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Influence of ADR on Properties of PLA /Nano-ZnO /CCA Antibacterial Nanocomposites
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Absract : The epoxy chain extender ADR was added into ploylactic acid (PLA)/nano-ZnO / chlorophyll copper acid (CCA)

nanocomposites, and the effects of ADR contents on the antibacterial effects and machanical properties were researched. The results

indicate that at the ADR content of 0%~ 1.0%, the antibacterial effects of the nanocomposites against bacterium coli gradually

decrease slightly with the increasing of ADR content, and the notched impact strength increases significantly, the tensile strength and

bending strength increase slightly, and the elongation at break first increases and then decreases, but they are still strong antibacterial

materials when the ADR content is below 1.0%. The comprehensive properties of the composite are best while the content of ADR

is 1.0%, the antibacterial rate against E coli of the nanocomposite is 99.4%, the tensile strength, the rupture elongation, the notched

impact strength and the bending strength are improved by 4.6%,1160%,71.4%,4.8% respectively.

Keywords : ploylactic acid ; epoxy chain extender ; antibacterial property ; mechanical property

Bl & A BR F SR BRI Y H 25 5 = RS [A) 17
H z5 in s, AR A] A= MR A A1 LR LR (PLA) Y
TR OB, I, Mt PLA 9K G KL
il SR O 2 Ch HETFIF K Gl i #4 i a)
iz — U

B BT ST R oA 79T BE ] TDI XS PLA /
nano-ZnO / M 4% Z 4 iR (CCA) & & #1521
5P, TDI BEfE I 10 258 PLA BRI L )
SPEREAIN T HERE B PR N 5 i S R IR B 1
KGR TOCIHEZE , A 5 & B, BRI R
ZARGER, ) oS Sy o A AR B BR
AR R G L R, TDI XK s-fgusk, it —
SEFU Y BEACR S AT ¥, b i i
IEAA 8 A Ao LA T 2 T A LR S e (5 11T 5
4b, TDI B SR LE Y REE MU —E 152

M PRI, 48— 2e 4 07 HLRERGE B A ARk
REAYD B0 ELAT T AR S N

WAERAY #AHm TRAL2THE. LA
TR SN PR RO ISR L A IR AR 2
B RS AR 2 B B TR ) B4 B 36 2R, AT LA
R R R I RSR 2 RR DR e s
RE W5y T8 M SRS s HAa g 10y [ HE
AT DA R TSR i R B

EH R Z EREHIA A G ADR 4368F ¥4
#I,%F PLA /nano-ZnO / CCA 94K 55 & # B E4T 2l
P8 T HAT R PERE R 1 2= BB TR Y . A5 SR AR,

* ] A BHE T H (142102210606 )
RN BB AL, B, B T RIS
ek H 3912 2016-07-26


杨超


B4 S 9457 ADR XF PLA /Nano-ZnO / CCA ZKE A Hi b ALY 5 127

MR BT R PR LT A 3Z 52 i, H ) 24 AR AR
PR, N E I HTT L5 G 2 RE R AF Bt
HTEREIL 5 1Y PLA 4K SHUm MR 288 1 3is
KL
1 SKIGERSY
1.1 E&RAMH

nano-ZnO : (30 + 10) nm, Fif fir T3 H] ( i)
A BRAF]

-2 ZEAR AN ER - SR AL T A BR A 7 5

CCA : [l

PLA :4032D, VT8 R I35 52 5 AT R A Wl 5

S HERTR : el KRN Bk Ak A FR
NGIF

ADR : 4368F B, J" /R IR A WL A BRA F 5

RO K 55 B FUA% A 35 mm x 35 mm,
M Bf TAHBR A H
1.2 FZ%&E5ME

F BATE VR S X T 454 : DHG-9146A HY, 1S
TRV PR T

IR A HL: SHR-8 KU, Y175 7 58 # Fi ik HLAK
ik

WUHZ AT H AL . TE-32 584, 72 I Ak TALAR F 5
s

SERRBRALAL : 700 x 700 x 2 8, 11y 4 55 JLIMAZ I
HUBAT BR A 5

AL FROTZ B, T i K HLA BR A w5

HL T T REIR G AL : CMT-5103 &, )10 = A
PR F

AL : XTR-26 KL, Jl b & 7R AL 5

ST AL TAES : HG-9313K B, VT 9540 %%
BREARPHEABR ]

KT AR 7 % - HZ-9312K B, 43 37 T i 1%
il A PR A

R IR FRAE . ZHWY-102D B, b3 3 iYL
il A PR A
1.3 XAHR&

(1) PUEE TR 25 o

DL PLA J 3% AR B i, H KH-550 2 14 3 1)
nano-ZnO F1 CCA i i Wk il eyt Bk, Horr
nano-ZnO F1 CCA i [t & 3 : 1, nano-ZnO Jii &
IR 10%

(2) PLA /nano-ZnO /CCA / ADR & & ¥ I £
B2

¥ PLA, Hi 1 BEBF, ADR 438 24 it 7, 45 i
REVIENRA 5 6 SRR B LA mh IR, 5
WL 7L 4t T 15 2] PLA / nano-ZnO / CCA / ADR
YORE GPUEME . DOIEHE R R AR
160,170,170,175,170,175,175 °C; = W2 AF 45 3l
85 r/min. Hfil& T PR BRI R 734CH 10%, ADR
% 5 500 9 M 0%,0.5%,0.8%, 1%, 1.5% 1) 5 4
fid 75 i PLA /nano-ZnO /CCA / ADR 44 K & & #i
ERRL, 2 BC e T, T, L, IV, VSRS HAh, 8
Hil45 T AEPUEREEL . ADR 30500 1% 1Y PLA
/nano-ZnO / CCA / ADR H:R X} HEAE

(3) PR A5 o

FHAP- AR BRA AL ) 3 0 TR B, 7E 165~ 175°C.,
TUAES ] R 3 ~ 4 min, JE J1 8 2 ~3 MPa, £ /£ if
B8] A 5 ~6 min AT T 25 &, B B 1
B A 0.3 mm 5B )RR, R R AR R U AR
45 mm x45 mm BREE,

1.4 HEREMmGX

P R PR RE DU s 6 SR FH N B2 M 7 P 2 , s
— B W KA RS T2 A M BHEE R OGRS
F% 24 h B BRI B RS ROk AR R R 3R 3 TR
Y EIRE R 24 h, WELRE SR R i 41 T A KR
TR G ARBTR R

FrPEREHE GB /T 1040.2-2006 Wiz

i 5REFE GB/ T 9341-2006 iz,

B whil R GB /T 1043.1-2008 il
2 ER5ITE
2.1 ADR 4 &3t L AR HAMAILA L T8

Kl 1 4 A [F] ADR % & 1) PLA / nano-ZnO /
CCA/ADR E &P M EHPTERCE . hE 1 a]
F i, 4li PLA 1 PLA / ADR & & #1817
BT R KIAAT B -5 2l AH LA B S i 22 531), Ui
WP AP 5 R R AT B e #i/E . PLA/
nano-ZnO / CCA HJHETEEENIR /L, 1A PLA / nano-
ZnO / CCA XF K FT i A B S 0 il 76, DR R A
THHE AR nano-ZnO HGHALIE I AFE 7,

A 1R AT LA H B ADR P8 4 (4 38
WA MR R R E R TR AR S 2
BARPPUEAEHZ 2306 . X AT REJE T ADR
T AL S R I 0 R N TE R TR L. R,
MY BER] BRI /D I, ADR YRR LS e
PLA (R ¥2 38 I, 1 AN 23 5% 1 nano-ZnO YA fk
SUN L AR k2N E N B e Y PSR (RE LR TR


杨超


128 TAESR

2016 4F, 55 44 4 55 10 )

a—4li{; b—PLA ; c—PLA/ADR ; d— [ 54
e— IS HEs s =S HE; g— IV SRS h— VSRR
1 R[] ADR % £/ PLA /nano-ZnO / CCA / ADR
A PURMEHYBURRCR

% ADR W32, ADR MU PLA W R A
N, IR 25 PLA A 2 JE T nano-ZnO 2 [ %)
FRHE N, 3X 523 52 ) nano-ZnO YEAEAL i FE H g
PR R A B, DT RZ T B VR K 4

2% 1 A A [l ADR % & 1% PLA /nano-ZnO /
CCA /ADR B & HUw MR PLRE SR, g 17]
A A48 0.5%,0.8%, 1% ADR 455 £y

BAEMBB BT R 99% LA L, J& T om0
BE A 1.5% ADR §"85 2 )5 , & A A RHPTE R
4 98.8%, J& THLE M AL P, FHHIE PLA / nano-
ZnO/CCA / ADR &M EHYSRPTA PERE, ADR Y
Jo 3 BN AN BERE AL 1%

#£1 7A[E ADR &£/ PLA/nano-ZnO/CCA/ADR

SEMEMRMERR
R SRR TERL /(% 10%fu - J5 ) PR / %
2T 2.872 /
PLA 2.106 26.7
PLA /ADR 1.988 30.8
1 0.004 99.9
1 0.007 99.8
i 0.014 99.5
v 0.016 99.4
v 0.035 98.8

2.2 ADR & X AAHEAMB N F ARG
262 /2 PLA;PLA / ADR FIAJi] ADR 5 &1
PLA /nano-ZnO7/ CCA //ADR E&HiH MBI 112

‘r ﬁg o
* 2 7[E ADR &2 PLA/nano-ZnO/CCA/ADR
SENEM R N2
Fem EpAL R sroepdiee AhnRE /
E/MPa  KFE/% /(K -m?) MPa
PLA 69.3 12.9 47 80.0
PLA/ADR  67.9 212.0 7.8 78.7
I 60.9 5.4 49 72.8
1 62.9 1515 6.3 76.2
m 63.8 121.9 7.8 75.3
v 63.7 67.8 8.4 76.3
\Y% 63.0 4.6 8.1 76.5

i 2 2 A] & H, 4l PLA B9 738 BE ly 69.3
MPa, Wi 2K AN 12.9%, whili i FE - 4.7 kI /
m’. 7F PLA 54 %%51 ADR () PLA / ADR L3R %
Hi, 24 ADR iU B0N 1% BF, AT PLA #H L, 2 &
(2 S MEE VA Y A 1 Y- S = € WA N (S RU S L5 S
FBT S Z2 4050 7.8 KT/ m® Tl 212%, 43 B4 v
T 166% F1 16.4 £, XV HEJ& H T PLA AX B AE
RIPUR o a2 TN I 5 S e o 1 (i ) |
A ADR ZJ& , FEXE Rl % th i ik # v, ADR H AR
SAILRE S PLA [ R L ) N, PLA 4345 % £z
16 ADR |, AMUIKZE T PLA FE/R B0 T I, R
WA T Ui AR MR BE (I A SRR 95
PLA SEARM AR S ™ 5 [FES, ADR B9 554E
RS AR RHIE R BRI T8, o0 T bt o, o T4
TR, SRR LE S 2 . Y2 RSl ET, o)
TFBEXE AT MO, — i 2 el AR 431 AR R i


杨超


BETIAE 45 §4ETR] ADR %t PLA /Nano-ZnO / CCA 9KE A HUE M kTR IR

129

i hE, Ktk PLA / ADR SR (% vt 5 B2 7 1
A2 1 G, IR B it ae .

£ PLA 541 # BRHLE §il 45 PLA / nano-ZnO
/CCA BAPUHMEC T ZFEM) J5, P mtEag s
SRIENN, PUE HRIK 99.9% , 15 F7 24 PEREIA i FAIK, i
FEZIEHTF ZnO, CCA LIS T 45580 . ZnO
PG LA FH A o™ A 3 PR 40 A B BE( ROS ) MY
AR R K FE T, () Aot A0 2 %o i 43 B3 o i
o i CCA A FRIEE REH], 23 e e 5 14 7K A,
AR FEFEAC SR BT K AAEm
TAAFRE S T8 PLA 38 G MR . Pk
PLA 5¥HiH AT ADR R Hil B PLA /nano-ZnO
/CCA/ADR Z G MR I IV, VSRS B,
5 1SR, 22 ERE I W, B REE D 5
7 ADR H G 2, 525 PR R faR B 25 i
JFE R AS R, i 1 o o B B S B, R SR
FEMARIF /N XA FIEY #E5) ADR R 55 %
YRy AR S A AR LA, R e Sk 2508
R A B S AR SE R , DT S BOCR i i AR AR R
U0, {H4 ADR A3t & J5, i 5 9 ADR'Y PLA
5 B S 07 A I SR IR R 3 R B Ao R B
ST, B T P e I TR , A T T 8 S 20 T

H 2 2 Al LA H, 24 ADR JEEZE0CN 1.0%
i}, PLA /nano-ZnO / CCA /ADR & & M B i &
J12EPEREAR X 5y, FLR AR W AR 3R ke
il o 2 AL i 35 5 PLA / nano-ZnO / CCA
R E T 4.6%,11.6 1%5,71.4% F1 4.8%.
3 it

(1) ¥ %% 5% ADR A9 %5 Jin fff PLA / nano-ZnO /
CCA / ADR E &M BHOTTEE FHZ E10HH] , 24 ADR
i 3 EUD T 1.0% B, 52 G R BT SRR R T
99% LA L, Ty b L

(2) FEY 4% 7] ADR ¥ iliE )14 £, PLA /nano-
ZnO/CCA / ADR & & M BB Sz Ao B | 25 il o 2
ZEE 2 S E [ W RS w53 ) 13y N 0 1
JeHIRIF /e 24 ADR iU HCN 1.0% B, B &
AR R AR W 3R e 1 e 5 B A iy
i [ 5 PLA /Nano-ZnO / CCA & &/ BHH L, 435
BT 4.6%,11.6 1% .71.4% F1 4.8%.

B # X ik

[1] Solarski S, Ferreira M, Devaux E. Characterization of the thermal

properties of PLA fibers by modulated differential scanning
calorimetry[J]. Polymer,2005,46(25):11 187-11 192.

[2]

(3]

[4]

[3]

[6]

(7]

(8]

[9]

[10]

[11]

A [l A, BLIOM) . R] A W A SR LR (Y HERIT YL [0, MR T
Az, 2013,41(9):16-20.
Fan Guodong, Li Yongli. Research progress on chain extension of
biodegradable polylactic acid[J]. China Plastics Industry,2013,
41(9):16-20.
Najafi N, Heuzey M C, Carreau P J. Polylactide(PLA)-clay
nanocomposites prepared by melt-compounding in the presence of
a chain extender[J]. Composites Science and Technology,2012,
72(5):608-615.
Wk, g6 R R FL IR (M. JE 3T - A2 Tl Hh R A, 2007 -
97-104.
Yang Bin. Green plastic polylactic acid[M]. Beijing:Chemical
Industry Press, 2007 : 97-104.
RN, IR, R, 4R L IR B R IEFLIR PR Y (L
R[], AR Tl K2F2#4, 2011, 34(7):1076-1 079.
Xie Huihui, Zhou Zhengfa, Xu Weibing, et al. Catalytic reaction
of carboxyl.terminated latic acid prepolymer with epoxyresin[J].
Journal of HefeiUniversity of Technology,2011,34(7):1076—-1079.
AR B, 45 BURBEEHP Nano-ZnO / CCA it FE X
PLA/AMB/TBC 4K S RHEREARZN [J]. TREEDRL T,
2014,42(9):30-33:
Fan'Weihua, Zhao Yue, Zhang Aijing, et al. Influence of nano-ZnO
/ CCA ratios in antibacterial masterbatch on the properties of PLA
/ AMB / TBC nanocomposites[J]. Engineering Plastics Appliction,
2014,42(9):30 -33.
BEAE GRIESE A 45 P HER TDI X PLA / AMB 49K &
BURBEMERESZ I (1] TARERLRHT, 2016, 44(1):30-33.
Fan Weihua, Zhang Zhenzhen, Zhao Yue, et al. Influence of TDI
on properties of PLA / AMB / TDI antibacterial nanocomposites[J].
Engineering Plastics Appliction,2016,44(1):30-33.
Qiao Honggiao, Gao Weiji, Xu Changshan.The interactions of
chlorophyll a with ZnO nanoparticles synthesized by sol-gel method
[1]. Journal of Luminescence, 2008,29 (3):591-595.
ARIETEE, SRS, A DALY, 25 . PIARHT ALY 5 ) 0 SR FLRR M BE S 14
WFZE [0, 08Tk, 2013,41(11):108-110.
Zhu Yantan, Zhang Peng, Zhu Congshan, et al.Study on the effect
of two new chain extenders on the performance of PLA[J]. China
Plastics Industry,2013,41 (11):108-110.
Dong Weifu, Zou Benshu, Yan Yangyang, et al. Effect of chain-
extenders on the properties and hydrolytic degragation behavior
of the poly(lactide) / poly(butylenes adipate —co—tereph thalate)
blends [J]. Int J Mol Sci,2013, 14 :20 18920 203.
ST I, TR, A R R R s A e 6
S HAEREZRAE [7]. TAEHDENY T, 2014, 42(7):30-33.
Zong Shengnan, Hu Guosheng, Zheang Jingting, et al. Preparation
and characterization of high viscosity PA6 via melting epoxy chain

extender[J]. Engineering Plastics Appliction,2014,42(7):30-33.


杨超




