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Co-solvents induced sol — gel-derived SiO,/polyacrylate composite films

LUO Chunhui, QU Jinging®, CHEN Huangin
(School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract:  SiO, /polyacrylate composite emulsions (Si/PAE) were prepared by polyacrylate emulsions (PAE)
mixing with alkaline silica sol modified by a saline coupling agent and a co-solvent. The effects of kinds and amounts
of co-solvents on the sol - gel reaction and the properties of composite films were investigated. The results indicate
that isopropanol is the best co- solvent and the optimal dosage is 10 wt% of the silica sol. The nano - granularity
analysis and TEM photos show that co-solvents can make the silica particles distribute more evenly in the composite
emulsions and reduce the average diameters of the Si/PAE. The FT-IR spectra and AFM pictures indicate that co-
solvents could induce the occurrence of sol — gel reaction of silica sol to form Si- based polymers on the surface of
films during the film formation. Si/PAE films display excellent properties besides high gloss and compact. TGA
curves indicate that the Si/PAE films exhibit higher thermal stability than PAE.
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Table 1 Effects of co-solvent categories on the properties of Si/PAE and films

Co-solvents Wa/% Wx/% a/% Hardness Gloss(60°)/%  Size/nm Stability/h
No co-solvents 32.8 14.1 soluble 0.43 76 155 stable
Ethanol 17.4 9.0 82.2 0.79 89 125 <24
Isopropanol 11.2 5.8 89. 2 0. 86 95 109 >168
Isobutanol 12.3 6.1 88. 3 0. 85 97 116 >168
DPM 15.7 7.5 81.4 0.75 82 146 <24
DPnB 14.5 6.9 85.3 0. 80 84 160 <24
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Fig. 1 Effect of co-solvents on the sol — gel reaction of the silica sol
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(a) Si/PAE without co-solvent

(b) Si/PAE with co-solvent
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Fig. 2 TEM images of Si/PAE with and without co-solvent
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Fig.4 FTIR spectra of p-PAE and Si/PAE composite films

Y 2500 37. 3 nm. AL T A& B R PAE ¥R
JERY 139. 8 nm. T H ¥k 2 3R G A R R KA
sol — gel B ™ W RE R A1 . BEA K& SIO, BUkL
MHERIRIR IR . B AFM 8] 3E— 45 15 B Bl i 79) 2K
(o ek 8 B e A 1 KA 4 SR S R, BV sol - gel K

54250
50000
40000
30000
20000
10000 |
0

(=) (=3 (=3 (=3 (=3 o O

(=) (=) o o S N

(=3 (=3 (=] (=] [=2e\l

(=) (=) (=} (=} S <

— ol o < wv

(

23825

20000 4
15000 1
10000 1

5000

5000
10000
15000
20000
23825

FER)Z R W E B BREREGY, EREeEM
fiif Ak 27 A 5 M g
2.4 TGA &#f

I3 % Si/PAE 5 PAE MR 2. 1554
PERGREE R 25C . XTI N 50%0) T 7 K. ##%
H S 30 5 00 7 2k X U 2 R AT IR A BT, 45 A N
Bl 6RT 7R o 1816 T - Bl 700 905 foff v B~ 1 Ak s 1)
RNIR TG % )2 (SI/PAE) 1, SiO, 5 3] %% g 2
] PR A 5 i 1 27. 0 %0 5 AH X 4l 5 P I R 1R 0 )2
(p-PAE), SI/PAE IR Z B EERE . HIRZEMN
M E AR 5. 000 0F, Si/PAE ZLIK il £ 1 1% )= 2R
Bk 325 C, Tl p- PAE Wy 289°C 5 550 CHY,
PAE 1 Si/PAE i )2 (9 45 HL Y K 4y 58 4 B .
PR R VS 700 9 R E 3 G sol — gel il 4 1) Si/PAE
W2 A A AR e
2.5 ZEMEE

TEER AT GRE N 25C, X E K
50%0), 43l % p-PAE Ml Si/PAE (iR )2 T4 7

a) Coat structures of Si/PAE without co-solvents

(b) Coat structures of Si/PAE with co-solvents

B 5 BRI Si/PAE ¥R 2S5 95 m

Fig. 5 Effect of co-solvent on the coat structures of Si/PAE
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Fig. 6 TGA curves of p-PAE and Si/PAE films
[1] Ling Y Y., Wen B L. Environmental responses of
# 2 p-PAE 5 Si/PAE & HRELL nanostructured polyaniline films based on polystyrene-
Table 2 Property comparisons between polyaniline core- shell particles [J]. Materials Chemistry and
p-PAE and Si/PAE films Physics, 2009, 115(1): 28-32.
[2] Schneider M, Graillat C, Guyot A, McKenna T F. High solid
Ttems p-PAE Si/PAE content emulsion Il ; Preparation of seed latexes [J]. Journal
Appearance Bluish Bluish of Applied Polymer Science, 2002, 84(10);: 1897-914.
S/ - Lo (31 B4 T, PRRCEK. 5500 40 0 5k 56 93
BB [T A TR 224k BRI, 2004, 32(8);
Wa/% 32.8 11.2 _
54-57.
Wx/ % 14.1 5.8 Qu Jinging, Li Peiyan, Chen Huangin. Co- polymerization of
We/% Soluble 38.7 methyl methacrylate and aqueous polyurethane [J]. Journal of
South China University of Technology, 2004, 32(8): 54-57.
Wv/% Soluble 13.4
[4] Hirose M, Kadowaki F, Zhou ] H. The structure and
a/ % 0.0 89.2 properties of core - shell type acrylic - polyurethane composite
Hardness 0.43 0. 86 aqueous emulsions [J]. Progress in Organnic Coatings, 1997,
Gloss(607) /% 67 95 §1(3)+ 151-169.
[5] Neslihan A, Bunyamin K A, Tuncer E, et al. A method for
Stability OK OK . .
polymethymetacrylate coating via self - curable unsaturated
Surface drying time/h 1 0.5 polyester primer on metal and glass surfaces [J]. Progress in
Solid content/ % 45 ~40 Organnic Coatings, 2007, 60(6): 69-74.
[6] LaiJZ, Ling HJ, Chen G N, et al. Polymer composites from
Inorganic materials content 0 27.0
self- emulsified PU anionomer and water - reducible acrylate
Solvent content/ % <5 <5

Ka» ML BAMIRZ LG TERE. 2Rk 2
JIr 7R

FeBH 2 Bl A 8L . MRS TF p-PAE, JCHLAEH
I PR 1) 2R TN A R i R 3 FLIR SI/PAE IRZ Y
M Jpra A s PR RE A R LTI AR R 4 00
PRI . ZLIRCER M TR 38 45 el i sl
T R TCHLR R B AR RAS tL AT 2 B AT
B O R RS

copolymer via a postcuring reaction [ J]. Journal of Applied
Polymer Science, 2003, 90(4): 3578-3587.

[7] Coogan A G. Post-crosslinking of waterborne urethanes [J].
Progress in Organnic Coatings, 1997, 32(1/4): 51-63.

(8] W, 385 M, XV4E, JAHFE. CBCMRERNMRES

it e TR W S WG S ML LB [T, L AR, 1997, 14(2):
78-80.
Tang Liming, Guo Wei, Liu Deshan, Zhou Qixiang.
Crosslinking mechanism between acetoacetylated polyacrylate
and vinyl-ended polyurethane [J]. Applied Chemistry, 1997,
14(2) . 78-80.



ARG S B0 KRR B AL SIO: /RN IR RR IR 42 453 9k )2

¢ 35 o

9]

(10]

[11]

[12]

[13]

Nicola K, Derek R I, Joesph L K.

crosslinking reaction and its influence on the film formation of

The diacetone acrylamide
an acrylic latex [J]. Journal of Coatings Technology and
Research, 2008, 5(3): 285-297.

SEEE, BRI, BR LD, 0T 9Kk SIO /R E A
BHE AR BIAR ] 26 MOLERE [T]. EA& MR, 2008, 25(4):
24-28.

Mo Zunli, Zhao Zhongli, Chen Hong,

Heterogeneous preparation and properties of nano SiO;/

Niu  Guiping.

cellulose composites [ J]. Acta Materiae Compositae Sinica,
2008, 25(4) . 24-28.

BRI, XIPH:, THRIME. RO NER/ I AR AR/ SiO, 2210 41 A
ril & Bbkde (11, ZAMRIR, 2006, 23(3): 71-76.

He Lihua,
properties of polycaprolactone/epoxy/silica dioxide hybrids
[J]. Acta Materiae Compositae Sinica, 2006, 23(3); 71-76.
Ma J Z, Hu J, Zhang Z J. Polyacrylate/silica nanocomposite

Liu Pinggui, Ding Heyan. Preparation and

materials prepared by sol-gel process [J]. European Polymer
Journal, 2007, 43(7): 4169-4177.
Chattopadhyay D K, Autumn D, Zakula D C.

inorganic composite coatings prepared from glycidyl carbamate

Organic -

resin, 3-aminopropyl trimethoxy silane and

tetraethoxyorthosilicate [J]. Progress in Organnic Coatings,

[14]

[16]

(171

(18]

2009, 64(1). 128-137.

Toshiyuki T, Mitsuru W. Acrylic polymer/silica composites
prepared by emulsifier - free emulsion polymerization and the
sol-gel process [J]. Journal of Polymer Science, 2006, 44
273-280.

Yasuharu N. Development of novel aqueous coatings which
meet the requirements of ecology - conscious society: novel
crosslinking system based on the carbonyl- hydrazide reaction
and its applications [ J]. Progress in Organic Coatings, 2004,
51. 280-299.

Lai]J] Z, Ling H J, Chen G N, et al. New self - curable,
isophorone
L1l
Journal of Applied Polymer Science. 2004, 94(2) . 845-859.

aqueous-based polyurethane system by an

diisocyanate/uretedione aziridinyl derivative process

Zou H, Wu S S, Shen J. Polymer/silica nanocomposites:

preparation, characterization, properties, and applications

[J]. Chemical Reviews, 2008, 108(9): 3893-3957.
Chien HY, Feng J L, Yun P L, et al. Composites of colloidal
silica and waterborne polyurethane [J]. Journal of Colloid and

Interface Science, 2006, 302(6) . 123—-132.



