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Sol gel synthesis of TEOS-SiOZ-PDMS hydrophobic film for ceramic coating
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Abstract

Sol gel synthesis for ceramic hydrophobic coating was studied. Tetraethyl orthosilicate (TEOS) and Poly-
dimethylsiloxane, (PDMS) were used to form the hydrophobic gel. Silica nano-particles, 12 and 20 nm, at 0.5, 5.0,
or 10 wt.% and heat treatment at temperature 300 or 400°C were varied in the synthesis of the hydrophobic and
transparent films. The contact angle was used to measure the hydrophobic property and the transmittance was used
to measure the transparent property of the films. The study showed that the coating could have the contact angle
of 139° and transmittance of 73%. When the ceramic glaze was coated by the gel, water droplets on the surface
were in spherical shape and flow away quickly. The effects of abrasion on the contact angle of the film coated on

the smooth surface of ceramic glazes or on the uneven one were showing different results.
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1. unUI (Introduction)
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2. 2819748 (Experimental)
2.1 IngAY
ffmqﬁuﬁlﬂumawmmiﬁuﬁ TEOS (Tetraethylorthosilicate, 98%, Acros Organics) nsalalasaagsn (Hydro-
chloric acid, 37%, Cario erba) 1an11aa (Absolute Alcohol, 99.8%) PDMS (Poly-dimethysiloxane, d=0.965, Acros
Organics) 8@ lAw (Acetone, 99.8%, Cario erba) lalalnsiauaanaged (Isopropyl alcohol, 99.7%, Cario erba) FanN
mmmﬂgmﬂmiu (Aerosil®200, Primary particle size 12nm kaz Aerosil®90, Primary particle size 20nm, Silica De-
gussa) War@anTazag fluorropolymer ﬁmuﬁ‘ﬂ\mmﬂ
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n3u lelalnsianaanagad a9 40 Nu LL@:%mmmmmémmm‘iu‘imﬂ%mmmmeﬂ?mmﬁ'ﬁwum HANTINTUAE
isaasanslaiaiiung 30 wit shlunduluadiowdn 6 dalue nanenflu modified gel uaAAsLLLNIZAnAlAs
FneiAa spin coating (spin coater, Laurell Technologies corporation) ﬁm’mﬁ") 1500 $8U/417 1T1nan 10 3117 way
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2.3 NSYARBILAENISNARDL
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3. NALALIATD (Results and Discussion)
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Table 1 Effect of experimental parameters as silica amount, silica particle size, and heat treatment temperature on contact angle and

transmittance of the films.

Variable parameters
Contact angle Transmittance
Sample Silica amount Heat treatment | Silica particle size ) (%)
0
(Wt%) temperature (°C) (nm)
1 0.5 300 12 106 87.5
2 5 300 12 110 85.5
3 10 300 12 125 69
4 0.5 400 12 1M1 83
5 5 400 12 120 80
6 10 400 12 139 73
7 0.5 300 20 107 89
8 5 300 20 111.5 82
9 10 300 20 130 62
10 0.5 400 20 113 87.5
1" 5 400 20 123.5 75.5
12 10 400 20 147.5 68
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Figure 1 Graph showed effect of heat treatment temperature and silica particle size on the contact angle of TEOS—SiOZ—PDMS films.
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Figure 2 Graph showed effect of heat treatment temperature and silica particle size on the transmittance of TEOS—SiOQ—PDMS films.
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(A) (B)

Figure 3 Picture showed water droplet on the film coated on ceramic glazes.
(A) LiO,-MgO-Al O -SiO -TiO_ system
(B) NaOQ—CaO—l\/IgO—Alzoa—SiOQ—ZrO2 system

mwmgmmmﬁgﬁﬁaLmﬁfaﬂm:uu LiO,-MgO-Al. O, -0 -TiO, uaz NaO -CaO-MgO-Al O -SiO -ZrO 311 4.99
waz 0.36 lulasiums sl TaseasaqanIARaARa LA wAA U RN ANH N Aa9qaNIsABLAN ATAULLLEDS
nALARAs 3UT 4 nudadeluszuu LiO,-MgO-Al O -Si0 -TiO_ Hr@nuaziinnuagszannndadeylussu Nao -
CaO-MgO-Al O -Si0 -ZrO_ yudniaredinfeuiiinfewafeuRafieilduaeeszuy Lo -MgO-Al O -SiO -TiO,_ &
60° uAZ124 72111 NaO,-Ca0-MgO-Al,0,-Si0,-Zr0, fpn18° mm@mmmqmumumzm'awmmmm@mM@umﬂm
194 TEOS-SIO_-PDMS Uay ﬂuorropolymer i HindeunpdeLimdniinssinmais uanasagLlit 5 wudn nsdingia
m@mmmimuummmmmmmmm uazdnunizIasiarenieLmnfiniluasenslaeuulaspnsgududads

3908 Tneirdeuiinazasziadauiiofion TEOS-SIO -PDMS uat fluorropolymer Heéa Hnnaitlasuulasyudadanas
PN

N39RAanaslusTAULAENTYW ARANNANBNELN 125°-130° WaD 72-76° 1aInN139A dauAaaLN R0 FeUNd AR LRGN
TEOS-SIO -PDMS Henyududanouuazndsinganinsaetnaniaaauniafag fluoropolymer Wi AaHANGENSWN 142°

a

= Ay A = o o o o A = o o = a =
\WAD 101° LATANENSUN 102° Wide 83° MAIN131A AINATAL WeaFeumauiuyNduiaresndoumsinneundey
Hofinelan wudndsniadandeuiasdnfiindsuiiofasian 2000 seudipsiantimyndndangandnmnynsiaetng

o

Iﬂi\i’&%"]x‘l‘ﬂ@ﬂ’]ﬂ‘ll’ﬂ\ﬂﬁmﬁ@ﬂﬂ’;ﬁ‘ﬂ\i@@%ﬁﬂﬁaLﬁﬂﬁlﬁ"ﬂul,l,‘i_l‘]_l’&'@\‘mf)"lﬂﬂ\‘iiﬂﬁ 6 wan lia TEOS- Si0, -PDMS AANLY

a
= o

Lﬂ@ﬂ'l.liui‘“’ll'].l NaO -CaO- MgO -Al O SIO ZrO VIQJF’WQWN?JTH?"’MW LANUUININNGN fluorropolymer Adu 1 19inas
n19d/m 2000 78U NLH@W@QJWHQQ\‘I@IH‘WNQN’]HWJ’]

Bulletin of Applied Sciences
Vol.1No.1January -June 2012

55‘



(A) (B)

Figure 4 SEM images of the ceramic glaze surfaces.
(A) LiOZ—MgO—AIZOS—SiOZ—TiO2 system
(B) NaOZ-CaO-MgO-AIZOS-SiOz-ZrO2 system
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Figure 5 Graph showed contact angles of TEOS-SiOZ-PDMS and fluorropolymer films before and after abrasion tests.
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Figure 6 SEM images of the fracture surface and top views of the films coated on the NaOZ-CaO-MgO-AIZOB-SiOZ-
ZrO2 glaze before and after abrasion tests.
(A) Fluorropolymer film before abrasion test
(B) Fluorropolymer film after abrasion test
(C) TEOS-SiOZ-PDMS film before abrasion test
(D) TEOS-SiOZ-PDMS film after abrasion test
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4. @91 (Conclusion)

n339ensdaAszilaalas TEOS-SiO -PDMS FewnReufingadin nudaansadupsMdunuiandeuendn
Toel TEOS-SIO -PDMS #ldEaNa1A 12 wiluiuns fulannidaeimintenas 10 uazguuninisay 400°C TESNT
flaanTR e Windida 139° wazenadestiaasuadienas 73 Wil flewdeunufiandenmanfinin ity
dudadiFngandn 100° uazilarhunnsing yududadianasusitieses lursiufiganiuedenminileieuiafag
AN wazA R LaNTNAa TinaINIdn Yududaneaudadiag

5. ﬁﬁlan‘iﬁ‘uﬂizmﬂ(AcknowIedgement)
muﬁsuﬂﬁi“unuaﬁummwﬂim\‘imaﬁmmﬁﬂ%ﬂ%quﬁmmm@mil@mwﬂu‘i@ﬁ nesnaangnAaniuazmatulag

1090LANLTENEINAGAAMNTTN s in ﬁ’ﬂiél,m"}Zﬁﬂﬁ‘u‘ﬁ”’ﬂﬂﬁ?’m%‘/‘]_lﬂ’ﬁ%m@’ﬂ\‘i 13t 3 18N Uszmalny |1

ﬁ@iémefzﬁmﬁLﬂﬁa?ﬁu%unﬁwm@m ANINEWN e NnnInenaeNiag 1'71'1/1mmummm@mmmﬁyuaﬁm uaTNIN

eAEnFLEINIg Anudedad 59851 imeasy SEM Audidiaagnyfiiuuiio inaaay XRF

6. LAN®19819249 (References)

[1] Minglin Ma and Randal M. Hill, Superhydrophobic surfaces, Current Opinion in Colloid and Interface Science,
11 (2006) 193-202.

[2] Ashley Jones and Norman Lamb, Zhang, 2004. Hydrophobic Material. U.S. patent 6,743,467 B1. Jun 1.

[3] LindaY.L.Wu, G.H. Tan, X. T. Zeng, T. H. Li, Z. Chen, 2006. Synthesis and Characterization of Transparent
Hydrophobic Sol-Gel Hard Coatings. J. Sol-Gel Sci. Technol. 38, 85-89.

[4] Linda Y.L. Wu, A.M. Soutar, X.T. Zeng, 2005. Increasing hydrophobic of sol-gel coating by chemical and
morphological modifications. Surface&Coating Technoloby 198.420-424

[5] Linda Y.L. Wu, G.H. Tan, M. Qian and T. H. Li, Formation of transparent hydrophobic sol-gel hard coating.
SIM Tech technical report, vol.6, No.2, Jul-Sep, (2005) 1-4.

[6] T. Prertkaew, L. Punsukumtana, and S. Srilomsuk, Thin Film Society and Harbin Institute of Technolgy. Pro-
cessing parameters on properties of TEOS-SiO2-PDMS film. The 5th International conference on technological
advances of thin films & surface coatings (ThinFilms2010) and The First International conference on advanced
polymer and polymer composites (COMP02010). 2010. July; 11-14; CHINA: Harbin, 2010.

[7] Shuxue Zhou, Limin Wu, Jian Sun, Weidian Shen, The change of the properties of acrylic-based polyurethane
via addition of nano-silica, Progress in Organic Coatings 45 (2002) 33-42.

[8] Liang Jin-sheng, Meng Jun-ping, Liang Guang-chuan, Wang Li-juan, Zhang Jin, Li Ji-juan, Effect of surface
free energy of ceramic glaze on oil droplet shape and its behavior in water. Trans. Nonferrous Met. Soc.

China. 16, (2006), s538-s541.

15AITHANIYITING NTHINENAIRAS LT V
Ui 1 a1iudi 1 ang1An - Agurzu 2555158



