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FTIR-ATR SPECTROSCOPIC STUDY OF MIGRATION OF NANO-SIOz
PARTICLES IN COMPOSITE COATINGS

QIU Weili, MA Xiaohua , YANG Qinghe, Fu Yanbao, ZONG Xiangfu
(Department of Materials Science, Fudan U niversity, Shanghai 200433, China)

Abstract:  The migration phenomena of nano-SiO:zparticles in UV cured composite coatings are studied by FTIR-
ATR and the factors affecting the distributing gradient of nano-SiO: particles in coating are discussed by semi-
quantitative analysis. The results show that nano-SiO: particles migrate to the surface of composite coatings. The
distributing gradient of nano-SiO; in the coating is larger when the nano-SiO, content or its molecular weight or
graft ratio or the polarity of host resin is larger.
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Table 1 Basic prescriptions of acrylate coating,
epoxy resin coating and polyurethane acrylate coating

M ass fraction in coatings/ %

Composition Acrylate Epoxy resin  Polyurethane

coating coating acrylate coating

Epoxy acrylate 40.0

Oligomer of 40.0
polyurethane acrylate

HDDA 88.2 51.8 51.8
TMPTA 8.8 5.2 5.2
Irgacure 184 3.0 3.0 3.0

1.4 FTIR-ATR
, ATR

(SPECTRA TECH inc), ATR
KRS-5, 30 60°
Nicolet Co. MAGNA-IR 550

2
SiOZ )
SiO:
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Table 2 Main bands of silicon compounds in FTIR

Frequency of
Groups Note

References
vibrations/ cm™ *

Si—OH 3700 3600; Vibration of dissociated OH [5, 6]

3400 3000; Vibration of combined OH

950 830 Vibration of Si—O
Si—O—Si 1100 1000; Vibration of Si—0O—Si, [7 9]
strong
800 790 Vibration of Si—O
Si—O—CHs 1090 Vibration of Si—O—C [7 9]

Si—O—Cz2Hs 1090 Vibration of Si—O—C,
a pair of peaks

Si—O—CgHs 970 920 Vibration of Si—O—C
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Fig. 2 FTIR-ATR spectra of polyacrylate composite coating
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1 Si02 57'
SiO- ( 4 SiO2
8.0%, ), SiO: ( 8.0%)
SiO, 3 Table 4 Distributing gradients of the same nano-SiO2
SiO: particles in different host resins
(Mass fraction in composite coatings was 8. 0% )
Host resins Distributing gradient
Sio Polyacrylate 0. 07501
y 2
. Polyepoxy acrylate 0. 11677
SI02 2 78 Polyurethane acrylate 0. 12805
SiO:
( 11. 0% ),
: 3
SI0: Sio
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Table 3 Distributing gradients of nano-SiO: SI10:
particles in polyacrylate coatings , ,
Coatings . Mass Distributing !
Nano-SiO»
samples fraction/ % gradient
1 M1683-S1078-G33. 5 2.0 0. 04952
2 M1683-S1078-G33. 5 11. 0 0. 06232
3 M1683-S1078-G33. 5 18.3 0. 10958 [1] , . [M].
4 M1151-S746-G31.8 8.0 0. 08928 , 2002. 51- 67.
5 M1313-S846-G32. 5 8.0 0. 07501 [2] ! : .
6 M1543-S1027-G30.0 8.0 0. 05557 [J. , 2000, 13(2): 211- 218
3 M] .
7 M1198-S1030-G10. 0 11.0 0. 04648 3] [M]
, 1994. 136- 146.
8 M1519-51070-G25. 0 110 0. 05200 [4] Evanson K W, Urban M W. Surface and interfacial FTIR
Note: Direct description of nano-SiO,samples, M is the number spectroscopic studies of latexes ( ): Surface-copolymer
average molecular weight of SiO, particles after ester interactions [J]. J Appl Polym Sci, 1991, 42(8): 2287-
exchange reaction; S is the number average molecular 2296.
weight of SiOy particles before ester exchange reaction; G [5] Landry. c _J T, Coltrain B K’_ Wes.son JA, etal. |n--SItU
is the fraction of the number of acrylate groups to the total polymerization of tetraethoxysilane in polymers: Chemical
. nature of the interactions[J]. Polymer, 1992, 33(7): 1496-
reactive groups. 1506,
4 sio [ 6] Wung C J, Pang Y, Prasad P N, et al. Poly (p-phenylene
102 vimylene) - silica composite: A novel sol-gel processed non-
( 8. 00/0) linear optical material for optical waveguides [J] . Polymer,
4 SiO, 1991, 32(4): 605- 608.
. [7] : : . Pl1/ SiO2
, SI0:2 [J]. , 2000, 17(4):
15- 19
SiO: [ 8] Bosch P, Monte F, Mateo JL, et al. Photopolymerization of
’ hydroxyethylmethacrylate in the formation of organic-
inorganic sol-gel matrices [J]. J Polym Sci Part A: Polym
Chem, 1996, 34(16): 3289- 3296.
[99 WuSB, Sears M T, Soucek M D, etal. Synthesis of reactive

diluents for cationic cycloaliphatic epoxide UV coatings [J].
Polvmer 1999 40(20): 5675- 5686



