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Fig. 1 Flow chart for the preparation of fluorinated organic-inorganic hybrid materials
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Fig. 4 SEM images of fluorinated hybrid materials with various TEOS/FA molar ratio
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Table 1 Elemental atomic composition by XPS analysis and in bulk in bracket calculated from stoichiometry for fluorinated hybrid materials with

different molar ratio of TEOS/FA

TEOS/FA  molar ratio Cls Si2p Ols Fls
1:1 35.31 28.51 4.46 10.27 15.52 17.54 44.71 41.67
4:1 34.31 20.33 5.36 21.96 17.21 26.58 43.12 29.71
8:1 33.49 15.79 6.06 28.43 17.75 31.58 42.70 23.08
2.5 7.
d
Y. o7
TEOS/FA > 4
FA
45
. XPS
FA FA
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Table 2 Contact angles and surface free energies of fluorinated hybrid coatings as a function of TEOS/FA molar ratio

TEOS/FA  molar ratio

Viscosity x 10° Pa s

o

Contact angle Surface energy mJ/m*

H,0 CHy 1, 7. 7! 14
1:1 0.70 120.9 93.0 11.48 11.41 0.07
2:1 0.74 116.6 91.7 11.96 11.61 0.34
4:1 0.84 113.9 85.3 14.87 14.59 0.29
8:1 0.95 111.1 83.3 15.84 15.35 0.49
12:1 1.11 110.2 81.9 16.54 16.02 0.52
2.6 1.2+
Si0, o LI
s g 1L0f
) L
El 0.9
= 08
oh
= 07+
20 mm X 20 mm X 2 mm £ 06
Z 06f
3
7 5 = 05F
< 0.4+
03 C 1 1 1 1 1 1
X, S 0 2 4 6 8 10 12
7 Molar ratio of TEOS/FA
+28 Fig. 5 Effect of various TEOS amounts on added weight
of fluorinated hybrid coatings on the Al alloy surface
TEOS

1:12:1 4:1 8:1
7659 8772 9524

TEOS:FA

11225.



878

2008

O 0 N N W R WN

TEOS
7 /Si0,
TEOS 3
/Si0,
HG/T2884-1997
-20+2 C 1h 23+2 «C
30 min 80+2 °C l1h
3
REFERENCES

Urushihara Y Nishino T. Langmuir 2005 21 2614 ~ 2618

Nishino T Meguro M Nakamae K Matsushita M Ueda Y. Langmuir 1999 15 4321 ~ 4323

Tsibouklis ] Graham P Eaton P J Smith J R Nevell T G Smart ] D Ewen R J. Macromolecules 2000 33 8460 ~ 8465
Kim D K Lee S B Doh K S.]J Colloid Interface Sci 1998 05 417 ~ 422

Kim D K Lee S B.]J Colloid Interface Sci 2002 247 490 ~ 493

Sawada H Itoh N Kawase T Mitani M Nakajima H Nishida M Moriya Y. Langmuir 1994 10 994 ~ 995

Sawada H Ohashi A Oue M Baba M Abe M Mitani M Nakajima H.J Fluorine Chem 1995 75 121 ~ 129

Nakagawa ] Kamogawa K Momozawa N Sakai H Kawase T Sawada H Sano Y Abe M. Langmuir 1998 14 2061 ~ 2067
Nakagawa ] Kamogawa K Sakai H Kawase T Sawada H Manosroi ] Manosroi A Abe M. Langmuir 1998 14 2055 ~ 2060
Qian B T Shen Z Q. Longmuir 2005 21 9007 ~ 9009

Tadanaga K Morinaga ] Matsuda A Minami T. Chem Mater 2000 12 590 ~ 592

Salou M Yamazaki S Nishimiya N Tsutsumi K. Colloid Surface A 1998 139 299 ~ 310

Zandi-zand R Ershad-langroudi A Rahimi A.J Non Cryst Solids 2005 351 1307 ~ 1311

Zandi-zand R Ershad-langroudi A Rahimi A.Prog Org Coat 2005 53 286 ~ 291

Metroke T L. Parkhill R L. Knobbe E T.Prog Org Coat 2001 41 233 ~ 238

Gu G T Zhang Z ] Dang H X. Mater Res Bull 2004 39 1037 ~ 1044

Zheng C Lin A Zhen X Feng M Huang J Zhan H B.Opt Mater 2007 29 1543 ~ 1547

Fabbri P Messori M Montecchi M Nannarone S Pasquali L Pilati F Tonelli C Toselli M. Polymer 2006 47 1055 ~ 1062
Jeong HJ Kim D K Lee S B Kwon S H Kadonoz K. ] Colloid Interface Sci 2001 235 130 ~ 134



9 /810, 879

SYNTHESIS AND SURFACE PROPERTIES OF FLUORINATED
ORGANIC-INORGANIC HYBRID COATINGS

YU Qingjie MA Xuehu HAO Tingting YUAN Dazhong
Institute of Chemical Engineering  Dalian University of Technology —Dalian 116012

Abstract  Fluorinated organic-inorganic hybrid materials were prepared using fluorine-containing monomers
silicone-containing monomers and tetraethyl orthosilicate by free-radical random copolymerization and sol-gel
process and applied as functional coatings onto aluminium alloy substrates. The fluorine-containing monomer used
was dodecafluoroheptyl methyl acrylate FA  and silicone-containing monomer used was vinyltriethoxy silane

VTES . Tetraethyl orthosilicate TEOS was added to pre-polymerized FA-co-VTES PFAS  solution to co-
hydrolyze and co-condense with different addition values. The influence of inorganic component content TEOS on
the physical properties of the coating films were characterized by FTIR TGA GPC SEM and XPS. The surface free
energies of fluorinated organic-inorganic hybrid materials prepared were estimated from the contact angle data
measured by sessile-drop method. Transparent coating films with smooth surface and uniform thickness could be
obtained by the dip coating technique. FTIR and XPS results indicated that owing to the strong electronegativity of
the fluorine atoms hydrophobic perfluoroalkyl groups were preferentially enriched to the outermost layer at the
coating film-air interface and three layers probably existed in the coating film. The upper layer oriented toward the
air was composed of mainly perfluoroalkyl groups originating from FA the intermediate layer was composed of
hydrocarbon backbone chain originating from vinyl polymerization and the bottom layer was composed of mainly
—O—Si—O0— network originating from TEOS. The fluorinated organic-inorganic hybrid materials prepared were
very hydrophobic and exhibited excellent water repellency. It was demonstrated that the water repellency properties of
PFAS/SiO, hybrid materials was governed by hydrophobic perfluoroalkyl groups of the outermost layer. The contact
angles of the coating films for water and methylene iodide were extremely high at 120.9° and 93° respectively for
TEOS/FA mole ratios at 1:1 and their surface free energies were about 11.48 mJ/m’ . An important role of tetraethyl
orthosilicate TEOS was to increase the density of the reaction sites of the —OH groups with the surface area and
the thickness of fluorinated organic-inorganic hybrid coatings. It has been confirmed by FTIR and GPC results that
the increase of TEOS amounts could enhance hydrolysis and condensation of alkoxide precursors to improve the
adhesion between hybrid coating and aluminum substrates by the formation of Si—O—Al bonds. It was also testified
that the increase of inorganic silica content had a significant effect on the improvement of thickness of the bottom
Si0, layer while it had a slight influence on the surface wettability of the hybrid coatings. The useful properties of
fluorinated organic-inorganic hybrid coatings like better thermal stability and improved corrosion resistance could be
significantly enhanced by the improvement of thickness of the bottom SiO, layer and bonding between SiO, layer and
aluminum substrates . Morphology analysis by SEM showed that the introduction of flexible organic phase could relax
the stress and reduce the microcracks caused by the volume shrinkage of silicon network during heat treatment
process. The thermal stability of fluorinated organic-inorganic hybrid materials studied by using TGA technique could
be improved with TEOS amounts. The burming temperature should be less than 290°C  because the perfluoroalkyl
groups begin to decompose from this temperature .

Keywords Fluorinated hybrid material TEOS Hydrophobicity





