
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Crystals can be formed for AUP20k precursor and AUP20k-UV crosslinked at 70°C.

AUP2k: If the precursor sample is photo-crosslinked in molten state, the resulting network cannot
crystallize anymore? If the precursor sample is photo-crosslinked in solid state, even if the sample is
melted, the crystals can be re-formed back once temperature is decreased?
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Thank you for your attention.






0.
H’[' OH PEG backbone

A N‘/ﬁﬁ\ JDJT o_N ¢ d
" o 2 .o | Bi-neodecanoate
H*O\/‘}\OH + =N e —_ O’C H O/\4'n Tr N Yxg Ns"-"
n o*© N o] N 75°C

IPDI

N 2 H 0 H 0
z PEG-IPDI
2N N N -
o ] o - N)-L[.O/\,}o NJL[T]/\‘];O W e
N JLI‘ /\+O N ij /\+O N“C fo) H n 3 H 5 (intermediate product)
o*© N1 n N n <0
(o] Q -1
X-1

0
\)jfo :3” Bi-neodecanoate
+ \/é .0 OEOQacr 80°C
N Pois
.G~ N
o7

o) F ] 0 Q
H H
Fiiure 2.6. The reaction of PEG and IPDI during the 15t reaction ste _ X o N n™ . rethone e e
g P \)LO{/\/ 6{1‘; HJL{O/\']: I HJL[\O/\']VS \Cf(\ urethane based PEG

1st step

PEG IPDI

(A) using a catalyst that is (e.g. DBTL) over the
secondary isocyanates resulting in a monodisperse intermediate product and (B) using a (AUP)
catalyst of a _ (e.g. Bi neodecanoate), resulting in an intermediate product

with “PEG-IPDI” units repeating with an average number of x, and yielding unreacted Where,n= 45 for AUP2 (PEG 2000) &nd) ¥=3) Jhlaverage!
IPDIs 91 for AUP4 (PEG 4000)
182 for AUP8 (PEG 8000)

Molar mass of 227 for AUP10 (PEG 10000)
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AUP2 2000 0.550 7400 8900 1.2
AUP4 4000 0.330 9900 14000 1.4
AUPS8 8000 0.166 17800 28000 1.6
AUP10 10000 0.141 23000 31300 1.4

AUP20 20000 0.065 39600 63800 1.6
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