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Fabrication of Hollow TiO, Spheres and Their Effect on
Thermal Insulation Property of Polyacrylate Film

BAO Yan, KANG Qiao-Ling

(College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science and Technology, Xi’an 710021, China)

Abstract: Hollow TiO, microspheres were fabricated with PS as template, tetrabutyl titanate as titanium resource and
ammonium as catalyst. Then, hollow TiO, microspheres were introduced into polyacrylate emulsion by physical
blending method. The effect of hollow size and dosage of hollow TiO, microspheres on light reflection, thermal con-
ductivity and mechanical property of composite film were investigated. The results show that hollow TiO, micro-
spheres can significantly improve the properties of polyacrylate film. The hollow size and dosage of hollow TiO, mi-
crospheres have different degree influence on properties of composite film. The properties of composite film firstly in-
crease and then decrease with increasing of hollow size and dosage of hollow TiO, microspheres. When the hollow
diameter and the dosage of hollow TiO, microspheres is 300 nm and 1%, respectively, the thermal insulation properties
and mechanical properties of the composite membrane are optimal.
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Fig. 1 SEM and TEM images of hollow TiO, spheres
(a, b) SEM images; (¢, d) TEM images
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Fig. 2 XRD pattern of hollow TiO, spheres
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Fig. 3 Effect of hollow cavity of hollow TiO, spheres on
thermal conductivity of polyacrylate film

(a) Pure polyacrylate film; (b-f) Composite films containing hollow
TiO, spheres with hollow diameter of 150, 200, 300, 400, and 500 nm,
respectively

B 2 TIO, MERIRLARIE N, FHGREEIN
IS, s TIO, BRSOk 150 nm I,
G I AR B AR, R R RE R S, X2
2R TIO, TR 55 SR PR IR TN R) 7 A2 1) S T LB A
7 TiO, TER I FLAFSLER R SRS F 5 ) . Kl 4
RN IR IR/ 2 TiO, 56 W AR TH 1Y) SEM JE F ]
A1, A TiO, SRR R VA M IR R v 6 v og A7 A
(FikF87R) 0 BT AR A R 2 LRAR I 45 TiO,
TUEREE, FTRFH IOAEAR PS FER 1K = FEKJE TBT
(SR ) o SRR T AR ], /s AR 1) A AR A
AHTRL, AR T HORAR RN AR, 5 OB R 4 H AN
[ . TBT J5t & AH [7) ) A ¥ TiO, ST AH R, i T 5
SR B ER 22, NIk TBT (R E e & 4
TiO, Bk ) Bt o T 5 G rh s I it v 2% Tio,
TUER AR R, PR A R 2 ok AR 1 H 25 THO, fkEk
| N30 20 TR 445 T2 T e JBE e 1 e 1 28 s AR AR [, {HL
JE O RARELN, A TiO, TR A H B 2,
PAR TR FER LIRS 2 o 59— 71, P28 TiO, fEk
(") BET f BIH RAEL R B/ R(ILEE 1), M= Tio,
TER ) 2 Lok 42 /NI (BA 150 nm S ARER), bk
AR FLER AR AR, B p LB 2 5 7L
MO R AT, JLALBUR K.

VTio2
/ﬁ\ i P}uﬁ}; - VTio2 + VE-.%L?A}

B 5 kv 2s TiO, TR 25 0o 428 X6F 58 TR 94 T i
R S S R s, fHEE S AT R0AS [R) A ok A (1 o
2 TiO, FRERNT 2 TR I8 82 T v JSE 1) e R S %6 1)
FARTE, o HAE T WOGIX (400~800 nm), O K4

Bl 4 (a)2l2R IR IR IR () S AT AR IR PTG/ 4 THO, TR AL
F R R SEM R

Fig. 4 SEM images of (a) polyacrylate thin films and (b)
composite thin films
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Tablel Specific surface area, pore volume, average pore
size of hollow TiO, spheres samples

: Pore volume / Pore size /
Sample Sper/(m*g™) (em* g am
150 nm 58.2790 0.005458 33.2
500 nm 50.9239 0.002651 14.5
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Fig. 5 Effect of hollow cavity of hollow TiO, spheres on light

reflectivity of polyacrylate film

(a) Pure polyacrylate film; (b-f) Composite films containing hollow

TiO, spheres with hollow diameter of 150, 200, 300, 400, and 500 nm,
respectively
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Fig. 6 Effect of hollow cavity of hollow TiO, spheres on ten-
sile strength and elongation at break of polyacrylate film

(a) Pure polyacrylate film; (b-f) Composite films containing hollow
TiO, spheres with hollow diameter of 150, 200, 300, 400, and 500 nm,
respectively
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Fig. 7 Effect of hollow TiO, spheres content on thermal con-
ductivity of polyacrylate film

(a) Pure polyacrylate film; (b-e) Composite films containing hollow
TiO, spheres of 1%, 2%, 3% and 4%, respectively
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(a) Pure polyacrylate film; (b-¢) Composite films containing hollow
TiO, spheres of 1%, 2%, 3% and 4%, respectively
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Fig. 9 Effect of hollow TiO, spheres content on tensile
strength and elongation at break of polyacrylate film

(a) Pure polyacrylate film; (b-¢) Composite films containing hollow
TiO, spheres of 1%, 2%, 3% and 4%, respectively
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