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Two-step method for preparing PLA/PVAc¢/nano-ZnO composite film and its properties

WANG Jinrui', CHENG Wenxi*, LOH Teckpeng', LI Jinling', MIAO Wei’,ZHANG Yike’, WANG Tao’, SONG Weigiang®

(1. College of Advanced Interdisciplinary Science and Technology, Henan University of Technology,Zhengzhou 450001, China;
2. School of Materials Science and Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract : In order to overcome the problems of insufficient mechanical properties and weak ultraviolet blocking ability of
polylactic acid (PLA) in food packaging applications, PLA/polyvinyl acetate (PVAc)/nano-zinc oxide (ZnO) composite films with
safe, pollution-free, low cost and excellent comprehensive performance were prepared by two-step method with PLA as matrix,
nano-ZnO as filler and PVAc as compatibilizer. At the same time, pure PLA films and PLA/nano-ZnO composite films were
prepared for comparison. The results of differential scanning calorimetry show that the addition of nano-ZnO increases the crystallin-
ity of PLA, but the presence of PVAc weakens this effect. The results of thermogravimetric analysis show that nano-ZnO catalyzed
the thermal degradation of PLA molecular chains at high temperatures, resulting in a decrease in the thermal stability of PLA/ZnO
and PLA/PVAc/nano-ZnO composite films. The film tensile test results demonstrate that the addition of ZnO-PVAc significantly
improves the tensile strength of PLA, and the tensile properties of the composite films is the best when ZnO-PVAc is 2 wt%. The
light transmittance results show that after the addition of nano-ZnO and ZnO-PVAc, the ultraviolet transmittance of the films
decrease, which is better than that of the pure PLA film. In the strawberry preservation experiment, the preservation effects of pure
PLA films and their composite films are superior to those of commercially available plastic wrap, and the preservation effects are
even better when the contents of ZnO-PVAc are 4 wt% and 6 wt%. The combination of nano-ZnO and PLA helps to broaden the
application of polylactic acid composite films in the food field. The addition of PVAc improves the dispersibility of nanoparticles in
the PLA matrix. The prepared PLA/PVAc/nano-ZnO composite films possess both enhance mechanical properties and preservation
effects.

Keywords : poly(lactic acid) ; nano zinc oxide ; poly(vinyl acetate) ; solution casting ; preservation
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LRI Tl PR R B & 2
BN 22— Al AT A R IR s R O R
KON E R T B0 12 RE VIR AR, 78
BRI R TN BT AR A
SPRME Y H 25380, 3B L [ SR A G A b
SRL™= B IR BT T AN 2 4", T i
PR IR 75 Y ) 0K B 8 X6 T H 65 A 98 A 1 9 9 T
I, I & m] R S ) F RGBS U5, B A de Al A=
WA 025 AR E ORI 2 Bl 22—

RFALMR(PLA)E—FP Al 58 2 E Wb g H A= Y0
ZE0E B AP BB, HOR TRz AT A B
A ATHERE B Zp I T AR AR S A ESS
BRAG R, BT 8 0 21 {40 4% G2 Y8 RE 1Y i i AT
A, (H PLA HA )M 2 | PR A R 8 S
kit PLA A R (W B B 4] PLA R, P 28}
EA DX PLA #5477 T RCHERFSE o Al PLA HimA
YRR AT DA 25 PLA [ 4T MERE , [l Bf 42 25 PLA
) R it R0 Luzi A5 FH 2 1 1 M7 Rl P gl oK 27
YR (CNO), il % T PLA E &, K ek Mk 5 /o
CNC 7F PLA SR 8034 5, $2 7 T PLA B 45
Al EE RN 1 2F R . Ramos 251 T HL A ) AR 5 52
JIit £ (DA3B) il # T 9K A=W AL, 45 SR R B
IINFGEHE T A PSR 0 o3 fff | TE PR RE IG5 T Bt
AALTE M, AR TR B R . Baek 460
WF9T K IR Z MR M 14 TiO248 K UKL 43 Bt B 47
JUT 5 PLA JB 14 BEL R 480 A K 28 S MR REAS 31 35 it
TR A AR B AT A ) A A 2 AR T 0
A N 7. BRI, AN T B g R AR 45
O RERR, FHE G EHOTERE TR IMAHE
), 0] DA GR350 M43 H0fE PLA JE3R A4
b X R AR 250 T LR B8 N3 R R
H R FH DT 8 210386 25 04 H 1) 5 o5 — 7 T, 40 Kk
T B RN B RAF, W] DASRAS LA R M e Y
HARE,

SEH LA PLA SR , 942K ZnO S FE ], PVAC
KA, 4 T e Tois g MR LA PERENL
SEGORE G, B8 O ORI AR
ZnO LS R TP T R A TE R 4R I6TR 4R
Je , R B 2R 2 M TR A PLA FH 25 Mg 05 05 B
PVAc &4 B 45K ZnO FLIB A PLA %, 47
ISR, AR U R () PLA/PVAC/44°K ZnO
A, IF 541 PLA IR PLA/4N K ZnO & A I E

17 H#E, WF5E PVAC S5 452K ZnO 9 i A X PLA 5
SR S PERRREA .
1 LWES
1.1 EZRAMA

PLA:REVODE201, #7 V1.3 IE A= WA Ry A
PR F

YK ZnO: 4l 99.8%, (50+10) nm, 12 vatk
AR Iy AT BR A 7 5

CIR TR - L1 99% , T KAkl s

TooK W - AL =99.7% , KT & FHG 404k T
AR

1 AR I BE(BPO) : 4115 >98.0% , KL 7k K
2RI A BR A A 5

TEEONIR A E299.5%, K EET R TR An4k T
AR

T B {5 5 . M160DE (30 cmx20 cm), B 24
(PE)Y#F ).
1.2 F&EAE5ME

AR ATAMSERS(FTIR)Y : SpectrumTWO,
FAA R BRA D A () FR A 7 5

ZR AR EH(DSC)IL . DSC250+RCS90, [
TAXER AT

(TG : TAQS0, 36 [ TA AU #R A7l 5

W 76 HL . WDW-100NE, 5555 )AL 2%
WA

75 /32 FERAY - SGWS-810, I M A v [l s £
SRR IR AT

Yt 35 546 - SPX-250BI1L, FE 107 48 A 8 (T b)
HBRAH],
1.3 XA &
1.3.1  PVAc {54 B 41 % ZnO 27 3 7 o | &

T8, FREL10.0 g B4k ZnO B R £ = 111 ke
S, A 100 mL Z BT 43801 h, 155040
K ZnO S EFLIR o ARG IS = VRS B T8 Y b
IKIEH N, A 10.0 mL Z R 241§ 5 0.1 g BPO,
JHIRG Y5, A E A HEBR &< 10 min, A E]
70 °CJi i 4 h, B o] 153 2] PVAc & 1i (1) 44 K ZnO
(ZnO-PVAC) /- FL i - L 7E 70 CCHEFFRE 1L AT
PR FLE A A5 R 17.3%
132 PLAFERHE A HFEHH 4

HSEPRICS g (1) PLA UKL A = SUpe i, F
[ A I 50 mL 48 NI, 5 FE E PLA ik 58 4



T4, A5 A 4 PLA/PVAC/4HK ZnO B4 5 ML PERE 47

W SR AR BRI ZnO-PVAC 73 BFLIK
ARSLEE 4 h B SNR G . B IR GH
TR NG GE P TR AR b, & T 30 XU v, 2
Z i, A5 3] PLA/PVAC/4iK ZnO &4 T (81
9 10~20 wm). >R FAH R 70 25 i 75 PLA JEEFT PLA/
YK ZnO B AT, R 1HH T4 M7 4.
F1 ZHPLARR.PLA/4YK ZnO #1 PLA/PVAC/Z43K ZnO 8 & FEH)
B (RESE)
Tab.1 Composition of pure PLA membranes, PLA/nano-ZnO and

PLA/PVAc/nano-ZnO composite films(mass fraction)
%

Samples PLA ZnO ZnO-PVAc
PLA 100 0 0
PLA/ZnO 98 2 0
PLA/ZnO-2%PVAc 98 0 2
PLA/ZnO-4%PVAc 96 0 4
PLA/ZnO-6%PVAc 94 0 6

1.4 mX5 RAE
1.4.1 FTIR MK

FIFH 4 I 5 FTIR SO AE S Ak A 25 M HEA TR AIE
TBE A 400~4 000 cm ',

1.42 DSClli&

{5 I DSC AL, FREL S mg (AL S B T HER b, 78
RAFEEH LA 10 °C/min A FHEHE R N F IR E
200 °C, 1£ 200 °C F{44F 10 min, 485 DAAH IR 3 54
MBI,

143 TG

{8 TG 43 B ASCHE N R FREL8 mg 2247 1Y
DAL B THEE Y, L 10 °C/min £ HRs S06
FEEHE it B 40 °CHN#AZ 600 °C.

1.4.4  F % HEaE R

I FH R 7 3358 MLAR H5 GB/T 1040.1-2006
DA PLA FI PLA &2 5 A0 J1 2 e o A
dn FHER JT3R YT A4 TR , LA 10 mm/min (947 fif
X RESEA TR0 . A 2 RS 3 Yk, L
FYIH.

145 b baE K

SR 175 525 1 I A S 2 o) 28 R A AR 2R A
ZLAM G]G0 L PN 325 S 5% g 2 3 3
B
1.4.6 ¥ JE Ok & BRI K

R [a]—HE R B9 FERE , Pk A Sk KN FEAR —
|y, e HZE BRI VE— T, B 75% B FTR RS B
B VE—IR, BT o SRIG AR R RE — M 9

BIAR FlC EE—> B A, FH I A5 I T B 1) (R e
FRAE S A A 3 2 S TR EE 20 CCRIA R
J& 70% B TEIRIE SR o B0 IRIC SR R AR Y A1
W, 8 3 UL B ) B B S B L PR RIOR,
2 #R5ie
2.1 FTIR o #F

B 1 k42K ZnO i1 ZnO-PVAc [ FTIR [£]
L LRI, UGG I 4K ZnO ki F-7E 2 970 cm ™' Al
2 889 cm ™ AbAH W, UEBA T K ZnO R S H A
LA . 4 PVAC B 40K ZnO J& |, 1] L& 3
FESATE 1 736 em ™ A7 B 1 H B — 158 ) W IAC e
HIFJE T PVAc /> T h—C=0—3L H iy i 4 i 51
1 238 cm ™" 4b H B A IR Wi U 5 —C—O—C— Y {4
PREA X, 1 123 em ™ A1 021 em ' #Y FTIR E T )&
PVAc ) C—O fh4itRzh", X SRR H EIE
T ZnO-PVAc [N A AL

ZnO

ZnO-PVAc
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Bl 1 44K ZnO ki T-H1 ZnO-PVAc 1Y FTIR §i% &

Fig. 1 FTIR spectra of ZnO nanoparticles and ZnO-PVAc
2.2 DSC4a#r

[ 2 5 PLA, PLA/4 K ZnO 1 PLA/PVAc/4H K
ZnO B A TR DSC 4k , MHOCEE S T3 2. M2
AR, AR S A — D BB A AR IR (T)
TR R (T ) LA S — a4 il . Fh38 2 I T, PLA
() T A%, AN 62.29 °C 4 HA Y4 K ZnO Fl ZnO-

PLA/ZnO-6%PVAc
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ﬁ,_/;,\/‘
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Temperature/°C
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Fig.2 DSC curves of PLA,PLA/nano-ZnO and PLA/PVAc/nano-ZnO

~— Endo

composite films
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Tab.2 DSC thermodynamic data of PLA and its composite films

Samples r/°C T/°C AH /g X/%

PLA 62.29 171.75 30.62 32.71
PLA/ZnO 64.68 170.88 35.18 37.58
PLA/ZnO-2%PVAc 64.56 171.15 34.83 32.60
PLA/ZnO-4%PVAc 65.87 172.05 27.90 29.81
PLA/ZnO-6%PVAc 66.01 173.38 27.04 28.89

Notes: T, is glass transition temperature; 7, is melting temperature;

AH, is melting enthalpy;.X, is degree of crystallinity.
PVAc J5i , PLA/4 K ZnO Il PLA/PVAc/4H K ZnO &
BB TR T o X2 AK ZnO 18 6
MLIFURE, BB B AL B 22 1% Bt T W BV A 3 R
TEGIARRJE BRI 835, MR T PLA 551
F iz gh, #2057 PLA Wi 7,9, 1 X F PLA/
PVAC/H1K ZnO 545 W, H Tk — 04y, E202
H T PVAC fE AR M B2 T 5 PLA HoA B PR, g
BE— R ERAK ZnO 76 PLA ARG/ SO AR 234k
RO EAE

BHPLAW T, 16171 °CEA, b FIREhR
N AR R (AHL) S AR IR B, BB T s 2
Ay W45 F AL X PLA 45 5 E A B . 4l
PLA W45 5B (X)) H 32.71%. 444K ZnO Il A J5 ,
HH T 94 KR 1 A% AR I, PLA 1 X 46 7 3]
37.58%. 444Kk ZnO H PVAc &1 J5 , PLA/PVAc/
YK ZnO KA R X, SR B, 33X & A PVAC
HIRBEMSHRE B 40K ZnO 78 PLA g 43t , (X
PLA H A BHASEE S AR =
2.3 TGa#r

I TG MU0 PLA K H: A2 A5 i ke ce
HEAT THFSY , LRGPt I £ an 181 3 T, TG i
SIT3. IWIE3ATLIE A AR L TE TG 43 Bt
FErpE R R — KR AP IR . 4l PLA AR K &
5% I B (T,,) RS KRR B 3R A T B (T, 9301
4 309.2 °C il 365.4 °C , ¥ = T PLA/4 K ZnO F
PLA/PVAc/4H2K ZnO 52 4 #5055 Nz I B2, 26 B 40
K ZnO BIIMAREE T PLA fUHEEEYE, 24 SCik 3k
U720 7E PLA IR IINgRK ZnO kLIS , AR K #ER
SEPE R A, EEE B T49K ZnO PokE RETE ik
FEEMEEFIAVER , 2 PLA JER A 7R
M8 PLA A AR =il T e ) TR

A, AR 3 54l AT LU Y, PLA/ZnO-2%PVAc
) T, 1 T, 3 H PLA/ZHK ZnO WO, BB T i
42K ZnO B M HL IS 3 A, HE— 22 B00E T PVAC
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Fig.3 TG and DTG curves of PLA ,PLA/nano-ZnO and PLA/PVAc/

nano-ZnO composite films

R3 PLAREEGHENTGHIE
Tab.3 TG data of PLA and its composite films

Samples T,,/°C T /°C
PLA 309.2 365.4
PLA/ZnO 239.8 291.6
PLA/ZnO-2%PVAc 238.1 288.1
PLA/ZnO-4%PVAc 244.6 289.7
PLA/ZnO-6%PVAc 248.9 292.5

Notes: T, is temperature at 5% mass loss; 7, is temperature at

maximum mass loss.

FIIIAL R FHREAK ZnO 78 PLA W43 ek
2.4 N FHRESHT

4li PLA , PLA/4} K ZnO il PLA/PVAc/44 K ZnO
B T A R RE AN R 4 R, BB S 2E S
A FH£ 4, WE4PLLE B IMAYIK ZnO )5,
PLA 7 A5 B B, W7 2 (1 A 0g n £ 7.8%, i
Al BESE i T4l K ZnO 78 PLA JL 44 rp i 20 Bk 45
2 JE T 40K ZnO PR IR, 51 & I 14, DT I
AT PLA IS () o fefr e JB>2) 5 7 A 4 S5 488 o
(1) JEL R AT BE S 4K ZnO B 0RE 4/, Bifi PLA 7= A2 78
TE R RS 1) JLAR ALK, DT BB 2R (e 1 3 s A7 1
. #E—2 347 PLA/PVAC/4NK ZnO B4R )
“PERE 45 R, 24 ZnO-PVAC BY 5 350K 2%
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60 - ——PLA

——PLA/ZnO
PLA/ZnO-2%PVAc

50+ ——PLA/ZnO-4%PVAc

PLA/ZnO-6%PVAc

Stress/MPa

Strain/%
14 PLA,PLA/44K ZnO 5 PLA/PVAC/4NK ZnO A5 M)
N7 A3 - I A 22
Fig. 4 Stress-strain curves of PLA ,PLA/nano-ZnO and PLA/PVAc/

nano-ZnO composite films
®4 PLAKPLAEGHIEN A FIERERIE
Tab.4 Mechanical properties data of PLA and PLA composite films

Tensile Tensile elastic ~ Elongation at

Samples

strength/MPa ~ modulus/MPa break/%

PLA 44.6+2.36 2 790+303 3.1+0.83
PLA/ZnO 38.9+2.68 2 497+145 7.8£1.21
PLA/ZnO-2%PVAc  57.9+3.82 3258+239 3.1£0.57
PLA/ZnO-4%PVAc  47.5+1.15 2358+143 3.03+£0.44
PLA/ZnO-6%PVAc  41.4+1.72 25154222 3.05+0.45

it , PLA/ZnO-2%PVAc 1 $ii {1 5% JF 35 5] T 57.9
MPa, it 2 5 T-41 PLA M5 44.6 MPa, 7 ffi5e
JERG A WTR « (D) TEHLAK ZnO br T i 6
TAHWLEAY PVAC®, PVAC 195 ARk T 44k
ZnO KL FHIHAI R L , W88 T 912K ZnO 75 PLA
LR 43k, H PLA 5 PVAC BYAH B PR L,
KL A ot A B T/ ZnO ok i A SR B4, A
Tk T R 86 Hp s e T AR RS R i s
Ji& RN RE 25 Ak, HE I B T A2 A TR G e
JER5 (2)PVAC 175 | A AT REHGEE T 492K ZnO 5 PLA
Z [0] B T AH PR, B FL 5 PLA LR A AH B 1
FH 4540 7 BE 6% 5 A5 &40 M PLA 1433 445K ZnO
WORL_b BRI TR G R R R AR Ty 2R . SR,
BifiF ZnO-PVAc &% ft [ iE— 2034/, PLA/ZnO-PVAc
A2 A TR 7 P B S A R A R R 1
PRI BESE R R ZnO-PVAC & it id 7, K 5 7 R4,
M B A T PLA/PVAC/4H K ZnO & A I 1 2%
PERERY,
2.5 RFMEESH

AR I B R S A A i SR AR TR Tk
TR, DT 51 5 % B3 A A i AR DR 7 A
b, B RE R ECH FY R A BRI, E R
TE B AL O A 58 A2 i IR A R R U %

SOMRXTE T ST o AR, X L6 5L AR I I
FRIVFD B R AT B 23 BT 220 W 0T, v REXT
() % G PER BB . AHEEZ T, ZnO 7E i —Fh JE
B TCH ML, SEA L T S 38 SEAT B R 3Rk -
GEA e TT  FE R AN BRI TR S B
G T2 5 3 R G IR ) R R SRR R T A
B PERE , ELAT 50 m RR ANR T B R A 2 i
SO BERRSCR | DL AE 28 SN2 7 4 b R 5 3]
Tz R

K15 20 PLA S L A WA T WO (LT EA
LHMEE R BRI, 4l PLA WX ] W
LLAMGFIEE AN G E 1T 2R 55511 91% ,91% F1189%.
IMAE PLA F il A 42K ZnO J5 , PLA/ZnO & 4 IR )
SR HINF 1L BT DS 1 2430 [ 28 79% F1 85%
BRI FEAIR 32 22 BT 49K ZnO A S 80H
JIES %) 35 B 5 A FIE AR, TR B ZnO 1 by Bt A Bt 2 S0
HRE, BEAFBRZY M 3.36 eV, EL & 50 i 48 A W i
e 7, 9 H B A B & T 3% RR 98 A 08U 5 41
25, DI I A SR AN i i s b —25 bt
PLA/PVAc/44K ZnO & & R G i 1F #8 , 45 51 i
7, ARG 8 %) ZnO-PVAc J& , PLA/PVAC/44 K
Zn0 & A IR AT WG (LL AN S s i R Al
PLA 953 5 R FET 31.9%, 14.3% F1 68.5%, iX 7] fig
W T O ORI R Z 5 L T PVAC, PVAC £
B T 402K ZnO 78 PLA JEPR Fh A0k, DA 5k 25 R A1
TOER, LR M A B ) i o
., PLA/4K ZnO 1 PLA/PVAC/41 K ZnO 52 45 ik
REAS A PR SRS E 2% B i 3Rt T8
SERERANR B A, DT A 350kE O 55 Ak 5 | & A
AR, S il DR BT I
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Fig. 5 Visible light, infrared light and ultraviolet light transmittance of
PLA,PLA/nano-ZnO and PLA/PVAc/nano-ZnO composite films
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Fig. 6 Photos of fresh-keeping effects of commercially available PE
cling film,PLA,PLA/ZnO and PLA/PVAc/ZnO composite films on

strawberries
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