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Low Oxygen Inhibition Thiol-ene Photopolymerization System for
Near-infrared Ink Direct Writing 3D Printing

HU Peng, PAN Yue, XU Hang, MIAOQO Jia-tao, LLIU Ren"
(School of Chemical and Material Engineering » Jiangnan University , Wuxi 214122, China)

Abstract: Upconversion particle-assisted near-infrared photopolymerization (UCAP) has shown promising appli-
cations in 3D printing. However, due to the low fluorescence efficiency of upconversion particles, the surface of
the printed material suffers from severe oxygen inhibition effects. It reduces the printing speed and printing ac-
curacy. In this study, we overcome this difficulty by introducing thiol-ene photopolymerization monomers into
the ink design. By optimizing the printing ink formulation, it was found that the ink with secondary thiol-olefin
monomer as the light-curing substrate and 4% thixotropic agent addition exhibited the best thermal stability and
printing performance. By using this optimal ink formulation for 3D printing, fast printing of black lattice struc-
tures and unsupported spiral structures at 25 mm/s printing speed (1 mm diameter nozzle) was successfully
achieved. The mechanical properties of the printed material were comparable to those of the molded material,
with a tensile strength of 55 MPa.
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Figure 1 Schematic diagram of the near infrared DIW printing process. and the structure of

thiol-ene monomers, photoinitiator used in this study
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Figure 2 (a) Absorption spectrum of photoinitiator BAPO and fluorescence spectrum of upconversion particles

under 980 nm excitation; (b) SEM image of the morphology of upconversion particles
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Figure 3 (a)Functional group conversion-time curves of different thiol-ene systems (UCPs content 2 wt% , light in-
tensity 25 W/cm?) ; (b) Double bond conversion-depth curves of different thiol-ene systems (UCPs content 2 wt %,
light intensity 25 W/cm”, irradiation time 200 s) ; (¢) Double bond conversion at different distances from the center of

the polymer line cross section to the edge; (d) Thermal stability test of different thiol-ene systems (DSC temperature

increase rate 5 °C /min)
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Figure 4

(a) Thixotropy-structure recovery test of printing ink with different SiO, contents; (b) Variation of storage

modulus G', loss modulus G” and double bond conversion with time during real-time curing of printing ink (SiO,

content of 4 wt% , light intensity 25 W/cm” . light on at 30 s after the start of the test)
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Figure 5 Variation of storage modulus and loss modulus of printing ink with shear stress for (a) 4 wt%,

(b) 6 wt% . (¢) 8 wt% and (d) 10 wt% of SiO, addition
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