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Preparation and properties of UV-cured castor oil-based
polyurethane acrylate/SIO, hybrid materials
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Abstract: Castor oil-based polyurethane acrylate (COPUA) was synthesized from isophorone diisocyanate
(IPDI), castor oil (CO) and hydroxyethyl acrylate (HEA). Modified silica sol was prepared by sol-gel
method using tetraethyl orthosilicate (TEOS) and 3-methacryloxypropyltrimethoxysilane (MEMO) as raw
materials and then combined with COPUA to prepare COPUA/SiO, hybrid materials. The effect of molar
ratio of MEMO to TEOS on the properties of modified silica sol was investigated. The optimal molar ratio
of MEMO to TEOS was 1 : 1 (MT-1). The effect of addition amount of MT-1 on the properties of
COPUA/SiO, hybrid material was studied. The COPUA/SiO, hybrid materials and coatings were
characterized by FTIR, TEM, SEM, TGA and AFM. The mechanical and surface properties of hybrid
coatings were tested. The result showed that when the addition amount of MT-1 was 15% of the mass of
COPUA, the prepared hybrid coating had a smooth and flat surface, indicating that SiO, particles were
evenly dispersed in COPUA. The light transmittance of the prepared coating reached 100.20%, the hardness
was SH, the adhesion was grade 0 and the flexibility was 1 mm, the tensile strength was up to 13.52 MPa
and the elongation of section was 7.49%.
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Table 1 Preparation conditions of modified silica sols

FEMH TEOS/g MEMO/g CH;CH,OH/g H,O/g p-TSAlg
MT-0 5.20 0 4.60 0.900 0.018
MT-0.5 5.20 3.10 4.60 1.238 0.025
MT-1 5.20 6.21 4.60 1.575 0.032
MT-1.5 5.20 9.31 4.60 1.913 0.038
MT-2 5.20 12.41 4.60 2.250 0.045
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Table 2 Properities of UV-curing hybrid coatings

r e e TWRIE  BRRMBCR BIE

/MPa % %"
MT-0  3H 0 4.13 9.32 94.42
MT-0.5 4H 0 10.41 8.63 99.97
MT-1  5H 0 13.52 7.49 100.20
MT-1.5 S5SH 2 17.70 6.01 101.10
MT-2  4H 3 15.15 5.85 102.70
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Fig. 2 FTIR spectra of COPUA and COPUA/SiO,-10%
before and after UV curing
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SEA, BB T AR 0B 578 HLAH 22 8] %) 5 A 2 1

KT REFRZHREIEN, BEZH
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SEM images of surface of UV-cured hybrid
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COPUA/Si0,-20% (¢) and COPUA/Si0,-25% (f)

hybrid coatings and SEM image of cross-section of
COPUA/ Si0,-15% (g) hybrid coating

Fig. 3
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Al AR B s 0200 i L ok LR AT U RN 15%K), o (13.52 MPa) Flle (7.49% ) ik
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bl 99
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L

3 [
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padaany R =0.637 nm PK/nm
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[l 4 COPUA/SiO5-5%(a ), COPUA/SiO»-10% (b ), COPUA/SiO,-15% ( ¢ ), COPUA/Si0,-20% ( d ) Fl COPUA/Si0,-25%
(e) UV [EfuZefbinZ 1) AFM 185 PC AR AT IR )2 19 PC AR UV-Vis itk ()
Fig. 4 AFM images of UV-curing hybrid coatings COPUA/Si0,-5% (a), COPUA/Si0,-10% (b), COPUA/SiO,-15% (c),
COPUA/Si0,-20% (d) and COPUA/Si0,-25% (e) hybrid coatings; UV-Vis curves of PC sheet and PC sheets coated
with coatings (f)
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Fig. 5 Stress-strain curves of UV-curing coatings (a) and their corresponding tensile strength and elongation at break (b)

3 UV ELIRIZ M kR 26 AIRTEMSW
Table 3 Mechanical properties of the UV-curing coatings K 6a. b B HASESE T &% 2R TGA
Pl E/MPa oMPa &% DTG M2k, HRKMEST% 4. EABRBMKE
ggggs,o N ;3;2;6 lzgj ;z: 10%1 50%FIMLRE ( Tiose. Tsow ) #BEH COPUA il #
i0,-5% . . . . NS e T =, oyeey o E
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Fig. 6 TGA (a) and DTG (b) curves of UV-curing coatings
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Table 4 Characteristic thermal decomposition data of UV-
curing coatings
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I o %
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Table 5 Properities of the prepared coatings
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