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Study on the Ultraviolet Aging Behavior of PLA/TiO, Composites
LI Zhengqiu, CAO Zhiwen, RAN Longchang, WU Ting, ZHAO Tianbao, CHEN Baoshu

(School of Material Science and Engineering of Xihua University , Chengdu 610039 China )

Abstract: To study poly (lactic acid) (PLA) /rutile type titanium dioxide ( PLA/R-TiO,) composite anti ultra-

violet aging behavior,and reveal the R-TiO, scattering the anti-aging mechanism of ultraviolet light,PLA/ R-TiO, com-

posites

(XRD

were prepared by melt blending method. By means of differential scanning calorimetry (DSC) ,X-ray diffraction

) ,total reflection infrared spectroscopy ( ATR-FTIR) ,mechanical properties test and scanning electron microsco-

py (SEM) ,the changes of structure and properties of PLA irradiated by ultraviolet light and the role of R-TiO, in impro-

ving the ultraviolet resistance of PLA were studied. The changes of surface functional groups of PLA were tested to clari-

fy the

changes of structure and properties of PLA. The anti-aging mechanism of R - titanium dioxide scattering ultravio-

let light was revealed. Introduction of R-TiO, could promote PLA crystallization from 12. 11% to 25.91% . With the ex-

tension of aging time, the tensile strength of PLA has fallen by 94.5% ,and the color difference value increased to 4. 13.

As result, the surface structures appeared cracks and holes phenomenon. With the R-TiO, dosage increased, compared

with PLA  the decrease trend of tensile strength after ultraviolet aging became significantly slower,and the color differ-
ence value decreased. When the R-TiO, added to 3wt% ,the UV stability of PLA could be effectively improved.
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Boo WA TAE R 3 an &/ 2 fr o 46 K ROAF,
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200 °C, FFEE % K 10 °C/min; 7£ 200 °C %5 &
5 min 7 B #4075 R B 20 °C, R AR R
10 °C/min, FLL 10 °C/min B9 FHEE T3] 200 C
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X AT A (XRD, PR T A 2
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2.3 XRD 4#f

PLA MR ELS i S AN R o] LAAE B oo’ B A
v 4 PR o TR S E L IR 11 A AR
Kl 5 %4k PLA/R-TiO, & #1FHY XRD &, 3=
TR RHGE | 55 00 8 43 O B W HL 58 BE AN v, R W
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afi PLA (1 PMRRIEATT S04 16. 37°F1 29. 3° 43 ) % 1y
(010)/(203) F1(216) fa} 1A, F I A M AIH) PLA 1Y
o fho BB YK TIO, f AR I, 3 BARAE I I
PLESB KA, 2 58 & 19. 55°F1 33.08°,
LA TiO, (M A 15 PLA (A% RO/, il if B
JCHES ARG R AT 7. [RlAs, PLA &5 & e 1 BUA BT
Yok 55 , R-TiO, f AT St 04 3 2 A5 T 38600, A%t B0 1)
Fr s , Fe WA A7 7E PLA (R-TiO, W 4143 76 & X TG iR
a2 B, T2 A5 Bl 2

“HHHOo



55530 FIERKSE : PLA/R-TI0, ZEAFEHNEIER AT A 59
#1 20221 d PLA/R-TIO, &5 FHEER — U R I ERES KL
Aging time/days Sample T/C ’ 1./C ’ T.JC Tonset/°C AH,/(Jg) AHJ(Jlg) X%
i 2
PLA 60.8 153.5 103.1 92.2 23.36 11.96 12.17
PLA/1%Ti0, 59.8 152.8 100.4 89.3 18.93 5.67 14.15
0 PLA/2%Ti0, 60.8 153.1 103.9 94.0 21.35 14.21 7.26
PLA/3%Ti0, 63.4 153.5 — — 24.28 0 2591
PLA/4%Ti0, 62.1 152.5 110.6 95.3 18.05 13.11 5.27
PLA 62.7 153.4 98.9 87.63 25.98 10.12 16.93
PLA/1%Ti0, 61.3 1522 — — 29.47 — 31.45
2 PLA/2%Ti0, 58.7 152.3 102.8 91.1 28.18 24.75 3.66
PLA/3%Ti0, 56.2 147.3 152.1 112.2 103.6 27.23 23.02 4.49
PLA/4%Ti0, 61.2 151.1 115.2 103.1 30.58 28.60 2.11
PLA 57.9 145.4 111.9 102.7 31.63 21.24 11.09
PLA/1%Ti0, 59.4 149.2 155.3 110.9 103.4 14.73 13.74 1.06
21 PLA/2%Ti0, 58.2 149.3 155.3 107.2 100.5 19.33 17.14 2.34
PLA/3%Ti0, 57.9 150.4 154.8 111.0 102.8 18.71 16.39 2.48
PLA/4%Ti0, 59.8 149.7 110.8 101.5 13.21 10.61 2.77
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M
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M
(216) (101)

@211)
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PLA/1%Ti0O,

Intensity

PLA/2%Ti0,

(140/200)
216

(010/203)  (216) PLA/4%Ti0,

100
20/(°)
&5

RE WS RO R RIS a5 1) — A%
ZH0, BT RO AR /NI R AR 43 5, i X
SRR AT S 0 Ak, PR T AR 9 4 FE A L Y Scherrer
A )RR R

Ly 2[% (3)
e Ly 3 E T bk Fh I BB RT3 0 O Bragg
TS A1 5B AT R~ R SEE 5 A S A X R )
WK (0.154 nm) ;& & Scherrer FEAR A T, 38 & BUE
£=0.89,

K ] Jade5. O X5 £ 77 5 43 Bt B 1 X — 4
WAXD 75 th 4 #4740 2R, T 45 3] PLA 145 5 B2
WO RTS8 45 R L3R 2, BE R-TiO, Fil & 3
T, PLA Y o S Y SRBL RS WD 4R 1Y 1. 56 nm S5F
R 1.29 nm PRI =5 2. 69 nm, o di 19 diRr ROST H
IR 14. 4 nm S5 R FEF] 5. 13 nm {745 F] 9. 39

Intensity

260/(°)

REFINEACH) PLA/R-TIO, A BRI X GRS K

nm, 5 54 B2 TR 46 9 2. 26% Joh R 1. 47% 57t
%) 8.33% . [ UL R-TiO, MIMIAE T PLA (1 o &5
Al o BT o SRS BRI I o S o b RIS
A, AT R-TiO, 78 5 5 A0 B A AL, R L 4G

LIS N
K2 RBEIEII PLA/RTIO, 5 A Bk XRD 25
Sample Grair: size of Grain size of Gra'in size of Crystallinity/
o'/nm o/nm TiO,/nm %

PLA 1.56 14.4 2.26
PLA/1% R-TiO, 1.67 7.64 138.22 1.47
PLA/2% R-TiO, 1.29 5.13 37.41 2.48
PLA/3% R-TiO, 1.32 8.23 31.62 8.33
PLA/4% R-TiO,  2.69 9.39 28.57 4.05

K6 sl 1 d iy PLA/TIO, SRR
XRD [&, ] WLEG# AL (] 48 Jin, PLA A TiO,
XL PR AT S U 5 RE A D S8 004 94 5 B S AT )
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T PLA RFAE R YA 088 A7 8 A5 2 A Ik 47 18] /1 #91 JE f
Bl TiO, (1 PR3, 4% 45 ik 1 i e s £% 178

(110/200)
(216)
(110/200) PLA
. (216) ]
£ h10203 PLA/19%Ti0,
153
E (216) (101) (211) PLA/2%Ti0,
(010/203)
(216) (101) (211) PLA/39%Ti0,
(010/203)
(216) (101) (211) PLA/4%Ti0,
T T - T v =
20 40 60 80 100
20/(°)

6

H1¢ 3 Al SO AL T d 5, PLA B o S A0 A
KRS HT 156 nm FREZ0.91 nm, o @1 SRR S
Hi 14.4 nm TREZE 12.3 nm, 45 5 BB 2 BT %

LTS
*3 A1 d B PLA/R-TIO, A FPEL XRD 248
Sample Grair[l size of Grain size of Créin size of Crystallinity/
o'/nm o/nm TiO,/nm %

PLA 0.91 12.3 — 4.08
PLA/1% R-TiO, 1.02 9.29 24.8 1.06
PLA/2% R-TiO, 0.83 6.61 13.13 3.92
PLA/3% R-TiO, 1.31 4.25 58.40 7.55
PLA/4% R-TiO, 2.83 3.23 39.77 4.21

2.4 gk

Ve 1 452 em ™' AbHI B C—H BYARXTFR A 45
PR I Ay b UG, DRAr FL5 B — 30, % i A i &1
AT ARAE IR, 53 B 135 P v 2% U 1) 5 J32 728 1 7 g
PR e, B 7 ATLLA Y, PLA/R-TiO, 5 PLA
FRTE KB I] , 1 748 em ™' Kb BB IR I O PLA o
—C =0 ¥R Yk, 1 180 em " F1 1 080
em AR IS5 Sl C—O—C SR A AR SR 1 45 % 2
TR R A 48 % 3l A9 R AE W 0, 2 991 em ™' (1 452
em ™' |1 382 em ' AR R - CHy o C—H B
R s, 1 043 em ™' 867 em ™' b AY4FAE I UK
5 PLA (S BIA 56, #E3 669 em™'Abky - O -H H
F 5 179 il 45 i 2 W i, SR 51 A R-TiO, AT {2 i
-0 -HH W3 g R-TiO, &8 m, 4078
1 748 em ™' AbEY - C = O SR AE IR Wit i 2 4 W i
055, It L AR EOT M W%, el T - 0 -H A
M= EEm T -C =0 RahGEM A&, H1F
1180 em ™' #11 080 em ™' AL fy C—O—C HAHZEHE D)

#4824k 1 d PLA/R-TiO

/I, TR INE PLA 45 iy g [ AR T 5 , TiO, PR AT S 0
S LA BTN

220
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o

20 40
26/(°)

L ELAARRHG X ST

W i W b A7 B S URE 5, [A] IR 1 402 em ™' 01 250
em ' Ab - CH, H C—H FRAE W i 1) 35 P 50U 7% , 6
B A PRMA b PLA 43 THEB i 3h 2 3] T IR
], T B B 2 1) P A LA S e 1G5

0.4f
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K7 PLA il PLA/R-TiO, &G MR 4 SR 205G
(400 ~4000 cm™")

WKl 8 Frn, 52 PLA/R-TIO, LA, %
162 d IR RE3 669 em ™ AR - O - H H 3L
WSO B 55 , BB A IS TR S, W S e 5 B 5 00 4
IEAH 22 A Ko W IRZS 1) PLA/TIO, & & M RHE
1 749 em ™4k — C = O XUEFFAE W i, Z AL )5 7Y
FRAEAR G B3 I, OF H R AE T 40, fEgfb)s
1402 cm 'f1 1 251 em ~'Abf - CH, H iy C—H 4§
AEM e i AR T I R %, & T - O -H A
L AE AT T TS .

2.5 BEESW

E19(a) .(b)F(c) sl ARt 2 d &
21 d XFEAPLE . B 10(a)  (b) 1 (e) 4351
PLA/R-TiO, &M AE (L™ F1 b " {HFE AL ]
Ak, AE HBOR , 2R B0 22 S ok, Ak R i
MO L RUIE R, + Ronfist, — Rl o



%5 0 A IER PLA/R-TI0, 545 BORHI S5 AA T Iy 61
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