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INEEZL X PLA/TiO, E 5B BEES N

RitE,WmbA, B E, RSk, F
(PER T bR R 15 TR, it & RIS AR R 794 TREEH WPtk 723000)

FEE . R A SIRATH B HUE AR 2R 4] &R R 24 5k — AL 4k (nano-TiO,) 42 % PLA /nano-TiO, & 4-##, 5F &
Anik B R A XA AT H KIS, 3 E AT B 09 TS M AT RAR AT A T R T A X B ERATHAL, £ T
3T A AR B T AR IS A BT R BRI N X, SREAN, B AL ST d B
o9 2k PLA #9157 & B I 289 K BLe, ok fn 2308 K F 6954, PLA /nano-TiO, S &-##t£ L AT & o9 b @ 4 . &
WE BT d B A M AT 2R BEIRR Y TR E T d 5 a4 PLA #3049 3% 5 e 25 b 5 5]
REBT 3.34% F= 6.4%, Wi E AP Kk R 5 s o KR EH A T HET 11.25% = 37.69% ; F R & 94 1% 49 nano-TiO,
B, AAME AT dERHEMREREDESANIED T 5.17% 4= 17.89%, Wi Kk F ko KR FH A FTHT
34.96% F= 14.95%.

KGRI RSLER; 2R —RALAK; Amik B REAL; S bAR; P HERR; Bt

FESZES: TQ332  XEFRIZA: A 3XE4S: 1001-3539(2020)09-0103-07

Effects of Accelerated Aging on Properties of PLA / TiO, Composites
Jia Shikui, Zhang Xiangyang, Zhao Zhongguo, Chen Ligui, Fu Lei
(School of Materials Science and Engineering, National & Local Joint Engineering Laboratory for Slag Comprehensive Utilization and
Environmental Technology,, Shaanxi University of Technology, Hanzhong 723000, China)

Abstract : Poly(lactic-acid) (PLA)/ nano-titanium dioxide (nano-TiO,) composites with different content of nano-TiO, were
prepared by melt-blending in twin-screw extruder, and their aging behaviors of pure PLA and its composites were performed via an
accelerated nature environment aging tester. Scanning electron microscope, wide-angle X-ray diffractometer, differential scanning
calorimeter, polarizing microscope, ‘universal testing machine and cantilever impact testing machine were used to execute morphol-
ogy, crystallization and mechanical properties of the composites before and after aging. The results show that, compared with the
material without aging, the fracture surface of pure PLA after continual aging 7 d shows a small quantity of large cracks, while its
surface gives a mass of microcracks, and the fracture surfaces of PLA /nano-TiO, composites before and after aging have only slight
change, while their surfaces after continual aging 7 d show gelatinous morphology or a small quantity of large cracks. The tensile
strength and crystallinity of pure PLA after continual aging 7 d increase by 3.34% and 6.4%, and its elongation at break and notched
impact strength decrease by 11.25% and 37.69%, respectively. The tensile strength and crystallinity PLA /nano-TiO, composite with
mass fraction of 1% nano-TiO, after aging 7 h improve 5.17% and 17.89%, and its elongation at break and notched impact strength
decrease by 34.96% and 14.95%, respectively.

Keywords : poly (lactic-acid) ; nano-titanium dioxide ; accelerated nature aging ; crystallization property ; mechanical prop-
erty ; morphology
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(PBS) &5, EATMITF & 5 F R KPR L& f% T A
A A SR Bl b T R TS O, OF HAE & T
FNIRBE A5 1 U5 B 3 1skas W T R
AR, PLA HFHE A BRI T 40
“APERE I R AR A W nT B AR O AR B
7 B R RN 4 T B SR, A AR PLA
R N AR TR RA 0, H TP e 254 T
FPLA BN T 3 FR gk s SRR, B il A
it iR 22 , HAFAEE 22 A Il i O RE) 32 1
FTFATGR A H . AN, B imEE s F AR,
PLA il s 78 A4z = Al P R v, R0 e e TR A 5
BYUIFIE RRAEAE R R 45 5 Wt i 2 A= I A R 22 156
DO LR SO R RE & A 2R, BT LABIFSE PLA 7
U NS RN UL S = a0 L S S
44K — 4 AkEK (nano-TiO,) 7E A Yk vE )7 i
R FHR 143 th o, HOG ROk, Wi T 5 HeY)
JRANGs B RO - HAT R AT b4 v Re Ol SR K v
AR T, R, B 2 KA A A1 Bt
B 73 8 45 U8 TiO, VR N E] PLA /B U8 1 B8 R
(TPU) HRY S5 L, 565024k 48 h J5/, PLA/
TPU / TiO, &5 M BHI 45 i B2 PR o B2 4l PLA
23 5 42 5 35.1% Fi1 1.6% 5 K. Kamau-Devers 5 &
W PLA / AK B4 A B350 7E K o 3R A v E
FIASTRLR BE T B 2 A D 5 B0 it 2 AL TR B A T
B Z AR R A NG, S R, HAE 25°CF
EAk 40 h 5, 7K R 4 6 o B A AR A
151 50%, I 3% 35 AL AR IR 3 (T ) AN il il 45 e
T W, K. Moraczewski 25 M Fi] FH] K 4R ke 1) 42 B
et PLA JEIFGE Tt fb (AR 45°C, %41
JEAR IR 720 h) J5 B A ARG E AT RE , 25 R AR,
55 2 A 0 M A AR T R I R el
(9 PLA AL, ZALJ5 B9 PLA / RARFEWIR B 24
(g = RS EVA G I RULES Ty N N TTD O RS
JH TiO, Btk PLA &2 &b RE By i i 2 Ak A i 3E
[, BIFSE s Z AL RIS PLA / TiO, &Ry 2
TS B 25 S R AR At Ty 24 Mk R RS i HA B
T, I, W nano-Tio, Aot AL,
SRR — WAL R U A SR A0 25, X
A JA] R nano-TiO, Btk PLA & & AR E T 4 4 MR
HEAE R IR AR s A A B, 58 I [ 4%
ZALXT 4l PLA e AN [R] & fE nano-TiO, 21 PLA
HAMRIIER FEIEZR, 4555 2P RER s,
DLk Bl BT nano-TiO, 2tk PLA & & 44 BHE

LA — ERAAIAEE T BT LI, Ol PLA 7555 Z1
FAF T BTF &5 0 R 50 S 7%
1 KIEksy
1.1 EZRH

PLA :4032D, 344y T4 K 1.5 x 10°, K& 1A
B R N 7.72 g/ (10 min) (190°C,2.16 kg), 2 [
Nature Works 2l 5

441 A1 A nano-TiO, : KN 30 ~ 60 nm, % &
H 4.26 g/ cm® JTALIEB] A YR A R
1.2 THEEAME

SUZAE 35 Hi B : SHI-20B U, 1 5t v JE % 1 i
A RAT]

SLECFEYEAL: MASGO / 260G #Y , 1F K ¥ HLAE ]
AFRAF]

1 o, 7 8 % (SEM) : JISM-6390LV Y, H
A PR 2t

17 fa- X 2R A (WAXD) ¥ : Ultima IV %, H
AR S

i 6 W 1 55 (POM) : Scope A1 AU, 7% [ Carl
Zeiss Iy il

ZenfAH A (DSC) X : TGA /DSC1 #Y, i1
HERES — FER Z A A BRAFL

BRI 30-5.5 B, KENE R

WA AT

TTHEIR I HL: LDS-20KN %, K 25 1 2 g (L £
WA PR

S4h — BRI : ZN-P AY, T3 M A3
Bk g A IR AT

H PR XU TR 48 - WGL—125B !, K e Tl 7% 0
R PR AT,
1.3 XAEH &

4 PLA F1 nano-TiO, it A 60 °C 1) 4k 45 v 5853
T4 6 h, 35 ¥ 15 B PLA 5 nano-TiO, % —
SEHC L (nano-TiO, WS il i 1 43455311 h 1% #i1 3%)
BB RMR A R A WA SUEATBT AL
A Al R, LT R LA B B IR B 170,185,
190,180 °C,M2FT4%454 4y 80 r/min, HFHiRRIE T
60 CHEFH T-45: 8 h, PR T 4 iy Ak (8 A 57 X
SR A il BRI | R B HLAS BHREE 43k 210,
215,205°C , 1 ¥ 25 BL I J1 43 01 24 90%,80%,65%,
AH IV A9 5 B 98 3 B 53901 4 80%, 70%, 60% , Jf-1%
F SRR BCE T 30 CHERT T8 24 h LAWHER I
J1s
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1.4 $5MEREE

R 1 I bR R (5% R SRR A VR R 113
FE) AN — BB AL BEA Tk [ AR
e, 2 AR IR AAF TR — IR, R

GB /T 14522-2008 il ik, Jin# [ 4% & Ak I 45 1 -

500 W $4MIGTR  SGRRIEEE 75°C AR EE 95%, %
HER B 35°C, L HAVREE R 6 h, Wik E 18] 2 h, 1¥
A6 T d JFHURE B 5 A

1.5 A5 A4

SEM 4341 : Xt &AL HT IS 14l PLA AR &
nano-TiO, it PLA & A Ak 11 13 T S 2EA 7
NREE . 2 1T RN T O 2R 2 1 1 e 11 a3
P ke 01 wh o i RE R BT O 10 mm x 10 mm x4 mm
Ptk I8 T i i 4 A 7 30 s,

WAXD 743 #: %F & Ak |if J5 19 26 PLA J — &
51| PLA / nano-TiO, & & # #} i 17 45 & 8 8 41
B, 9 D05 RE B Bl 01 b s ke, RN RE A
10 mmx 10 mm x4 mm Bk, F% H Cu #8 K, 5
2, WK 0.154 nm, HL 3 40 mA, H1LJE 40 KV 4T3
M 5° / min, FERI 5°~ 70°,

DSC 73 #r: XF & 1k i J5 A9 4l PLA K PLA/
nano-TiO, & & 4 kF FUkr 45 45 M e bl , iR
JitE 8 ~20 mg. N T oA B A ARLAE S
RE Y2, >R A — IR Al 2R, a2 10°C /
min, N ZE il ~ 220 °C, Z R, Wi # b 50 mL/
min. ARPE LS A S E RS, e () TS A E
(Xo) :

_ AH,— AH..
X = TAH X Wos @

Kb AH,— &S MBI RS ;
AH ——E AR 45 kS ;
AH—5E 245 RN PLA B mlks , HAE M
936 1/9;
W ,——= AR PLA (5234 ™,
POM 43#r : SEBUCAR AL 7 d S5 AT o
AR T Y R, DI R R 0,01~ 0.1 mm,
PR R BB AR S B R b T IR IS R R R
%) R OF R, FECE T POM T SR I R4
mATES IR
b PEREF B GB /T 1040-2006 it , it 4%
P IR 25°C, B A 10 mm / min, K45 SR
FH 5 A AFER A
Bl 11w i 55 B 4% R GB /T 1843-2008 1l i,

o

WA 2% 78 TR B IR 25 °C, ik AR R ) 64 mm x
10 mm x 4 mm, MR85 R 5 AR E(E .
2 HR5iTR
2.1 ik R LSMATE R

(1) Wi e

4fi PLA } PLA /nano-TiO, & & Mk 31k B Fil
24 7 d JE R E O R B ETE S A SEM R A
mE 1 s, Z40,7 d B4l PLA IRER - Bildr 2
1%, 4%, 7 v 243 %% 1% Tio, i PLA / TiO, & & 44
BHAREEA 0,7 d H3ldn 4k 27, 5%, s i i 405X
3% TiO, 1Y PLA/TiO, &M EHAFZA 0,7 d 43
Hinsh 37,67,

a—1";b—2";¢—3";d—4" ;e—5 ; F—6"

B 1 4l PLA & PLA/nano-TiO, &AM R AL FTE Wik TE S SEM 1 f-

M 1a AT LA, A E AR A4l PLA URE (13K
FE ) 1 s T TP O, 2 IR g e T SR R
fiE B o B4 8 1% A9 nano-Tio, i, R
LA S AR I (2 10RE ) R K 1 1
S, W E 1o fras, 26 B0 — 2 19 B0 W 2L 4
fiE o XA HESE RN nano-TiO, 44 K JWk: (1 i A B A
T PLA @R ARSI GE T s Wb G
nano-TiO, it 7 AU N E 3%, K 2= G bk
(3" BE ) BUWTIE L T A A BT dn
1c 7w, X L & & & 1 nano-Tio, IR T 2 & 41
R EIPE . R 1d fTLUE 240 7 d JaRdak
PLA iBE (47 330 ) Wil i LR A8, X T
4fi PLA 7E 58/ G RN B R 45 DR R S [R5 e T
TR FEEE SR, B K S AT [ £k i
. 4 nano-TiO, T 4383 5 1% il 3% I, &
b7 dJa, EA M RRAEE (5°,6" 30k ) Wit Y SEM
W 5 AH I R & AR AR LE , SES0ER FE T i A8 ik
BN, Kl le~ B 1f iR, X &K —J7 1 nano-
TiO, MIE AT Lh— 2 AR EE L4k PLA &k, 32 oft
I, 5 — T T, FEPGE A S AR R T H ok
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Wit — 5, WD E K FRYHCT PLA
TerE T IX T & A K i, e X B ARG B it ik
RET I 2 SRR T TR AE

(2) FHEIEH

4fi PLA & PLA /nano-TiO, & & M EHRFEZ AL
e, HER ISR ) SEM BEF- & 2 Bz .

%o X100 1o

(A @
a—1";b—2";¢c—3" ;d—4" ;e—5" ; f—6
& 2 4l PLA 2 PLA/nano-TiO, &4 ik RE
LRI R SEM I8

MKl 2a FIE 2b AT F H, K244l PLA FE
(1" i0FE ) RNV N 5 £ 434X 1% nano-TiO, A 1k
PLA/TiO, B & #RHAKE 2 1R ) i 7% a7 i T 4%
e HESINF %L 3% 1) nano-TiO, fi, A&k
(A A RHARE (3 15Uk ) et B0 i SR R o
W 2c Frn, % 30 & & & 1Y nano-TiO, 7£ PLA
IR T R AR . 8 2d T LIE S, 2t
Ak 7 dJE, 4l PLA GRKE (47 BURE ) 260 i B K i
RS, X IR N TE S IR A RIS T, 23
PLA 5{RE 2 1 H 20 B S K A RIS IE . 2S48 i
%0 1% 19 nano-TiO, i, 224k 7 d 5, B-&5H
RHARE (57 5UkE ) B BREERIR , A 2e i .
X IH T nano-Tio, MBT s AMEH , FEI% T PLA 73
TBE A R A AN A TR A E AT B0 T 34 PLA
o7 FHER K, I BERCRIE S . Y nano-TiO,
T O & 3% B, B4R 7 d e, B A MR
BE (6" IRFE ) AR TE B RS, X A RS
T & Y nano-Tio, i BLHE 4 15, i ' % nano-
TiO, MYHR /> P A AN SR AL 55 , AH I AR FE ¥ o &
A", DT H IR S i A B B B
2.2 ik { REAT I AMALE R RS A

ZALTT G 4l PLA J2 PLA /nano-TiO, & & #1 K}
1) WAXD h&anil 3 i o

W PLA BT 5T 06 3 2L 7F 26 O 15.5°,18.6°,
29.4° Jib, A JE T o fiby o . o fm YRR D6
M 3 AT LA Y, AT, 46 PLA (17 308E ) Fdsin

(110) / (200)
(203)

6’*M

fties Sttt

4

K I e o SVUVEVIVVEVEVEVN IS

AT o ppay SN,

1# 0mm00 0O 0ttt

10 20 % 40 5
20/ ()
a—1";b—2";c—3";d—4" ;e—5";+—6"

&3 4l PLA J& PLA/nano-TiO, & A AR AL RIS 1) WAXD ik
J 38 1% nano-TiO, i &2 & 4k (27 il ke ) 1Y
WAXD [t £ K BOMAL, IF7E 20=16.8° [ i 3 1
PRI SR — A2l RS YRR AT S0
FEHH T B 704 1% 19 nano-TiO, LA E] PLA %
A PLA B9, 1124 nano-TiO, 1 i & 2> B
I3 3% i, 2 AR (37 iRAE ) 1Y WAXD 2k i
LT B Ay P-4 AT R0 3 1 B 1R % & 1% nano-TiO,
NN PLA FEIAY A Y 56 38 B2 1 B, AT S
W) 7 B VA AR, SR W v B i 1Y nano-TiO, 1%
AEkAr PLA B (B ERME, SR
PLA L, 5041 — WAL 7 d J, 21 PLA (47 iR )
P 20=16.8° [t T H B0 T BH S A AT S04 , X6 N7 ) THT
4 (110) A1 (200), £ 2 LAFRE W o S AFALE, RAE
MR AREREE T (2l 0 i d R 78 40 485 i ) A AR AR
St , RECLATYI G W 3EsE . [RIET, AT 4L
1% (¥ nano-TiO, i, %4k 7 d J7 , A kAL (57 13tkE )
) WAXD £k 5 %4k 7 d 5 A4l PLA A7, 247
Jil nano-TiO, J&i i 7 Ak 5 3% i, £k 7 dJ5, &
AR RE (67 KR ) 11 WAXD 2k 75 18.6° Fff 3T iy 81
TR AT ST, FL AR TE S (203), ARG AN AR E /Y
o’ fh, XU TE R R & B 1Y nano-TiO, M4k — i
PEMTR,IFES PLA BB T3 AN E 2 1Y A
2.3 ik B REAAT LA SRR Fra

4li PLA J2 PLA /nano-TiO, Z &+ k&1L T G
(55— T DSC & ANl 4 Fros , AH N 1 #A: BE
ZHBN T 1.

MWK 4 FiZk LA LLE th, SR BB A L, &
167 d )5, 46 PLA 5 PLA /nano-TiO, & & #1 &1
R4 S G A , EL¥A 45 f e TR RR sk /)N 5 1
A, 4k 7 d J5, 46 PLA 5 PLA /nano-TiO, & & 44
RHRRUG G G o X gl Rk — 2 R AR A
M, PLA HEL T 883 B LA /D i i 7K o ik
T PLA JCEIE XM = T 43 FHERiz shae 77, I
FEOA G R AR, W, B TAERERT,
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o
S#ﬂ,—/\f\——\/——
?”%4# T~ ~/
1 3# /\\
| N
2# A
T ~/
cc,
l#
Ty Tt VT
60 90 120 150 180
E / C

a—1";b—2";c—3" ;d—4" ;e—5" ; +—6"
<4 4l PLA Jz PLA/nano-TiO, & &R A
S—K T DSC ik
£ 1 #iPLA K PLA/nano-TiO, EA#MEIZLEIE
F—RFHR DSC MMM SE

BT/ To/ Twm/ Tw/  AHg/ AHL/ X/

R «C °C C @-gh) @gH %
¥ 623 1095 1663 1740 2959 3194 251
2" 625 1118 1665 1735 2976 31.86 2.25
3" 617 1123 1666 1737 3060 3215 1.69
4 635 1065 -~ 1703 2301 31.35 891
5" 645 106.1 1722 17.03 3550 20.14
6° 651 1025 - 1709 1711 3384 17.96

VT SR IR , Ty 5 T 43140 10505 15 E 075 S
JEIREE, AH, AREREKGE
PLA AR K 7o /0K R IR St — 255858 el T
A AT AT R T B IR LS ST X
SCHiK [12-13] ST 45 R 5

W LR ALUE 1, R AR 8 PLA 19 T,
62.3C, T, }109.5°C, T, Fl Ty g3 166.3°CHI
174.0°C, i nano-TiO, & &M, Ty, Toq 1 Ty
AEALEL /N T X, B2 nano-Tio, & & Bt 3 1
RIRREAL, X J& T nano-Tio, YN A 155> 1
) M FRURILE B R (IR AN G 25 AR A5 TR, B S
BRI ZE R TR, SRR AL 2 AL)E 4l
PLAM T, FFET 3.0C, T,, FIET 3.7°C, X #ii 0]
ZAL 7 dJE 4l PLA HBLT 385 RS 5 22 6, AT
RS IR R SRR AR, Ak T d e Al
PLA ) X, BARZAET B 5 T 6.4%, 1M U Jin JiT 122 43
B 1% 8% 3% 1) nano-TiO, K& G K #1k 7 d J5
(1) X, AR A 5 1 17.89% il 16.27%, X
5 WAXD - #rai R—3k, RUITE 540 — 1R L[4
FHF PLA JEARAY Ve 45 b WERE AR, b5 2 4 ik, i
AL
2.4 Jmik B KA PLA M40 S AR 508 v

4l PLA & PLA /nano-TiO, & & #kHEART G
(1) POM f& J5 4 &l 5 fs .

M 5a 1] LU %P AR 2R 4l PLA, H />
Bk 58 H R ST R, KR4 AN 58 38 1 i o

a—1";b—2";c—3" ;d—4" ;e—5 ;+—6"

5 4l PLA % PLA/nano-TiO, &4 R LHT IS ) POM [ )5
JR PR PLA A B A A% 7 BAR K fg &L, H PLA
FEIR I Tk 70 1 HE 45 1 2 BOIRE BERAIL, BUE AN fig
PR A% I KK, e 2 /D 1 1 58 X B9 K A A
KE WA TEREBYIE G, A BT & 53 %% 1% 1Y) nano-
TiO, J& , 9K BURIAE D S A WA A5, A% () 45 o 1
%, RIS T B o OR R T AEA PR A 25 ]
A AT R A, R DL OB e iy 4 A B,
Qi b B . Jfihn A BT i 41 %8 3% [ nano-TiO,
Jo A% B TR RE G O, b SN /)N, o6 5 B A
— R, a8l 5 s, Hoapr iR 5 WAXD —
., M 5d~ Kl 5f Al LIEH, 47 d 2ibib s,
Tt 24l PLA 3£ 2 nano-TiO, B i PLA & &4
B, AT A A o e B AR R, AR R RS O X
WITE LA R IR AE T, PLA M SRR
RIFEIIEE S IIER T ST o4 i, A A PERETS B HG 9 L 3X
55 DSC il R —2.

2.5 ik § KRBT AMA S F ARG 0
AJA] nano-TiO, &) PLA / nano-TiO, & &4
BEEALHT G B AR B AN El 6 i o

68 |
66 -
64
62 -
60 |-
58 -
56 ‘ ‘ ‘ %
0.0 1.0 2.0 3.0
Nano-TiO,Jfi /344 / %
K6 AS[F nano-TiO, 1) PLA /nano-TiO,
GAMEEACHT S PR
NP 6 T LA i, 2 Ak, 2 PLA O (38 i
A 62.8 MPa, 478 4348 1% 1) nano-TiO, )i,
PLA /nano-TiO, & & #1 ki fiss i 4 63.8 MPa,
HE— 21400 nano-TiO, B it & 4 504k 2 3% A, &2

FfSRSE / MPa
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G BHG AR 5R T R 5] 56.6 MPa, FBIRE &
[¥) nano-TiO, 7£ PLA J&4k rh 43§y, AL T &
L, B R e B R T A
f) nano-TiO, 7£ PLA J& {4 vt 3 43 A1 3R, 3 5
WL 22 A4 07 7 4 TP s BB, HLZS S AR Y S g
TR, AR R B N, 21k 7 d e, 4
PLA BYHLAH5R BN 64.9 MPa, 5 Kk Z 1L 4l PLA
AT, R RsR B4R T 3.34%. SR04 5
1% 14 nano-TiO, Ji7 , %4k 7 d J5 iy A 4 RHKHr {h
SREE R 67.1 MPa, BER B S T 5.17%. 4k
il nano-TiO, A9 it & 47 %0k 3% B, 4k 7 d J5 1Y
A MR RAHER B R 60.8 MPa, % & % AL HE i
T 7.42%, FHTEEIMSERANE GRS W 2] 210
ZAFF WS nano-TiO, A E T #E m 25 5 B 404k i
PSPUERINEA IR, S8k 7 d S5 1 PLA/
nano-TiO, & AR RHI T i B 3 A AL s
AJA] nano-TiO, &+ A4 PLA / nano-TiO, & 541
BEEALRT IS WP R A 7 R
8.8 |
80 | ..
72 | g
6.4 +

56 A=
48

4.0 r ‘ ‘ ‘ ‘
0.0 1.0 2.0 3.0
Nano-TiO,JF 7434 / %
K7 AS[A] nano-TiO, & &1 PLA /nano-TiO,
AR AT R BT R

M7 AT LLE L, AT, 4l PLA BB 2
A 7.73%, U N 45 1% A9 nano-TiO, J& , A&
LALE BB WT R E 0 8.41%, i — 21
nano-TiO, [ i i, & &2 & A1 kI W 244
F T R, YR nano-TiO, [t 43 50k 3% I,
KEAE A AR B 2K 5k 7.06%., FEAAR
1Y nano-TiO, 76 PLA JLik 4y ik, H 404k
TR, R R R I T — e R AR
1M 5 & & %) nano-TiO, 7E PLA JE A vt 38358 43 41
R, PG Z 0 N5 s R G S0 Y
HRFTR., £ 7 diE, 4 PLA BRI E N
6.86%, 5 K ZAL A4l PLA FHEL , HMr 2K R R %
T 11.25%. 4% 005 i 43 4 1% 19 nano-TiO, Ji5,
ZAb T d IR A MR W R K RO 5.47%,
KEALIIFEAL T 34.96%. 4N nano-TiO, ik /3

et

Wi / %

R 3% B, &1k 7 d S5 IR G BB B 2R R
N 4.34%, AR EARIREAR T 38.53%. KWITELIH
HREFNRHFE G B 212 54 T L nano-TiO, #s i
[ IR R B AR 2% | R, PLA SRR
BB 23 AC I A ) & 1 nano-TiO, [T 5 Aty e (1) i
Pt —0 S B 2 TR R

AN[E] nano-TiO, &= PLA / nano-TiO, &2 & 4%
BEEAHTE A5k 0 phasm B2 an &l 8 R .

10

O R /(K3 - m?)
S

Nano-TiO, it f& /3% / %
2 —&A00 d;mm—&4k7 d
[# 8 ““K[H] nano-TiO, % &% PLA /nano-TiO,
BAAMBLEALRT IS A B C s e

MIE 80 LUA I, AT, 46 PLA 198t 1 vhdi
SREN-7.64 KI/m?, T INTE %L 1% 1Y nano-TiO,
Ja  AREAE A MR R B b s Y % 8.56 kJ/
m?, 2475 il nano-TiO, Y I 1 43 KUk & 3% i, K%
L8 AR R ik 3 B R 2] 7.02 kI/m?, £
/b5 ) nano-TiO, A UL i b 43 B FE PLA J&
PR IEREAR PLA A AR RUBE , 1S A1 A
kY Sl T o i R S K, R 5 4 A9 nano-TiO,
FE PLA SE{AR 3R 7 TR, 340 1 53 v () i it
B4, ZEAM IR T 3 L B 4 Sy 10z g B v i E
Zdhn Ak B O ah R TR SRR
4l PLA fH G, 24k 7 d J5 140 PLA (8l 11 s o
JE 5] 476 K1/ m?, FRET 37.69%, X JE T
LHMNFREALS, PLA B IR R R K, SRR
SEYSIPEREAR, H AR A S 0 R A MRS IR AN
FEMEAERT , R TC A SO SO A% 356 40 A R
i, SRR p R BT R S I £ 4 4k 1%
() nano-TiO, J& , Z 4k 7 d Jo i 5 & AR ik 11 e
TR N 7.28 KI/m? BRI LT 14.95%,
MU AN nano-TiO, it 434k 3] 3% I, &4k 7 d J5
(2 A MR B s R R 6.14 kI/m? Bk
LI REAIR T 12.54%, 5 2 AL T /5 26 PLA B8k H
oo B B B A LT R/, 6B nano-TiO, it
B TR R AR AL R R VE T AT REAIR T o
TR AR
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(1) il ik SEM X % Hh A A4 2 16 AT e 1 4
PLA % Nano-TiO, stk PLA &2 £ b RHARE (1 22 i
KW A AT R B, 5 R 2 A i 4l PLA A
b, 246 7 d J5 2l PLA Wi b 30/ & ) KRR AL,
TR T B T R IR SN o it 73 K 1% 2%
3% 1Y nano-TiO, Ji, PLA /Nano-TiO, & & # ¥l %
AT I B T T B0 AR AN S s i o K 19% B
nano-TiO, Ji, 1k 7 d J5 B & M R0y F i 2 8L
YRR, TS I 5 434K 3% 19 nano-TiO, J&5 , &1k
7 d SRR R I B T AR R AL
(2) 38 3 %) 2 AL J5 B9 4l PLA & PLA / Nano-
TiO, B A APRHI AL A5 i BE AN AR AR SO A 31,
%467 dJ5, 4l PLA 2 PLA/nano-TiO, & & #1 ki
18 235 fh DA AT S 58 B2 190, ELAS I nano-TiO, J5i i 43
Hik B 3% Bf, PLA/nano-TiO, & & 4 kB #1467 d
JE B TR o SR S5AREALRYZE PLA FHLL,
ARG YAl PLA BOZE SR & T 6.4%, US N ot i
S8 1% 5% 3% (1 PLA / nano-TiO, & A4 M RHZE T
JEE A L RS A I 0 3 B v T 17.89% B 16.27%
[, SR EAI A L, 24k 7 dJn FHR A 26 PLA
LIS E R AR RS R, 5835 B4R o
(3) 8t Sy RE I & B, B AL L 7S 0 o
7 E 1% f4) nano-TiO, 1] LI #£15 PLA / nano-TiO, &
B ERRA L a8 B2 | W AR R gl 11 ik 06 R
5ZAHTYZE PLA A LE, 246 7 d 5 94l PLA 1Y
PR RS T 3.34%, Wr B AR 5wk 1 rfrifi o
JEA3 N T 11.25% Fl 37.69% s I VR N £t 434K
1% =% 3% {4 nano-TiO, J5, PLA /nano-TiO, & &
FARBIHREATR 58 BE 73 3 AR &AL B e T 5.17% FiI
7.42% , Wi B R IT BIBAR E LR R T 34.96%
1 38.53%, ik 1 i 5 2 73 3l R AL R B T
14.95% #1 12.54%,
S % 3k
(1] SkarEe, BRAR, F8, % AN EALRS PLA/ TPU/ TIO, & 41
FLE R T E YRR RS (9] BRE T, 2019,47(9):111-115, 94,
Zhang Qifeng, Zhou Yangdong, Wang Zhong, et al. Effect of UV-
aging on crystallization and mechanical properties of PLA /TPU /
TiO, composites[J]. China Plastics Industry,2019,47(9):111-115,
94.
[2] JEfRE, AN, LHER, A% . SR 66 / SRR AR FLIRILIR Y (Y
JI2EPEREANZE fA TR [9]. Hh I}, 2019, 33(3):32-37.
Zhou Jianhui, Sun Ling, Ma Yue, et al. Mechanical properties and
crystallization of PA66 / modified PLA blends[J]. China Plastics,

2019, 33(3):32-37.

[3] Chaudry U M, Hamad K. Fabrication and characterization of PLA /
PP / ABS ternary blend[J]. Polymer Engineering and Science, 2019,
59(11):doi:10.1002/pen.25230.

[4] Ed. AL RNE, 5 RO MR IR T g (PBAT) It

TREERFLR (PLA) mitErg 2 L MR 56 RIS I [0].
#RHFAR , 2019, 33(6):1 897-1 909.
Wang Xin, Shi Min, Yu Xiaolei, et al. High performance and fully
biodegradable poly (lactic acid) (PLA) composites modified by
poly(butylene adipate-co-terephthalate) (PBAT):A review[J]. Mate-
rials Reports, 2019, 33(6):1 897-1 909.

[5] HEWIH], 21T, ST 06 KA PLA TRCPERDRHI ] 2 B M BE
WF5E [9]. ¥ Tlk, 2019, 47(10):65-68,133.

Chu Mingli, Li Mingzhe, Wu Guangfeng. Preparation and proper-
ties of hydrolysis-resistant PLA modified materials[J]. China Plas-
tics Industry,2019,47(10):65-68,133.

[6] Sathornluck S, Choochottiros C. Modification of epoxidized natural
rubber as a PLA toughening agent[J]. Journal of Applied Polymer
Science, 2019,136(48):48 267-48 276.

[7) AU, EVE A, B, A5 8 B 2R L A v [ AN 08 Uk
P AR BARAT D) 0 TR 5 TR, 2016, 32(5):69-74.
Yang Heng, Lyu Yadong, Zhao Jincan, et al. Outdoor weathering
aging behavior of high density polyethylene in warm damp and cold
climates in china[J]. Polymer Materials Science & Engineering,
2016, 32(5):69-74.

[8] Gil-Castell O, Badia J.D, Kittikorn T, et al. Impact of hydrothermal
ageing on the thermal stability, morphology and viscoelastic per-
formance of PLA / sisal biocomposites[J]. Polymer Degradation &
Stability, 2016, 132:87-96.

[91 AHIH . 9K TiO, MysmALF 4t / NG &Mkl S o pi s

HNEACRFERTST [D]. Kb« PRl R, 2019.
Mu Mingming. Preparation of wood fiber / polypropylene compos-
ites reinforced by Nano-TiO, and the study on its resistance to UV-
aging[D]. Changsha:Central South University of Forestry and Tech-
nology,2019.

[10] Alrawi L I, Noriman N Z, Alomar M K, et al. PLA/MMT-TIO,
bionanocomposites:Chemical structure and surface wettability[J].
Defect & Diffusion Forum,2020,398:136-139.

[11] et skard, ith4s, 55 KMk Pk CNF X PBS / PLA LRy
R AT sz [J]. o EEER}, 2019, 33(12):16-22.

Zhu Yan, Zhang Qifeng, Jia Shikui, et al. Effects of surface-mod-
ified nanocellulose on hygrothermal aging behavior of PLA /PBS
blends[J]. China Plastics,2019,33(12):16-22.

[12] Kamau-Devers K, Kortum Z, Miller S A. Hydrothermal aging of
bio-based poly(lactic acid) (PLA) wood polymer composites:Studies
on sorption behavior, morphology, and heat conductance[J]. Con-
struction and Building Materials,2019,214:290-302.

[13] Moraczewski K, Stepczynska M, Malinowski R, et al. The effect

(T#HE 120m)


杨超


120

TSR

2020 4F, 45 48 4 455 9 ]

(4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

perature resistance filtration materials in China[J]. Chemical Indus-
try,2016,34(1):18-21, 25.
BRI B IRAR, SR NE, 25 . i R P S e iR AE
5058 [ 7=l L4, 2013(3):33-36.
Ge Qingtong, Yang Zhendong, Wu Haibo, et al. Characteriza-
tion and research on fiber damage of the high temperature resistant
needle-punched filter material[J]. Technical Textiles, 2013(3):33-36.
G4t I, Eh A . A ML R AT 2 R A i A e A R [9].
P Y4, 2017, 35(10):27-31.
Peng Mengna, Ma Jianwei. Organic high temperature resistant fi-
ber and its application in filtration materials[J]. Technical Textiles,
2017,35(10):27-31.
X, L, B R R A B AR P[], BT 2
R4, 2018(3):13-14.
Liu Wei, Jin Jiang, Ma Fei. Development of high temperature re-
sistant dust removal filter materials[J]. Resources Economization &
Environmental Protection.2018(3):13-14.
T IR A3 A D5 R IR RN 4F Ak P Re S5 0 [9).
[E 474 , 2010(23):76-77.
Ji Ping, Sun Junhe, He Qin, et al. Study on property and appli-
cation of aromatic polyamide fiber[J]. China Fiber Inspection,
2010(23):76-77.
Lee J, Broughton R M, Worley S D, et al-Antimicrobial polymeric
materials:Cellulose and m-aramid composite fibers[J]. Journal-of
Engineered Fibers and Fabrics, 2007 ,2(4):25-32.
Jain A, Vijayan K. Thermally induced structural changes in Nomex
fibres[J]. Bulletin of Materials Science ,2002,25:341-346.
TAHOT, SIS, 477 5, 45 . 48 1313 / PANOF iyt il
#& MR [3]. BURLi81HR 2019, 27(6):26-30.
Wang Yanli, Wu Lingna, Jin Wanhui, et al. Preparation and prop-
erties of aramid 1313 (MPIA) / PANOF needle-punched filter
material[J]. Advanced Textile Technology,2019,27(6):26-30.
TR, TOTEE) , MRIG | 55 7 15 SR M 2T A A PER ORI STt e [3].

©00000000000000000000000000000000000000000000000000000

(E#EE 109 77)

[14]

[15]

[16]

of accelerated aging on polylactide containing plant extracts[J].
Polymers,2019,11(4):d0i:10.3390/polym11040575.

VKR, ST, R, 45 . TiO~Ag / BALBRAN K A £ 2 (il
o M HBUAVERE [J]. 2581°%41, 2019, 40(4):1-6.

Sun Hui, Zhang Hengyuan, Xian Yulong, et al. Preparation and
antibacterial properties of TiO,~Ag / poly(lactic acid) nano-com-
posite fibers[J]. Journal of Textile Research,2019,40(4):1-6.
Zheng Minghuan, Zhang Shanshan, Chen Yifan, et al. Structure
evolution of bio-based PLA /ENR thermoplastic vulcanizates dur-
ing dynamic vulcanization processing[J]. Polymer Testing, 2020,
82:d0i:10.1016 / j.polymertesting.2020.106324.

Haugan | N, Lee B, Maher M J, et al. Physical aging of poly-
lactide-based graft block polymers[J]. Macromolecules, 2019,

[12]

[13]

[14]

[15]

[16]

[17]

[17]

[18]

[19]

1kt 5% 4, 2013, 35(3):58-61.

Pu Lili, Huang Hengjun, Lin Peng. Progress in modification of
aramid fibers[J]. Chemistry and Adhesion.2013,35(3):58-61.
Villar-Rodil S, Nez-Alonso A M, Tascon J M D. Studies on py-
rolysis of Nomex polyaramid fibers[J]. Journal of Analytical and
Applied Pyrolysis,2001,58:105-115.

KB, S5 H e, BRI R R B 2F M D5 48 1313 B A B
O R Y A A 5k AR (O], w0 AR R 5 TR, 2011,
27(8):122-125.

Zheng Yuying, Cai Weilong, Cheng Lei. Preparation and proper-
ties of acid resistant glass fiber /aramid fiber compound filter mate-
rials of needled felt[J]. Polymer Materials Science & Engineering,
2011,27(8):122-125.

XD AR AL DS ETRIBEAE S IR T AL S A R4k ).
PH 2 TRER 2244, 2017, 31(3):315-321.

Liu Zaofang, Zhang Dekun, Zhang Xing. Pore size distribution
changes of aramid needle-punched felt in hight temperature[J].
Journal of Xi’ an Palytechnic University.2017,31(3):315-321.
FMEEE, R . T A G IRIMETST [9]. & e 4E, 2010,
39(7):48-50.

Niu Pengxia, Yang-Caiyun. The study of aramid braided rope
on-acid and alkali resistance[J]. Synthetic Fiber in China, 2010,
39(7):48-50.

TR ATUELR, 20 A5 L TR 4 XL DT A TR NI 52 Ak
SR 0] MiYi8UE R 2018, 46(8):36-39.

Wang Yi, FuWeijuan, Li Ye, et al. Quantitative chemical analysis
method for mixture of meta-aramid fiber and para-aramid fiber[J].
Cotton Textile Technology, 2018, 46(8):36-39.

kit ST AR RS0 [0 RIBI SR 2012,
40(7):8-10.

Zhang Hongting. Analysis of thermal degradation process of ar-
amid fibers [J]. Shanghai Textile Science & Technology, 2012,
40(7):8-10.

©00000000000000000000000000000000000000000000000 ©

52:8878-8894.

Jiang Ning, Li Yaomin, Yu Tao, et al. Effect of saline and al-
kaline solution aging on the properties of jute / poly(lactic acid)
composites[J]. Polymer Composites, 2020,41:1003-1 012.
AR, WO, /N5, 5 PP /EPDM/ 4K TiO, & 4 bk
il 75 S AR RE [9]. %881, 2018, 47(7):13-18, 23.

Wu Mengqi, Cao Xinxin, He Xiaofang, et al. Preparation and
thermal performance research of polypropylene / ethylene propyl-
ene diene monomer / nano-titanium dioxide composite[J]. Plastics,
2018,47(7):13-18,23.

LeeJS,Hwang G H, Kwon Y S, et al. Impacts of cellulose nanofi-
bril and physical aging on the enthalpy relaxation behavior and dy-
namic mechanical thermal properties of poly(lactic acid) composite
films[J]. Polymer,2020,202:doi:10.1016 / j.polymer.2020.122677.


杨超




