% 4 ) =

2013 4 H

ACTA POLYMERICA SINICA

% j:li No. 4
Apr., 2013

RAR/ SUBTEEQANKRESHHH &
SRR SR

? %1,2 }E}iﬂil’“*

R T ARSI THE R (HRK) TR E  2EAKFF  830046)

M E W ROK LS T Ze0 R IR RUH I B 4 TR FLER (PLA) /Zn0 M A 40k
AR X AT (XRD) (T4 T 2 0BE (SEM) (i 55 i T 2 UBE (TEM) (X ZnO 4% 2 47 I
PLA/ZnO #1445 A 90K S BB G5 RHEAT 1R AR, JF X H ) 2= P RE AN AR RE PEREREAT T K. SOUL &5 44 43
BT, ZnO M £ 2 A7 52 30 R Bk, R 38 5) 40 107E PLA 3R )5 vh . 28 MR 9E WA 0. 3% ZnO 42 B A7 1 i A
A B T3k PLA 2 5 AR I R 3. SEM 20 MR W] PLA &2 & b4k i I T A= I I ke A2, 3R 9 R I 0 1
DSC £ 5 7R A0 oK ZnO A 4% 52 77 AT LARREAR 25 4 R0 BB Al 7 AR 1R B2 (45 A IRLEE A B T 4R 1 PLA &= 5 41 R
B4 i, 5 XRD S Hr A & 5 A TE 0 M R W] ZnO AF 45 58 47 7] LI w5 PLA 2 & B0RHR) S AR e 1. Il 45 2R 3%
B, Zn0 AL A TE PLA SEBT R 2] T 5 A0 AL AR AT, e 0t T PLA 6 BT 45 &

*EEH BWIM, Zn0 HERA, LEME, M

S FLIR AT O — T % 04 e fige 1) A2 s o 1
PR, BT E 2wz A T LA A
RO PR B L A B BRI T
FON . TR 2R LR BIOPE — B R FL MR WE S
AR, BT A R e SRR S A2
T BURHE AR 4 L R AR v B R
P S A R 3 5 A LR SRR AE IR R A R
BER R R A WA RO R A RS R
WFFE A A TSR W, A B 1 20Kk kA
PLA JE i ip A O 2 e LR Y A A, T LAY
SRR, AT LA E PLA 2 Jit v 45 il 76 A
N AT

TR A e T I T R AT Y =T EE A 1 )2
W AR £, HAI 53 (9 3 T P BE L B2 I 1 e L BH B
A ke T A 52 G 5 — D i, 4K Zn0 H
ARG 6 LA R L R I 4K
ZnO EAE A I N ] T RS 2 2 & 4R,
BE T LA S A 7 488 e Ak B, ST LUK T 3R 7L
R B4 R (14 DI BE

AR SCR TR K fff 35 il %6 T 98K ZnO 4%
WA JE S R R 1 U7 A 46 T PLA/ZnO FE 4%

BATIR IS BORE, LA PR SR LR 19 45 P RE
I LB FLG 1 B IARE E PR E.

1 SLBES

1.1 SKIEEH

PLA, TESASE 4y 11 8 x 10°, BRIDLAE A
W AR A S BEFFBERR =T BiE (ATBC) , Tl
e, N R IE AL TR A PR A W) 5 ZnCl,, 43 B
af, R AR R AL 0 T R, S R Al
NaOH, 73 Hr 4l , K7 Boz b 271l )
1.2 FEMNHFEE

T S0 i , WBEFY205 , I L7 A A 2% A BR
N BB P, HAAKE RHEOMEX 254 %
TR HAAKE 24 w) 5 f 2 13 %8 B, Minijet, 7&
HAAKE 22 7] 5 A gl sk 1§ A AL, ZQK-20, 7K 8 K
IR ALA PR A 5 vh s il g AL, XJU-22, 7R 8K
IR HLA R w5 #2304, Q600 , €[5 TA
N #] s XRD A7 4%, Philip X’ pert PRO %I | fif 2%
Philip 2\ &) ;15 81 H.8% , Tecnai G2-F20, fif 2% FET 23
] s T REA B B8 HIL , Instron 4302 5 3 [ Instron 2y
Al AR BT, Inspect F, fif 2% FEL 8 ] ; 22

#2012-09-11 W Hi ,2012-10-24 B Fif s [ 5K FARFL 2436 43 (FE 45 51163013) BERI I H .

sl K & A, E-mail : zwjohn77 @ sohu. com
doi:10.3724/SP. J. 1105. 2013. 12276



4 2R LR/ A AL A SR AT 9K S B R 9 5 TR RE M S A R AL 535

K 4 2 1Y ,204 Phoenix , 7 [E Netzsch 2> H].
1.3 XWH*E
1.3.1  ZnO k48 4l %

TERIZUSEPE O — 2 W EE NaOH 5 W 22 1% Jin
AN— & W B ZnClL, W, 5 % n (OH™ ) :
n(Zn’*)J0.8:1, %% 200 W 45 H8 20 min, 15 )
RA BRI, K5 K 20 A4 A
5% Jot g W FE Y 2 A0 Ay AR & b, 80 C R 3 h,
FENE e R CL R BE R TR S ,400 C
B 3 h, 15 B Zn0 B A, A B Zn0
(mmol) /B4 () MKy 5:1,10:1,15: 141 20: 1.
1.3.2  PLA/ ZnO FEH5 52 A7 99K G kR #4938
T

¥ PLA R ZnO 45 12 7 4% 8 — 52 19 L 451 T
RA, Wl 44 Zn0 A 4% 2 A T & 53 %05 i o 0,
0.3% ,0.5% ,1% 1 1. 5% () PLA Fl ZnO F: % 12
HiR 4 EER, 7F HAAKE RHEOMEX 254 7 B2 4T
BY AL b i IR B L IR AT 3 30 v/ min.
BLUE BE DA Rk o 3] 4 1R i € Sy 170, 180,
180,180 °C. ¥ Hi () PLA/ ZnO R B A9k E &
BRHIIRE J5 % ) HAAKE MiniJet 73 780 15 38 B 4%
FRUERES T 12 PR e 2 |, ¥R B 190 °C 4
HLRE 60 °C 1 EYE K 7 80 MPa, £ JEH}E] 10 s.
1.4 gt R &S RIE

P06 K 25 [ Instron 4302 BT BE M R
I AL, #% FARIE GB/ T8804. 2-2003 #1475

XRD 43 #7 % H faf == Philip X’ pert PRO %I X
SRR 2 A SR ASORT A 3 A7 0 4, A T R 5 TR Cu 48
(A =0.154 nm) ,Ni JEJ A, FTHIEFE 1. 5° ~60°,
HIm 2 0.1 (°)/s, B H K 50 kV, 4 i 35
mA.

SEM 3£ & H fif = FEI /8 &) Inspect F #1137
KRG WG N A R 20 KV R &
PO HUG WS4, WEIE A 52 6 AR 2% Wi <f I
AT 5 W8 4, ISR TE AL

TEM 3 % H faf 2% FEI /A %] Tecnai G*-F20
Y37 5 L 7 W BB, R R R A T JE K & BERR 7S G
30 min J5 T8, B AL 75 KV, PRGN T
10 mA.

TG-DTA 734 & 126 TA Q600 #A i 43 Hr {3 itk
PR E M, BE A i 5 ~ 10 mg, M3 2 144 A
TR HE 2 10 K/ min, P38 F R % iR ca. 450 C,
N, S 4.

DSC 43 #7 % F 5 [E NETZCH /A ] 1) DSC204

AR AT DSC 4347, 78 N, 5 b I 25 1R 1
JEal Gt AR, I 10 K/min, N, 3 & 40 mL/
min. FRPHE S S ~ 8 mg, 78 AH [] ) 5 5 U B 2%
T RESR B SN E IR L 10 K/min () 3R THE T &
200 °C, e S 45 il 2%

2 H#RE5iTR

2.1 HEFGHMRL

K1 AN TR AL £ LE R /9 ZnO A 5 8 £ 19
XRD 3% & I Rl LR BT A L, 4l 47 001
s AT AT S W 5 T 55 4 52 A A LE , ZnO AR 45 R
(9 001 b THI A7 5 e £ A 45 Jim 24947 AR R JEE 119 Dk
55, AEFE Lo 102 TIE, BE i, 52 7 19 001 & T
RTS8 AT 2R, R AR RS . RN, X T AL 45 5 A
(9 XRD 3% [&] i, A B o i B ZnO (YRR AE I, R 1
Hr T ARV Y 100,002,101,102 F1 110 & g, 53X
AT BER] T Zn0 FE#E 2 A B 22 il &, Hodx
HEREFE L1 100 1, i T B Y ZnO AR08 411
SR U L 7] 1) 45

Intensity

10 20 30 40 50 60
20(%)

Fig. 1 XRD patterns of ZnO pillared saponites at different
pillared ratios
a) Saponite, b) ~e)ZnO pillared saponite, pillared ratio at

5:1,10:1,15:1 and 20: 1
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Fig. 2 SEM and TEM images of ZnO pillared saponites: (a) saponite and (b,c) ZnO pillared saponites
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Fig. 3 Effects of ZnO pillared saponite on mechanical properties of composites

(A)PLA/ZnO pillared saponite and (B)PLA/ZnO pillared saponite-ATBC



4 2R LR/ A AL A SR AT 9K S B R 9 5 TR RE M S A R AL 537

& v B LR P ) [5] I A5 e M £ 45 52 6 R B8
SRIE. B 3(B) il LI BiE ATBC BYIIA i
iR BN e W] 2 R B BOR, £ AR T, ATBC
FEIRFA B A, XF PLA SR B 1R B A9 A A, 1
PLA K731 2 18] 89 FH B EE 452 /)N , e o3 1 ik B Y
AHELAE T T sk 55, AT 5 | 56 38 ) DA e R I, ik
UL 16 T 39 9 1) [] I a0 1 2 P B 5 9 HE 19 452K

2.4 BIB/ZIn0O HEERNKREAMBENY

s HR
2.4.1 RILM/Zn0 H: 4 £ 99Kk &2 & MR
XRD 43 #r

K 4 BRI/ Zn0 M 2 A 9K E A R
ff) XRD 4307, i & 4 1] LLE G & i, 30° ~ 40° 2
IF] () R AE A7 506l ZnO (AR AE I 0. 53 40, I
HE R, PLA i 2 35 02 0 B0 D) A I & 9 9
e, A LAAIR 45 & 25 9 T sUAE L6 A ZnO 4%
BF G L AE 16, 8° 1 19° Bk IF 8 — 5 9 J3E A7 4
W, 3 & PLA 9 a i 780 f gt 0 f B2 430
ZnO HEAE AR AE S T PLA f945 &, & B
BAER Aok R 55, fiE ATBC B A, PLA 11y
S T oE B X R T ATBC A PLA 3545 #2055
e, ATBC (i A 45 PLA (%) 5L 1H AH 25 P15 31
T RSB, T 0 vk 1o, T4 il AR
P PLA 43 T8 i T 4L A0 25 5%, BT LA I 750 T 4 2%
TR, R LA . I P A B AT B 3 T 5
) ZnO FE4# B4, i F PLA Bt Al &R &,
TR A PERE TR AR AR T 5 PLA JE 57 3 fih

.a»'»\'\. { x, N ll 3 .' 2%
WA T G
At Ko A

Intensity

f

10 20 30 40 50 60
20(°)

Fig. 4 XRD of PLA /ZnO pillared saponite composites
a) PLA,b) PLA/ZnO pillared saponite, c) PLA-ATBC and
d) PLA/ZnO pillared saponite-ATBC
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Fig. 5 SEM morphology of fracture surface of PLA composites: (a)PLA, (b)PLA/ZnO pillared saponite, (c¢)PLA-ATBC and

(d)PLA/ZnO pillared saponite-ATBC
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Fig. 6 TEM image of PLA/ZnO pillared

saponite nanocomposites
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Fig. 7 DSC curves of PLA composites; (a) PLA, (b)

PLA/ZnO pillared saponite, (c¢) PLA-ATBC and (d)
PLA/ZnO pillared saponite-ATBC

Table 1 Feature values of the DSC curves of PLA composites

Composition Tg(oc) T.(C) T,(C) AHC(J'gfl) AHm(J'gfl) X (%)
PLA 58.7 107.9 170.2 -34.43 40. 44 7.1
PLA/ZnO pillared saponite 57.6 111.7 170. 8 -29.84 38.52 10.3
PLA-ATBC 45.4 98.8 165.9 -18.08 39.45 25.3
PLA/ZnO pillared
41.8 92.8 167.3 -14.03 41.72 32.9
saponite-ATBC
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H 55 PLA Z[H] A M 22 S, AR 5 T 1) 3 3l 1 52
FBREI, 7B 5 BRI T PLA iR i A K 2s ). 5
—J7 T, AT B9850 ATBC J& , PLA 25 B2 A
WK, I Al e 70 TR RE RN 25 IR ER AR T 10 °C
DL, ¥ & it i 1 B0 W SR s/ L 3X B B ATBC 1Y
IMAREAR T PLA 7355 5 R A 5% 0995 1L RE
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Fig. 8 TG curves (A) and DTG curves (B) of PLA composites
a)PLA; b)PLA/ZnO pillared saponite; ¢) PLA-ATBC; d) PLA/ZnO pillared saponite-ATBC

Table 2 Thermal decomposition temperature of PLA composites

Thermal decomposition
Composition
temperature (°C)

PLA 352. 06
PLA/ZnO pillared saponite 367. 44
PLA-ATBC 323.39

PLA/ZnO pillared saponite-ATBC 324.87
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BLJE ZnO FEHE AN o) 14 B B iy B RE

BAN—J5 1, A ATBC Y PLA & & 4  fit
ok AT B A R, R S T T ZnO A1
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YR 1 ¥ 70) %43 HUAE PLA JEJ Y ZnO A1 4% 2
A E) TR RIS AE R XA Zn0 MR
A 3 i B BELAS AR TN, H BT R I R 3

SR L) ATBC ¥R 8 &, BME#F T PLA & 43
THEIZ BN, BRAIK T IS0 it T T RE 22, WO I A0 i TR
JEE AR e R AR AN, AHL PR SR U, oM JS B PLA &
B R RAT SR BT LA AL IE Al R

3 &g

(1) 3 A K A 0 T 4 45380 50 B9 ZnO)
S84 AR Zn0 JIURLI S 7220 ~ 50 nm 2 ],
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(2) 1 RE 52 4 b RIS FE 9 15 T, 94
oK ZnO FERE 54 1 5 T 54 BB R 97 2 g
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FI TR S PLA 7 45 dh FAE T PLA %5 ik
I L BB L A TRLIE T BLAE A PLA %5 25 9
S5 PR T A bR 0 B SR £
R 5 01 5 1
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REPARATION AND CHARACTERIZATION OF POLY LACTIC ACID/ZINC
OXIDE PILLARED SAPONITE NANOCOMPOSITES

Jin Li"?, Wei-jun Zhen'?
(' College of Chemistry & Chemical Engineering, Xinjiang University, Urumqi 830046 )
(* Key Laboratory of Oil and Gas Fine Chemicals, Ministry of Education and
Y Y Y

Xinjiang Uygur Autonomous Region, Xinjiang University, Urumgi 830046 )

Abstract Poly lactic acid( PLA) /zinc oxide(ZnO) pillared saponite nanocomposites were prepared with ZnO
pillared saponite synthesized via microwave hydrolysis method. The structure of ZnO pillared saponite and
PLA/ZnO pillared saponite nanocomposites were characterized by X-ray diffraction ( XRD) , scanning electron
microscope (SEM) and transmission electron microscope ( TEM). Moreover, the mechanical properties and
thermostability of PLA/ZnO pillared saponite nanocomposites were studied. The microstructure showed that the
ZnO pillared saponite appeared as exfoliated or partially intercalated nanometer layers, and the TEM showed
that the ZnO pillared saponites were evenly dispersed in the PLA matrix in the form of exfoliated layers. The
mechanical properties showed that the elongation at break of PLA nanoncomposites was improved when the
loading content of ZnO pillared saponite was 0. 3 wt% . SEM analysis demonstrated that a visible transformation
took place in the section morphology which manifested the toughness of PLA nanocomposites; DSC results
displayed that the ZnO pillared saponite decreased the glass transition temperature and cold crystallization
temperature ,and obviously promoted the crystallinity, which was in accordance with XRD analysis. TG-DTA
analysis showed that the thermostability of PLA/ZnO pillared saponite nanocomposites was improved. In a
word ,a hererogeneous nucleation effect of ZnO pillared saponite on the PLA matrix was testified and all the
results showed that the ZnO pillared saponite played an active role in accelerating the crystallization process of
PLA matrix.
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