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Shrinkage stress reduction in photopolymerization by
polysiloxane-modified nanogel
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ABSTRACT A polymerizable nanogel was synthesized with methacrylate-modified polysiloxane, urethane
dimethacrylate and isobornyl methacrylate as main raw materials in the presence of a thiol chain transfer agent. The
kinetics of photopolymerization, shrinkage stress, mechanical properties and thermostability of UV-cured materials
with different contents of nanogel were investigated. The results indicated that the addition of nanogel could delay the
onset of stress and further reduce the overall photopolymerization stress without compromising the mechanical
properties of the resulting polymers, when the added mass fraction was within 20%. Moreover, with the addition of
nanogel, the thermostability of the resulting polymer was strengthened.
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GPC 52U F:

IR(KBr): 3388 cm ', 1534 cm ' (-NH); 2 925—
2975 cm ' (-CHs, —CH,-); 1725 em™ ' (>C=0); 1639
em ' (-C=CH-); 1020-1092 cm ' (-Si—0-Si-);
1260 cm ™' ; 802 cm™'(—Si—CHj).

'H-NMR (CDCl;): 6=5.60-6.20 (—C=CH,), o=
4.60-4.00 (-CH,CH,~O-), 6=2.80-3.50 (-NH-),
6=1.70-2.00 (=C—CHs), 6=0.53-1.68 (-Si—CH,-),
6=0.05-0.10 (-Si—CH3).

¥Si-NMR (CDCIl): 6=10.00 (—CH,—Si(CH;3),—
0-), 6=—21.96 (—-O—Si(CH;),~0-).

GPC (Multiple PS standards): M,=452000, 731
RN 5.32.
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Fig.1 TEM image of the nanogel

060303-3



WA HE RS RS L2 %M 2015,33:060303(6)

22 RBEAFHE

TEEHEA 10 mW/em® 26, 5 8RYPKEERTE
ANFETIREEG N ROC R G B J157, 2R W 2 B

100

L

80 F

60

—4— Sil5M-10%
+— Sil5SM-20%
—a— Sil5M-30%

40f

Double bond conversion / %

20 —w— Sil5M-10%
—— Control
0 - 1 1 {n 1 1
02 0.4 78 9 10

Irradiation time / min

B2 ARYREIK S B TEGDMA fF £ 1)
Piet eI PAE S
Fig.2 Photopolymerization kinetics profiles for TEGDMA
systems with different contents of nanogel
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Fig.3 Shrinkage stress (a) andstress correlation with conversion profiles (b) for
TEGDMA systems with different contents of nanogel
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Table 1 Flexural strength and flexural modulus for
TEGDMA systems with different contents of nanogel

(3N 25 il 5 5/ MPa = iR/ GPa
Systems Flexural strength Flexural modulus
= F IR 78.6 2.01
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Table 2 Thermal decomposition parameters of UV-cured
films with different contents of the nanogel
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Control
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TG(a) and DTG(b) curves of UV-cured films with different contents of nanogel
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