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Abstract — We made 8 wt% silica dispersion system with fumed silica and photo curable acrylic monomer by beads
mill process. These dispersions could be applied in organic/inorganic hybrid coating systems. These dispersions could be
applied in organic/inorganic hybrid coating systems. The 4 species of photo curable acrylic monomer which was pres-
ence of hydroxyl group, different solubility parameter, and different molecular size were used in the silica dispersions.
Stability of polar solvent, isopropyl alcohol, in silica dispersions was investigated. We investigated the stability of silica
dispersions by using steady-state and dynamic rheology. As the monomer has hydroxyl group increased in mono and
binary monomer silica dispersions, they showed non flocculated stable sol (loss modulus (G")> storage modulus (G')).
When polar solvent IPA was added into slightly flocculated silica dispersions, they changed to non flocculated stable sol.
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The Viscosity and Rheology of the Silica Dispersion System with UV Curable Monomers
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Table 1. Characteristics of UV curable monomers used in this study
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A= Caprolactone acrylate(CA, U]-AAFHAE A Z(F)), 1,6
Hexanediol diacrylate(HD, 7|1~ dEJA| 7] ZHF*)), Trimethylolpropane
triacrylate(TM, B AF2EJA7)Z(F%)), Pentaerythritol triacrylate
& tetracylate 3= (PE, AGI jit, Pentaerythritol triacrylate: Pen-
taerythritol tetracrylate=45:55)= 57} A% 0] AR5 lsopropyl
alcohol(TPA, T8l 4A EAFA| oA 24417 E2F B3 S5 A
7] F ARSI Table 105 & A7l ARS-¥ UV 313 g

DHildebrand Solubility parameter (cal/cm?)!/?

Chemical description Abbreviation Total

Dispersion Factor

Molecular Viscosity

Polarity H-bond weight (cps, 25 °C)

©p ©p factor (3;)  Factor (&)
Caprolactone acrylate CA 9.143 6.373 6.286 1.863 344 67.0~82.0
1,6-Hexanediol diacrylate HD 9.698 7.563 5.204 3.216 226.27 5.0~15.0
Pentaerytoltriacrylate and tetraacrylate mixture PE? 10.108 6.760 5.953 4.588 352 900~1200
Trimethylolpropane triacrylate ™ 9.787 6.925 5.468 4235 292.32 80~120

DValue from group contribution
DSolubility parameter value for pentaerythritol triacrylate
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Scheme 1. Molecular structure of UV curable monomers used in
this study.
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Table 2. Recipe of silica dispersion contained various UV curable acrylate

monomers
UV curable monomer (wt%)  Solvent (wt%) SiO.
Sample No 2
CA PE HD T™M P (Wt%)
CA10-Si 8 92.0 8.0
CA8HD2-Si 8 73.6 18.4 8.0
CA6HDA4-Si 8 55.2 36.8 8.0
CA2HDS8-Si 8 36.8 55.2 8.0
HD10-Si 8 92.0 8.0
IPSCA2-Si 8 18.4 73.6 8.0
IP6CA4-Si 8 36.8 552 8.0
IP4CA6-Si 8 552 36.8 8.0
IP2CA8-Si 8 73.6 18.4 8.0
CA10-Si 8 92.0 8.0
IPSPE2-Si 8 18.4 73.6 8.0
IP6PE4-Si 8 36.8 552 8.0
IP4PE6-Si 8 552 36.8 8.0
IP2PES8-Si 8 73.6 18.4 8.0
PE10-Si 8 92.0 8.0
IPSHD2-Si 8 18.4 73.6 8.0
IP6HD4-Si 8 36.8 552 8.0
IP4HD6-Si 8 552 36.8 8.0
IP2HDS-Si 8 73.6 18.4 8.0
HD10-Si 8 92.0 8.0
IPSTM2-Si 8 18.4 73.6 8.0
IP6TM4-Si 8 36.8 552 8.0
IP4TM6-Si 8 552 36.8 8.0
IP2TM8-Si 8 73.6 18.4 8.0
TM10-Si 8 92.0 8.0
3. 4% Y ER
3-1. 22t UV 23R TR 27 2412 [Hs HE
2% dhko] slo] =2=A17] 71x] CAS) olF AT vk 7HA] AL 9
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WA 755w Bokth CAL slol=FAl7] J3ow Bl
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Fig. 1. Shear viscosity as a function of the shear rate for CAxHDy-
Si 8series.
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Fig. 2. Elastic (G') and viscous (G'') moduli as function of the fre-
quency for CAxHDy-Si 8 dispersion series: (a)HD10-Si 8
dispersion, (b)CA2HDS-Si 8 dispersion, (c)CA4HD6-Si 8 disper-
sion, (d)CA6HD4-Si 8 dispersion, (¢)CAS8HD2-Si 8dispersion,
(f)CA10-Si 8 dispersion.
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Fig. 3. Log scale viscosity of silica dispersions as a function of IPA
contents for IPAxTMy-Si 8, IPAxHDy-Si 8, IPAxPEy-Si 8 and
IPAxCAy-Si 8 series.
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