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Preparation and Properties of Nano-Titanium Dioxide/Polylactic Acid Antibacterial Film
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ABSTRACT: This work aims to prepare a new biodegradable antibacterial packaging material by polylactic acid (PLA)
added with nano-titanium dioxide (Nano-TiO,). Antibacterial agent Nano-TiO, was added into PLA to prepare Na-
no-TiO,/PLA antibacterial film by solution casting method. Antibacterial rate, mechanical property and moisture permea-
bility of the antibacterial film were tested. The modification results were evaluated by scanning electron microscopy,
Fourier transform infrared spectroscopy and X-ray diffraction. When the mass fraction of Nano-TiO, was 4%, the anti-
bacterial rate of the antibacterial film against staphylococcus aureus was 90.27%; its tensile strength was 23.2 MPa;
its breaking elongation was 2.2%; and its water vapor permeability coefficient was 2.3x10"* g-cm/(m”s-Pa). Na-
no-TiO,/PLA antibacterial film has excellent antibacterial effect, and can be used for food, medicine and other packaging.
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1.1 #RFNER

FEAR BFLR(PLA), HIXT5F A 68 000,
FE NatureWorks; 49Kk A LEL, FhilmmlEfe T
AR, AW B, oK, K wmRAeZR
M EEOEEERE . KGR, KERHE L
YWTRRE; FRE . BUE . Ak, Jtr R
Y ARF A A

FEALLS: BT RF, AUY220 5, HARRH;
S ASNE BN, AEVL; HiE T B,
JSM-6700F #I, HARHF/AF; &A% #5554,
MHP-100 B!, SIniZARE/REHARAF; HAR
L TAER, SW-CJ-1D B, M B ik A
BRAH] AKZRAE SR, W3/031 &I, ¥
HHLEBEARGRAE; BRI E L, WDW-30
A TR R A BRAS A 5 A7 AR 20 4G, Nicolet
iS5 Y, FEER R /R BH s X T ZAT 41, Rigaku D/max
2500 PC A, HAR2E/NF,

1.2 WERHF

4 Nano-TiO, Fl PLA JAMUFE I T4, H285
¥ Nano-TiO, ¥y A 44 B — % He il (5 40 8050 0
1%, 2%, 3%, 4%F 5% ) Bms —&H ki, HE
S F1R 7o P BB R AR T . SO SE e TE
JeV BB AR A 4 [ s S REAIL LLE R R
AT . 48 e BB B TR LLBR % CHLCL,,
I A5 3 S U0 0 52 G S R T R ) 9 R R
i Nano-TiO, LR L], HiA, Nano-TiO, Jfi
43 8(=Nano-TiO, i1/ ( Nano-TiO, i fE+PLA Fitg ).

1.3 EAaMHHEENE

1) M e, RIE QB/T 2591—2003, 4T
R BT 2 (5042)mmx (50+2)mm  IARAER . B Z
A R SR, ST R (4042)mmx (40+2)mm,
B WA EUE R 200 pL THOREEE L, K 5
TR K B PUAEME L, 78 37 C T T4
PSR 24 h B 55 9% 24 hs A9BSR 20 mL
BB R ME R . RARAE )G, W
100 pL 4270 T 5 R Bl 25, 75 37 C M 5% 24 h,
48 GB/T 4789.2 M5 G AL, A &5 R4
Nano-TiO, fie {0 it & 358

2) P rEREI e o XL THURE , URE RS
15 mmx150 mm, %88 GB/T 1040—2006 X 55 £
AT R AR PEREIIA, g TR Y 50 mm/min,
FREE A 50 mm , FEFPEE IR 10 (25 L H£5% ).

3) KFEARE LRI, XTI T BORE , B
FEF R H A R 3318 em® (9| K, W IE GB/T
1037—1988 M2 AL /K 28 a1 2 o P AH X

TR 90%, JRFE R 38 °C. BEFREEFINEL 5 K (MR
ZILH+5% )

4) FREEBEHT o KB IURE I et AT e 4 Ak
M, AT RS Al PLA I8 S e v 5 i)
ABIAIES (R 10kV)

5) LLAMETE T BRI & S5k
[H), PR ARIEE N 500~4000 cm™, 15 F]HE LT A1
TG B E A R SR R R A s, R
T, BB RLLINEEE .

6) I M X FHERMTSINE . 45IE AR Rigaku
D/max 2500 PC &I X SFEAF MY ( H AT . ) A,
AR A Ni 3E Cu ko $1£8, Jins e =k 40 kV,
FL SR 200 mA, PN 0.154 nm, 4 JE 20
R 5°~50°, FHH AR 5(°)/min,
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Nano-TiO, Jit it 43 B0kt 4 B8 €075 45 BR 18 AR B FF
FAMBERA R WA 1. ATRLAEW, 40K TiOy/PLA
B A VT 4 B e ) 2 Bk A RN K AT TR X A o K
He, H YU PR 0 TR /E Bt % Nano-TiO, & (38 Jin
MW 58, Nano-TiO, X 4 B (5 3 24 BK B 1) 410 TR A%
RE T RGBT . X UL Nano-Tio, (&£, A
AN TRTE R 0 4 B B T AR L IR e T A
AR MERE. FHIE 1 ATEN, 4 Nano-TiO, B i & 434X
h A%, B T 4 T € R 2 K R 0 B B R R
90.27%, iXF T QB/T 2591—2003 1% 1T HAKF-; 4
Nano-TiO, i 5 & 350K 5%}, Tt IR X K T e
HII I # K 88.57%. Nano-TiO, B Fi & HK T 4%
AF, TR L 4 ) SR e T 2%
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Fig.1 Effect of Nano-TiO, content of the antibacterial film
against staphylococcus aureus rate and escherichia coli rate
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7S Nano-TiO, B Bt 77400 0, 1%, 2%, 3%,
4%FN 5%, AT IR T 2 SRR 4300 (74.042.1),
(78.9+£2.8), (85.18+2.3), (90.32+1.8), (92.93+1.4)F
(95.63+1.6)um, Nano-TiO, 7 X%t & &L 24 KR
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Fig.2 Effect of Nano-TiO, content on tensile property of Na-
no-TiO,/PLA composite packaging materials

2.3 BEIRI4EE

Nano-TiO, & i % Nano-TiO,/PLA & & tu3E 41k
IKZE BB RE RS2 WLIE 3. AT LA, DU
MK ZE B T R B Nano-TiO, & & 35 i Je i 1k
TR ETE. 24 Nano-TiO, FY i/ 80H 1%}, Bt
BRI K ZE R B R BRI, A 1.4x107P g
em/(m?-s-Pa), I B B 94 )5 B A (78.942..8 ) um
4 Nano-TiO, Wl MR T 1%, Kz ELFR
ok ok . X UL B K B Nano-TiO, M Jin, 4 ffi
Nano-TiO, ¥iF#E A PLA 45 G X, IR 09 20 454
PR, k2R BT R BN, 24 Nano-TiO, HY
F i R A%, TR AR Y JE B 2 (92.93+1.4)um,
KBS B Z BN 2.3%x107"7 g-cm/(m*s-Pa)
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Fig.3 Effect of Nano-TiO, content on the water vapor per-

meability coefficient of Nano-TiO,/PLA composite packaging
materials
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4li PLA ¥ . Nano-TiO, 3 K fil Nano-TiO, Jii i 43
M A% R AP ( Nano-TiO,(4%)/PLA fii )

LT AN WL 4.1749 e AEFEAE B W IR 26 I PLA
SRR IE C=0, AR IE N C=0 ¥
TGRS 5 1450 om™" Ak A5 W IS0 S —CH; A9 45
PRBhIE; 1181 A1 1078 cm ™ By WS Sy Fils 3 —C—O—
C— 4 Pk shi 1% Nano-TiO, J& T &Ly, *
T A W BfE K, SO 7E 1636 13425 ecm ™' 4b 4351 —OH
)5 i 4R Bl s R (e 45 B il . PLA 5 Nano-TiO,
R, PIEBR I 548 PLA BEAHL, Je8ozik
AR, PiEBAMEEE PLA BEREU I $i & i
B HBHT A W s, E AT B Y R B AT R
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Fig.4 FTIR of different materials
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4li PLA XAl Nano-TiO,(4%)/PLA JEff) XRD i I,
5. 4l PLA 78 20=16.6°Ff IT H BLVREL AT 504, in
A TiO, J&, bR Z AT 4160 & 540 PLA BEAH TG
W0 IR, A7 S A e g 1, DT ARE K, AR
AR SE 5 A BT HR 5 . Nano-TiO,(4%)/PLA 1%
KEITE 20 Jy 25.3°, 37.8°, 48.1°4bA iz, %
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Fig.5 XRD spectra of different materials
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Fig.6 Plane SEM photos of different materials

4li PLA JEFN Nano-TiO,(4%)/PLA & &t 25 48l
F TR FE L B UL 7. ATLAE 4 PLA BRAY W
M EAREE, B MRS ; Nano-TiO,(4%)/PLA
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Fig.7 Section SEM photos of different materials
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1) Nano-TiO,/PLA T & 1 Ak X 4 2% (035 245 BRI
RN X6 P 7EH , 24 Nano-TiO, i 5 1 7 5k
R A%ET, P R 4 v €0 2 BK TR B A R R R
90.27%, %% T QB/T 2591—2003 1Y Il /K-

2) Bfi# Nano-TiO, &+ AU, Nano-TiO,/PLA
02 G AL R L o B R A SR BRI . X
J&H A Nano-TiO, i 3R T R FLIR r F B 451, =
EXENESREY DAL e

3) BfiE Nano-TiO, FHMIGIN, KZEREL R

BT FERE T 24 Nano-TiO, Ay B 70 50 H 1%
if, AKFESGET BB/, M 1.4x107° g-cm/(m?-s-Pa).
4 Nano-TiO, FY T g 732 50Ch 4%HT, BT AR 7K 78
K ZECN 2.3x107"° g-em/(m?s-Pa).,

4) NLsMEIEEI T LIE H, PLA 5 Nano-TiO,
R, PIEBR I 548 PLA BEAHL, Jegzik
AR, FUBE AR R 5 PLA RE Wi | 3567 PLA
5 Nano-TiO, [N BLE S -

5) 4fi PLA 1 20=16.6°F T i BLOR B A0 17 5 0
XJE PLA [U4FFIE, Holi PLA BEAYZS SPER 22, T
A TiO, I AT S 16 B 7 B ANEICR:, A TiO,
XF PLA [ i B S5 A8 S AU AT 52

6 ) T 4 F 4 I T L ), Nano-TiO, il A
RAME, HOEXTIS), HRERA RS ; MW
T BRI A 1, 4l PLA W & — 2 AR 54
S MEPEWT L, Nano-TiO(4%)/PLA $i & T T 350k
R, SRS H AT — 5 LB .
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