% 6 (= A = S 4 No. 6
2014 4E 6 A ACTA POLYMERICA SINICA Jun., 2014

RiEfk/ NAREELEFERENFEERIE

BEE B R WXL RHEAT

(WL B TR SRR AT TR PO i U S S BORBHE W E LR E bl 310018)

B OE TEBUBK R BRI OB O A TiO, FETETT , BEAT S £ M S -5 5 A Tl Y DA A S R B i A
R SUE/Ti0, E AW, S TiO, 5L ARSI N v i 73 B B 5 Bk U bt R B UL . @ 20 Ah o A L
WL AL A S 6 158 A0 -7 LS5 i I, o R A S e A 2L AR S IR A A A B TR 2 R G i Rl 2
MERE HEAT AL A A3 HT. R BLIFURLEE I A0 97 6 A0 B Si0, Y MR AR A B 45 i B 09 3 B e M X B A IR
BB AR BE . 25 K AR B PR THO, R AU AR Hh B e A i — 20 9 R AR P 3R 3K 7 [ T A4 SRR A 485 4 4 T) I
B A ) J1 27 Sase P RE . IR -BE I i A ] B v I UL 2 I 5% B A T 20 R B BR B A HLEE AT A L R
— JE ) 0 P RV 0 A LR AT AT T Bk 9 Je L T 7 A ML A i A R e 4 ot 8 v ik B 300 ks 1 IR XY 2
SJRE B LIRIB A G T (AR B AT A 5 S A 1 A P R RN SR A1 R /T L O o R e L T A B A IR
R A R i A M 1 (R B LA R A e Al e e

REEIR RabSbr, BRI, A, kS

BLER ALY K TiO, To# T Fa e Pk | 58 Ah
BRIV AT O o 3 P G OB fRBE LR 1
R G 300 266 B R OB DL T T 97 20 R kL SR
Aot i S A58 AT T AR X G A R E Y 4
SR A TE I AT AR Y R AR R
Ok B2 5T R T, BLEKAY TiO, St Ak BT 7= A
() v BE 1 PR 25 EL A AR 9 Y 0 3 1 (- OOH 1K £k
fE>431 kJ-mol ™", -OH 4402.7 kJ-mol ~'"*") ,
XFAFLLC — C i (HAEBE N 346 kJ-mol ')
THER 0 T ARG IR 2 A D XA
AR LB T BLEK AL TiO, 4 AL S fAk
14 107 .

Bk A ke DL Si—O #E (B R ik 460 kJ -
mol ~'*) g g 4, 0F B A F1 i R B R B
HETRE Ty DRI R R Ak AR A A LA, 1R 2
B BLEKAY TiO, IR Z ST i — 4> 8 2k i )5 1]
i hn, T gt Ak DLk SR A S
a5 P25 A Tio, AR E A, HlAE T —FP
BA B &K IEE N B IE Rk # Le/Tio, 99K &
AU AR T S S R R R kS P25 A

Ti0, LR A 135 T —Fh B A B HLAR 58 B A
it A VE B 13 O A I AL A B 5T T R 1
Ti0, 764 FH 22 1 B0 © 7™ o P 5, DR 70 AR o 7 A
Tk 0 A 0 R A3 T T X S 8K 4 B T
AR TR T4y S L R A
LBk IR T8 R A e oA T A S e Ve - e R I
181 Al 3o 2 4 A T 4L/ B A A AL A ), S B
T TN AL BB S8 5 A (HIL IR & T Ar
1k v e TR L TG S R 5 4 o T T T EG O 4k
158 51 5 i Big 1R 2%

AT JLAE AT BF 52 2 W AE 4 36 9 115 6L 4 £k 37 52
T A - I 1 T o K A e TR 43 e 1) B K
AT LA A B AR AT il Liu
21O S N IR S Ao R R R S T BA
SR T (1 Bk T I Qi AU Ao B R VA - I
3 T P43 T B0 T AR 7 4k b B Bk 7
BRI I 2. A A SRR AL AR R
3 3 SR ALK TR TR I K % SR, A i T LA
A3 T8 G 3% 8 R 7 9 B0k R TR R U I I
R AR TR R LA ER R AL L 78 70 C 3R
5T I 1 Ve - e 7 R4S TR S Bk

# 2013-10-23 Wicfig ,2014-01-09 55 ; 161 5 1 SR BL 2 B G (F 425 51273182) | [{ 52 9 2 A= BT 1Mk U 4531 Ja) (T H 5 201310338021)

FUHTL IR R4 521 A4 LR .
s 1l K & A , E-mail : dongmingqi@ zstu. edu. cn
doi:10.3724/8P. J. 1105. 2014. 13366

794



6 3]

o B A TR S e/ RV IR A A 52 5 TR A ] 5 RAE

795

TR o5 B PR T UKL

PR R B ARGE B2 — B 3, AR SOFF B3R A
BIPK T BRIA I T 5 R A e M AR EL &,
LA SO0 o A M UL A7 A i £ 0 22k e i A 5
ek T 0 i I B N, S R A R AR K e Uk A
SEARSZHR 45 K 2R i 4 e I v Y 3 20 R E 23 B, A
T A5 21— Fb B A 98 58 40 B i R4 WM R — 2
I35 5 ) R Ak A e/ Ti0, B AR, A Z IR A
A IR A A S5 P B B BIF 7 A 45

1 LIEER4Y

L3R

o, - O HE IR TP Bk e (viPDMS, M
~ 22300, ZJ&H P& 0.242% ), IR B R A
HUEE AR B 7 5 3 B AL &6k e (PMHS, M
~2500, SEAHE 1.547% ), |1 &4k 54 bR A
A 5 /N R O Ak AU e (D), T M R A L T
A A BRZS 7 5 Karstedt f# 463 ( Bright 5000) ™, %
YIvs iy F Fle BB AT BR 2 | 5 49K Si0,, 47 4 2 fig

1.1

\..”
O/Sl\
\S./ S'/ +I I
a Si 1 +=]Si—o}si—=
7\ /
O\ A/O N | b |
N
viPDMS
No.”
_Si_
\S/io O\g'\/ ¥ M
n Py - T —?1—0+S|1—Ot181—
/51\ H
D, PMHS

1.3 RESK/TO, ESERNH &

PEFEIRASTT MUK ™ 55 IS B i £ M Bk
T EURET BRI S (BOBMA TiO, ) AR SR 7] Si0, N
B ARV 55 B 2R b TR A ¥ 50 J5 T N Karstedt
AL, 51 & viPDMS H1 PMHS 1 J5 47 ik 000 i
FONA RN JIE WAy iy SN L e RS
() 2 2 IR NE B 2E AT T 0 [ Ak R B, 2 ) 2
RS 2 300 pm.

b #fE fic 77 : viPDMS-60 FI PMHS-90 JEE /R [t
20: 1, b5 ) Si0, F fE Ay fE B BT i A 10%
TiO, Fa R EETM R & 1Y 5. 0% , Karstedt f# 1k 7
FH B R Rk T A BT 0. 00115% . SCH BR AT 4
BB Z A0, 2 DL b R 21y B A5 kg S o
1.4 FR{E

S BE 5 % A 35 L (GPC, Waters 23 H]
Waters1515 ) ) &5t Jir FH i 78 99 20 & 20 A, 96 ot 74

LT A5 BR 2 &5 P25 BUA R TiO, (47 2% ki 42 25
nm) , PR FEA T BRI R, eI A
(LABKER T 1R A mr 9k 4, Z B R A i, 76 70 °C 3
BT 3 I 9 M - M R AR 5 A TR Ok
J& L ORI AR T ¥ k4R ol 15,4
nm) ; A W BRER TG K B BR 4, Y51 oM 43 T 4
1.2 mZGEERNSSEHNT &
3t £ 0 B Ak viPDMS B8 & & fE v PMHS
H—m Ry s D, IRAE AR A R E
TE 300 Pl B ¥4 5 e 1 [ I B R, DY B R
(R OB S ot f 1 2. 0% ) AR, 76 N,
ST T 47 CHHER I 4 h. [N 45 o5 H e K
T R 0 v R0 25 b DR 2R AR 25 BR P AR o T
Yy, PR A 8 A5 B R A BHS () 3 £ M S RE
(H4hmA D, 1 viPDMS (4 BE/R H oA as T, F= 84
18k viPDMS-a) Fl & ZREVH (A D, Fl PMHS
IRECR ne VBB k510 8 PMHS-n) | FL R0 3o F2
Sy s nE = (1) AR (2) Bs .

H,S0,

! !
T —1Sofsi—= o
c=4a+b
viPDMS-a
H,S0, . | |
BT Oﬁ?'—ot?‘ )
H
PMHS-#
kg IO S

SR JFH 2 DA 412 12 0 A O o) 8 g e I 0 B
A LU T A R BT A 2 e R 1 S v D R
AL It I BL I ) R R R T T B T R

AR A R T E
AR A B+ &

K A% 1 3 9% 9 3% A ( Fi -+ BRUKER /3 ]
FTNMR Digital %) il 5 75 S0k i P ik S0 % 1 op &
TEE

SR JHBE U4 S S -1 L o A e 4T A 0 RO
X (ATR-FTIR, 3£ [ # H / &) Nicolet 5700 ) X} 3~
it i i B L ) R ik S A AT 4 TR AT

K S B 1 ¥ 45 (FE-SEM, 1 [ Zeiss 2%
F) Ultra 55 7)) W52 5 45 B 9 22 TR 5L

Sy P25 B TIO, M AR R e 4 B E

BERR = x 100%




796 [ S S 14 2014 4
AR, IF 2 RS A A SO/ U 4 B R B L Elmer 23 #] Lambda 900 £ ) 2 &2 45 B 1) 25 &1~ 7]
(T W Z AR A AR A A JY92-11 5Y) 1y DLW e, O AR 5 25 8L Bl 5 A 2k 1k e A 1
5 7 4 I Ak Ak B P 5E S 98 KOG R EE X (DLS, AATCC 183-2004 57 52 4 IE ) 52 S LR Bl 3 &8 %
H 7% HORIBA /&) LB-550 ) Fil {8 K 18 56 ki i (UPF fH).
{X ( DLS, % [E| Malvern 4\ &) Mastersizer 2000 %) s
W H R AR R TiO, B 28 WAL AR /N B H o A 2 HRSWE
WL VR R SR E TR A& I E S 2.1 FESINEL R B H & BREER
R %) Ak A TE A L R F O S FBL B2 (TEM, H AR JEOL TEREM BN ELBLITE A N IER D Si—
SN HE] R JSM-1230EX T20 #9) W 8% 42 4 B6 A A v H | Iy £ 0 B 4k 0 53 9 i & & A — > AT R
A SR A R URE Y 73 HICIR 25 E’JZA‘X%%““ TE Karstedt i b 70 (9 fi L /E T,
it GB/T528-1998 #r if , 75 HL ¥ J7 fig A4 L ik A R o 5 AL T 24 A i S P R T T T 7
e HL (L [E Instron Corporation 2345 1) i iX &2 Eﬂ%%ﬁ%%%ﬂﬁl’\]*@%iﬁixﬂﬁm*@,E}iﬂjfﬁ
£ WG PP RE A7 A 100 mm - min wm(3) Pros.
KA/ 0] UL 4y 66 E 1 (UV/Vis, Perkin
| E
/+S' Oi?'x?,_
0
m=+:Sf—ot%i—=++%f—omii—ot%i— e

viPDMS-a PMHS-n

SCHG R e B, RS T A R Wy A Tk e
5T 73 5 R B AT R X DDA K.
B T A5 B AR 23 U A Il B TN AR B
V) Ao 7 5 G RS, S Bt 2 AR R 2 O A Bl
AT AR BRI UKL 4 B 7 Az, EL ™ W R
RETR 2.

| | Si—
/\—PSi—o]LSi /]
| a )
i)

c
—Si—

PR D, 43 S bk 2 o) Ak s o AT
HEAL B A5 B ELAT T A T o 1 S £ Sk R T AN
oA RE . FE AR MERC O BR A K R B AR I
53 ) FH T B S o BB 11 ) 4, & A B 1) B R it
T B N S0 R . TR A i 0 o R 0
AP ARPERE N 1 R,

Table 1 Effects of the molecular weight of viPDMS and PMHS on the gel fraction and the tensile properties of polysiloxane films

Vinyl-terminated silicone oil

hydrogen silicone oil

vi content of H content of Breaking Breaking
Gel fraction
viPDMS (% ) Si-H in PMHS strength elongation
Name M, x10* Name M, x107* (%)
(calculated (% ) (measured (MPa) (%)
from M) by NMR)
viPDMS 2.23 0.242 86.4 1.25 267
viPDMS-60 3.64 0.148 PMHS-90 2 68 0.095 78.2 1.30 367
viPDMS-120 5.49 0.098 79.3 1.28 331
viPDMS-180 6.96 0.078 68.9 1.08 321
PMHS 0.25 1.547 94.1 0.54 86
viPDMS-60 3 64 0.148 PMHS-60 1.85 0.155 84.4 1.69 293
PMHS-90 2.68 0.095 78.2 1.30 367
PMHS-120 3.51 0.082 52.8 1.29 305
N 1 AT UL BT 0 2R ik AR e S LA B Y W%, U B B SR T R i £ 0 S R T ) B B R
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Fig. 1 ATR-FTIR spectra of PMHS-90, viPDMS-60 and their

polysiloxane
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Fig. 2 Dispersion of TiO, particles on the surface of polysiloxane/TiO, composite films (FE-SEM images) : (a,b) P25 type TiO,, (c,d)

titan sol (7 ppus 60 Mpans oo =20: 1, TiO, content: 5.0% , SiO, content: 0% )

a 451.6 nm n P25 type TiO, in H,O

b P25 type TiO, in toluene
2|c¢ 53.8 nm Titanium sol in H,0
=
2

d N 4 nm Titanium sol in toluene

10° 10' 10 10° 10*

Particles size (nm)

Fig. 3 Particles size distribution of P25 type TiO, particles

and titanium sol particles dispersed in toluene or water
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Fig. 4 Dispersion of TiO, particles in the inner of polysiloxane/TiO, composite films ( Section-TEM): (a,b) P25 type TiO,, (c,d)

titanium sol (1 ppyseo® Ppwnsoo =207 1, TiO, content: 5.0% , SiO, content: 0% )
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Fig. 5 The tensile curves of polysiloxane/TiO, composite
films with different TiO, contents (n,ppws.co* Ppmus-00 =

20:1, SiO, content: 10.0% )
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Fig. 6  The tensile curves of polysiloxane/titanium sol
composite films with different titanium sol contents

(nyippms 60° Mpuns .90 =201 1, SiO, content: 10.0% )
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Fig. 7 UV-Visible light permeability of polysiloxane/TiO,

composite films (7 ;ppusg0 © Ppvns.oo = 20: 1, SiO, content:

10.0% )
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Preparation and Characterization of Polysiloxane/Titanium

Sol Photocatalytic Composite Films

Yu-jie Gao, Jun Cao, Xing-cong Shen, Dong-ming Qi”
( Engineering Research Center of Eco-Dyeing and Finishing of Textiles of Ministry of Education ,
Key Laboratory of Advanced Textile Materials and Manufacturing Technology of Ministry of Education ,
Zhejiang Sci-Tech University , Hangzhou 310018 )

Abstract A series of polysiloxane/TiO, composite films was prepared through in-situ hydrosilylation reaction
of vinyl-terminated silicone oil and hydrogen silicone oil in the presence of anatase titanium sol particles or P25
type TiO, powder particles,in order to achieve a homogeneous dispersion of TiO, particles in the cross-linked
substrate films. The chemical composition, cross-linking structure , morphology , tensile and optical properties of
the composite films were characterized by attenuated total reflection Flourier transformed infrared spectroscopy ,
field emission scanning electron microscopy, transmission electron microscopy, tensile tests, and UV/Vis
spectroscopy. The stability of reaction system and the tensile property of the composite films were improved
because of the chain extension of silicone oil and the reinforcement of SiO,. Hydrophilic TiO, powder particles
were easy to form macro-aggregates during the process of film formation. The agglomeration of TiO, powder
particles had negative influence on the mechanical and optical properties of the composite films. The surface of
titanium sol particles prepared via a sol-gel process displayed lipophilicity as a result of the remaining of
organic groups. The lipophilic surface of titanium sol particles improved the compatibility between titanium sol
particles and polysiloxane. Titanium sol particles with a lipophilic surface could be uniformly dispersed in
toluene and composite films without agglomeration. The resultant polysiloxane/titanium sol composite films
showed good tensile properties,strong UV shielding and high transparency.

Keywords Polysiloxane, Titanium sol, Composite film, Hydrosilylation reaction
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