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ABSTRACT: The work aims to improve antibacterial properties of polylactic acid (PLA) film. Inspired by the fact that conduc-
tive polymer materials could exert antibacterial effect through electrostatic interaction, Fe** was applied to induce the chemical
oxidation polymerization of pyrrole (Py) on the surface of PLA film to form antibacterial coating (PPy), so as to prepare
PLA-PPy multilayer composite antibacterial film. Moreover, double antibacterial coating (PPy/Ag) was formed on the surface of
PLA film by using the equivalent amount of Ag" instead of Fe** to induce the polymerization of Py, and PLA-PPy/Ag multilayer
composite antibacterial film was also successfully prepared. The effects of different oxidants and Py concentrations on the
structure and properties of multilayer composite films were further investigated. When PLA film surface area, aqueous solution
volume, FeCl;-6H,0 concentration, and Py concentration were 72 cm?, 40 mL, 0.047 mol/L and 0.223 mol/L respectively, PPy
layer of PLA-PPy multilayer composite antibacterial film was compact, but tensile strength (40.1 MPa) and elongation at break
(24.9%) of PLA-PPy multilayer composite film were only reduced by 7.6% and 12.6% respectively and thermal stability of
PLA-PPy multilayer composite film was significantly improved. Moreover, PLA-PPy/Ag and PLA-PPy multilayer composite
film showed similar mechanical properties and thermal stability. More importantly, compared with PLA-PPy multilayer com-
posite film, PLA-PPy/Ag multilayer composite film showed better antibacterial properties, and the total number of Escherichia
coli colonies decreased to 2.9x10° CFU/cm?, which was more than 4 orders of magnitude lower than that of the pure PLA film

(4.8x10'° CFU/em®). Compared with the nano silver antibacterial method with high cost, double antibacterial coating (PPy/Ag)

with lower cost will have certain research significance in the field of PLA active packaging.
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Tab.1 Composition formulation of PLA-PPy
multilayer composite films

Sample FeCl3-6H,0/g  AgNOs/g Py/mL
PLA 0 0
PP1 0.1014 0.125
PP2 0.2027 0.250
PP3 0.3041 0.375
PP4 0.4055 0.500
PP5 0.5068 0.625
PP6 0.6082 0.750
PP7 0.7096 0.875
PPS§ 0.8109 1.000
PP9 0.9123 1.125
PP10 1.0136 1.250

PP-Ag 0.3185 0.625
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Fig.1 Macromorphology for PLA-PPy multilayer
composite films



Fagl

TheAF . BFLMR-TRML/H 2 J2 5 A PO R 1 il o 5 1 R AR <157 -

KA, i — 20X 2 25 A W0 R s TR
FAFE, WA 2 iR . PP4 (W3R I AAAE LI , PPS il PP6
() 3 TH 2 W AR B N BUE A5k WY, B A
FeCl;-6H,0 F Py M A ARG, PPy fAYJEESEHY
i, 3 H PPy 55 PLA MEA LS4 %% . PLA-PPy

a P3 FZR T

za 4 HE ;”J!
vy

d PP3RIWTTE

b PP4f{ZETE

.
: S
[ Ry -
m’”

. |

e PP4E<JEEE

L2 BRI R T E /0 A5 EDS M4 R 3 Bk
M 3 HRTIESR], C. O Fl N =Fioc 7 E R
IYAEYIAT, BRT PLA B C 1O L&A, L 717
TEF PPy Y N GEK, Xik—#0i%E T PPy 7 PLA
TS 1T R ) 5 A

L2

5l 2 PLA-PPy ZJZE A A T I 51
Fig.2 Micromorphology for PLA-PPy multilayer composite films: (a), (b) and (c) represent the surface of PP3,
PP4 and PPS5, respectively; (d), (e) and (f) represent the fracture surface of PP3, PP4 and PP5, respectively
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Fig.3 EDS elemental analysis of PLA-PPy multilayer composite films: a) EDS mapping scans;
b) EDS mapping scans of nitrogen; c) EDS surface energy spectrum
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Fig.4 Chemical structure analysis of PLA-PPy multilayer composite films: a) FT-IR spectra; b) XRD patterns
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Fig.5 Mechanical properties of PLA-PPy
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Fig.6 TG curves of multilayer composite films and pure PLA
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Fig.7 Surface analysis of PLA-PPy/Ag multilayer composite film: a) SEM image of surface; b) EDS surface energy spectrum
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Fig.8 Anti-bacterial results for E. coil on the different films
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