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FE: DFILAERRTE (MMA), THEERTES (BA). NIRTR (AA) MBAKHI% T RINEIES (PA) FLIK,
BHS0K Tio, M HURIR A #1417 PA-T ZUIR, SRTBEIRTELL PA-T ZLBN RN (PC ) MM TR etk

#1457 —F 5 PA-4K TiO/PC (PA-T/PC) WifFi, J£F FTIR. SEM. Rif2iiliE . TGA M T hnm Lo Bk ss
¥, ZETYK TiO, &8 (L) PA H/Kk MMA | BA., AA BYEFE IEME, TR %4509 PA-T FLi . PA-T/PC
HIRRTEREROE IR . 25, 4K TiO, fr&t 0.10%H9 PA-T FLW (PA-Too) “FHKAE 93.9 nm, Z4EIRECH
0.073, Fhﬁﬁ%u%m PA-T 1o/PC HEREEE RO F 8, HERE K TiO, BURL W L34 5) 5 PA-T,,o/PC AREFT
R B etERe (B3 89.5% ), WITR/MRIEE N 389.6 °C, WHHEAMMHEIE 471.2 °C, JK¥Efiif 22.3°;

PA-T.10/PC E@%%EEEJE( 2H ) fer, FEEER AL (0.02 ) 5]y, B3R (174.84% ) WG T PC AR (124.00% ),

W PA-T1o/PC & 0.10% MK TiO, B LIEBEA SR, &5 T 526 iR 2= mihd 5 Fimt BEPERR ;
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Prepar ation and properties of polyacrylate-nano TiO,/polycar bonate film

YANG Xubing', ZHANG J in?, LIU Wei', QIN Ziyu"", LIU Zhongxin',
JI Xiangyang®', WANG Dun', YIN Xueqlong

(1. Hainan Provincial Fine Chemical Engineering Research Center, Hainan University, Haikou 570228, Hainan,
China; 2. Hainan Huasheng New Material Technology Co., Ltd., Dongfang 572600, Hainan, China )

Abstract: Polyacrylate (PA) emulsion, prepared using methyl methacrylate (MMA), butyl acrylate (BA)
and acrylic acid (AA) as monomers, mixed with nano TiO, dispersion to obtain PA-T emulsions. A series of
PA-nano TiO,/PC (PA-T/PC) films were then synthesized from surface modification of polycarbonate (PC)
film with PA-T emulsion by spin coating method. The effects of nano TiO, content (based on the total mass
of PA monomers MMA, BA and AA, the same below) on the properties of PA-T emulsions and PA-T/PC
films were analyzed via FTIR, SEM, particle size measurement, TGA and artificial accelerated ultraviolet
aging experiment. The results showed that PA-T emulsion (PA-T, o) with 0.10% TiO, content displayed an
average particle size of 93.9 nm, with a polydispersion coefficient of 0.073. The dispersion of nano-TiO,
particles on PA-T(,0/PC film surface was relatively uniform, and the surface of the film was smooth.
PA-Ty1o/PC film maintained excellent high light transmittance (89.5%), with an initial decomposition
temperature of 389.6 °C, peak decomposition temperature of 471.2 °C, and water contact angle of 22.3°.
PA-Ty10/PC film showed the highest surface hardness (2H), the lowest friction coefficient (0.02), and its
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elongation at break (174.84%) was significantly higher than that of PC film (124.00%), indicating that
0.10% nano-TiO, content in PA-T,;o/PC was sufficient in forming an effective protection, and improving

the surface hardness and wear resistance of film. In the artifical accelerated ultraviolet aging experiment,

the molecular chain of PA-T;o/PC did not break significantly in the first 48 h, and the aging degree was not
obvious. At 120 h, the yellow index of PA-T,,¢/PC film increased to 2.1, and PA-T,,¢/PC film showed

stronger anti-yellowing ability than PC film.

Key words: polycarbonate films; nano-TiO,; polyacrylate; high transparency; UV resistance; abrasion

resistance; functional materials
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1.2 FHik
1.2.1 PA 3Lz # &

¥ 40.00 g 277K .0.72 ¢ SDS.0.36 g OP-10,
20.00 g (0.20 mol ) MMA ., 30.00 g (0.23 mol ) BA
12.00 g (0.03 mol) AA A% 250 mL KR,
FIR TR WIL, &M K 0.30 g KPS
WEARAE 15 mL BBk R85 | &7 KPS, % H o

¥ 15.00 g 2B F7K . 0.48 g SDS.0.24 g OP-10,
0.25 g NaHCO; fif FE¥ 2] FHIE = 80 °C, TR FhFHL
JBEs SRIG, AR 9 R KPS W Ty 1/3 AT
WY 13 A ZIF TR, e 1 h,
WIMTE G AE 80 °CFHFLE/ N 1 h, PR 4% i T
FLIA KPS A0 i 20 F 2L, % mes e 2 h,
SRIGAE 80 °C FHRLEIL I 2 h, VLSRG, KdH
Z R FLIRRE ST 300 BRI 0E, DLEBR ALK
B A AR v R R L ek 3R 43 T A A BRI 25 SR
Yy, e AR e T 2L P R ) FL IR M RN S S
P50 . Kl i R AR BN M LR R Ehea e,
NH;H,0 J#35 HFLI pH & 8~9, 1554 E 1Y PA F,
o
1.2.2  PA-#hk TiO, 5Lik 89 4 &

BEAK TiO, M AR TIMAE] 2 mL i 800 1%H9
PVP /KW, HidEs5), WA 1 h 5 FRE
3h, MEISSEIGAK TiO, 480K, 9K Tio,
AR PVP 54952k Tio, gl 1: 0.1, H94
K TiO, M Ei 5 Eik PA FLIRIR S IR A),
#1358 PA-YIK TiO, B 57, 128 PA-T L.
Hirb, PA-T ZLBH 45K TiO, & it (L) PA FLWKBAA
MMA. BA. AA Jigit) 439084 0.05%. 0.10%.,
0.20% . 0.30%71 0.50%, 4 PA-T FLI /- 0lic h
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1.2.3  PA-%1 % TiO,/PC £ 4% B 64 h) &

PAE S i 7 20 £ PA-40K TiO,/PC & A MR

4 PA-T ZLiGE 11 15 205 BEHLLL 1000 r/min B 5%
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JE B PC SR, Ak TR, EN7 PA-
YK TiO,/PC & A AR ( fiiFR PA-T/PC #fE, NIH) ),
T+ A T S MR RN 6 um,
PA-Toos. PA-To 19« PA-Tg0 Al PA-To 30 HELR il #511
PA-T/PC #4350 M PA-Tos/PC. PA-Tg1o/PC.
PA-T2/PC 1 PA-T(3/PC. T PA-Tys0 tH BLHH i
HETIE, 90K Tio, FIR™H, Wik, JTikHl&RE
B
1.3 AIjniEZEsdE Lo

¥ PA-T/PC JEAT PC AR [R] Akl A 55 A0 i
ZALRI AT, MR GB/T 14522—2008 J7iE 47 A
T BT, PN EIMT kK 280~315 nm,

ST IR 40 W, ST K 1220 mm, EHNERE
50 °C, JrWI7E%ALmtE] 12, 24, 48, 120 h 75 & HL
AR
1.4 RIEFZESHERENK
1.4.1 PA 5L A= PA-T SLik # R AE

FTIR 3. >R KBr JEH %0, FF KBr A
RN PA FLW, 7E 25 °C. IEEGE R 4000~
500 cm ' R 32 1K

AR AT I A SOk BE AT 3G 5E PA-T
FLUEH PA FLUE AT PR FORLAR 23 AT o
1.4.2 PC # 4= PA-T/PC ¥ it 6 K AE BOPE AR ] 4%,

SEM i3zt : M%< PA-T/PC MM 3 TR 55 S 40 K
TiO, HUki 7 P g 2 U 0 o FIRT 52 40 -] -3 41
B SEEEEHI E PA-T/PC WEFN PC Wi AE AT I,
Jt (400~800 nm ) X3k #9751 EE A (200~
400 nm ) XL . TGA M. AXKA (i
# 50 mL/min), #RERNEE~750 °C, FHEER
10 °C /min ., # F o't 2% 32 fih #f / 5% 11 5k 7 4300 3K
PA-T/PC BT PC #1514 7K 42 fiok A o 3 3k Y 28 Al
Pt PA-T/PC JEH PC WA R RS S, 2047
750 g, ATHEEER A 0.5~1.0 mm/s, i AN S 2E 0
Mk 2 8 PA-T/PC AT PC o JI5E A4 i 5 JBE
BRH, #4710 N, FTIR M. MR Z1kwi e
PA-T/PC [ HI PC AR A fL2~ S 1281k, 25 °C,
WBEEHE 4000~500 cm', 32 Yk, S HEALEE
il 7 B I AL iE T AT /S PA-T/PC A
PC WP SEES, HrH %4 10 mm/min, 38
AR ZALTT S PA-T/PC W PC I 1) 2%
EFeE (YD),

2 HR5WHE

2.1 PA ZLi&#1 PA-T ILiRMIRTESD T
Kl 1k PA LAY FTIR %A,

3443.06
2958.76

3500 2800 2100 1400 700
PFE/em™!

Kl 1 PA FLIAY FTIR 35141
Fig. 1 FTIR spectrum of PA emulsion
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FEAE W XF % S — CHy Fl— CH, — 19 181 45 9% 3 5
1731.18 cm ™' AbJR AL IRIGEST N, C=0 # A {1 45 I
35 1274.63 1 1133.14 cm ' AL IE VT8 T C=0 #
A e 45 e s 13T T30 S R WA I8 B A A I G XS )
TR s, 2 BH T il & PA FLW

& 2 A PA-T ZLIR RLAR oAl 42 .

[ — PA-Tous
20 — PATey
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15l — PATie

0 200 400 _ 600 800 1000
BifR/mm
Bl 2 PA-T ZLIEARLAR 4347 HH 28

Fig. 2 Particle size distribution curves of PA-T emulsions

ME 2 ATLLEH, PA-Toos. PA-To10. PA-To20
H1 PA-To 30 O FEIRIAR 5350 93.2. 93.9. 208.2 Al
209.6 nm, ZrHE%C (PDI) 435120 0.053, 0.073 .
0.191 F1 0.201, BEEAK TiO, FHEAIHM, PA-T
FLBCE AR AR BN, PDI WL Bk, &R
WA AR T e 2238 2 i, Mgk Tio, & &
>0.10%HF, KPR AR S L, B AR
EVESREAL. Wik, APIE PA-T FL 4K Tio,
FEH AL, TiO, S <0.10%.
2.2 PA-T/PC HER RIS
2.2.1 SEM 4 #7

3 A PA-T/PC i1 SEM [ .

a_PA-T()_05/PC; b_PA-T()_m/PC; C_PA-To_zo/PC; d_PA-To.g()/PC
&3 PA-T/PC #il£[¥% SEM [
Fig. 3 SEM images of PA-T/PC films
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PA-Tg 30/PC HHIZHK TiO, Fior RF A7 B3 n o [R] B
PA-T.0s/PC. PA-Ty.1o/PC Fll PA-Ty,0/PC & & Wi
T2 K UK 23 5 LA 34 50, TR SR TR A R T P 3
([ 3a~c), Hrr, PA-Tyos/PC Hl PA-T, o/PC H i
LA AT, T PA-To30/PC H 4K Bok: B 2. 43
MAY) (Bl 3d). XATHEREFA, 99K TiO, & hil
D1 R SN B TR YA R A E R (Y B
Wy kA RRIP BRI PA-Tos P&
A ARIE R ST B R B kL, A T FLI RS e 1
MITTREGK TiO, FEE A AR R 21 . A
K 3 b il LIWEES], PA-T/PC WA FE7E/NFLEL 40
20, AR, K PA-T FLIRAE TS T, 757
TR 75 it B — g B [R) EL e v 2 2L & — e SRR
M ZNFOKZE R B E)ZRER, RIZTECST
PR, JEEKZER B S C R EN R ER
FrE SR, T A LB AR S
222 REFMEEST
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Fig. 4 Visible light transmittance (a) and UV absorbance
(b) of PA-T/PC and PC films
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[ B 1 R 2y 90% (18] 4a), PEIHZNK TiO, ik
PEJG PA-T/PC WA RELRRE PC RS & i G RE )
e, HH, PA-T,1o/PC PiFF 1 U051 B e Ak
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PA-T/PC WA 44 (200~400 nm ) SgIX I H
WM, WG RTF PC R, PA-To05/PC.
PA-Tg14/PC Fl PA-T,0/PC i I ELAG 405 AW B
REMS Ul . BRI AN, [FRAE PC TR AY 22 4h
Lam it A, Wb R R 2R A T o R A o ) B R
R, M/ A f 3600 7= A, SR A T BE W 24 3
fili () PC AR AR (5 5 L)
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K5 PA-T/PC i, PC MY K
Fig. 5 Photos of PC and PA-T/PC films
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( El 5a ). PA-T/PC AN R R B | i 12
( F 5b~e ), XJEH A, PA FLIEA R4 A0 B
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JNRGT RGN W RE AR R R R 2 B B TE
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Fig. 6 TGA (a) and DTG (b) curves of PC and PA-T/PC
film samples

# 1 PA-T/PC T . PC W49 4 A1 AE 43 i 1R

Table 1 Initial and peak decomposition temperatures of
PA-T/PC and pc films
FE WG o3 i il 2 /°C WA 5 il BE /°C
PC i 406.6 497.7
PA-Tgs/PC 386.6 475.8
PA-Ty1¢/PC 389.6 471.2
PA-T,0/PC 387.0 470.8
PA-T;30/PC 382.9 469.2

MIE 6 FIZE 1 AT LA H, PC MBI IR 4 iR

K 406.6 °C, i 4 B PA-T/PC 15 B0 15 40 ot Yk g
- F 382.9~389.6 °CZ i), WG T PC AR AYHI 1h
A FRIR R AR, PA-T/PC T8 JI5E (14 068 (R 43 it 1 8
(469.2~475.8 °C ) /T PC 8 514 06 {1 20 it JL

(497.7 °C ). XEH K, PC WIMHEMEM T PA 254

U BFRL, 4 PA BCMEJR B9 PA-T/PC IS #EE 2
PR TR AHERES S, o oot 2 i 22
R PA, 4k TiO, SEEUN, BFLL 4 #f PA-T/PC
IR PR A AR b . AR PA-T/PC 4R
RoE A B R R, (B A G o R (3829~
389.6 °C ) i T PC MBAYAHFE A IR (130~
145 °C )7, JEEALE PC WS & A5 M1AE 2 /i, PA-T/PC
WA S, Hrp, PA-T,,/PC BRI UG53
JEE FINEEAEL 53 e Ui BE 43391 oA 389.6 i1 471.2 °C o AR HE 3L
BRISTHRIE , — M FEL 1 7= ity B4 0L FH AR At A7 PR IR 8 s
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224 FHAKESH
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Fig. 7 Water contact angle of PC and PA-T/PC films
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Fig. 8 Pencil hardness scratches on PC and PA-T/PC films
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