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Fig.1 Infrared spectra of PLLA, PLDL and PLDLX blended films
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Fig.2 MDSC curves of PLLA, PLDL and PLDLX blend films
(a): total; (b),(c):reversible and non-reversible heat flows for the PLLA blocks,respectively
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Tab.1 Thermal properties of PLLA, PLDL and PLDLX blend films

Sample T.Y/C T.9/C AH/(1- g T,9/C AH/(- g") X%
PLLA 447 169.6 453 178.7 54.8 10.2
PLDL 36.3 168.2 432 175.4 46.2 2.5
PLDLO0.2S 432 167.9 42,6 172.8 459 27
PLDLO.5S 423 167.7 418 172.5 453 2.9
PLDLI.0S 412 167.5 40.9 172.4 44.6 3.1

(a): total; (b),(c):reversible and non-reversible heat flows for the PLLA blocks,respectively
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Fig.3 Stretching curve of PLLA, PLDL and PLDLX blended films
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Tab.2 Mechanical properties of PLLA, PLDL and PLDLXS blended films

Sample Thicknes/jum Tensile strength/MPa Elongation at break/% Elastic modulus/MPa
PLLA 72.2+2.0 53.3£3.6 5.9+1.8 1895+53
PLDL 71.4+1.9 27.8+1.0 52.7+0.9 1379+78
PLDLO0.2S 73.8+1.2 23.4+1.2 33.8+1.4 1148+92
PLDLO0.5S 75.6+0.8 22.4+0.7 22.6+1.2 1061+77
PLDLI1.0S 77.6£1.5 21.1+1.3 18.8+1.7 1024+98
Tab.3 Oxygen permeability of PLLLA, PLDL and PLDLXS blended films
4 °C 23 C
Sample Thickness/jum OTR OPx10* OTR OPx10*
/(em’ m*-d™) /(em’* m-m*-h'- Pa") /(em’ m*-d™) /(em’* m- m* h'- Pa™)
PLLA 85.4+0.5 242+14 0.85 487+23 1.71
PLDL 85.6+0.8 37629 1.32 643426 2.26
PLDLO0.2S 86.6+0.6 295£16 1.05 568+20 2.02
PLDLO.5S 87.1+0.3 248+15 0.89 514+17 1.84
PLDLI1.0S 87.8+0.4 219+12 0.79 481+18 1.74
Tab.4 Water vapor permeability of PLLA, PLDL and PLDLX blended films
Sample Thickness/jum WVTR/(g- m™> d") WVPx10%/(g- m-m”- d'- Pa™)
PLLA 85.5+1.2 240.9+24.2 1.13
PLDL 85.9+1.1 182.7+18.5 0.86
PLDLO.2S 86.8+0.9 169.4+15.7 0.80
PLDLO.5S 87.4+0.7 146.7+16.3 0.70
PLDLI1.0S 88.3+1.3 112.8+13.4 0.55
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33.8%, hiffsm A S E M R T EER . B
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Fig.4 SEM images of (a)PLLA, (b)PLDL, (¢) PLDL0.5S,(d) PLDL0.5S-80 and (e) PLDL0.5S-350 and PLDL0.5S-800 blended films
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i B BIK . PLDLO.2S # [ 4 °C () OTR {H Y K 217
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K SO, &K T AARIEIE B AT, R T A L R T
755 R 4 B, 4 o R G O, 1 15 Y Rl AR AR
/N AT BELAS T O, 4 F 1325 3, 74 5 L B 12 e 12
e UMORE TR W A A L R R B A B A
BHE, A R T £ 0 B2 4+
25 KEREI ML

Xof T TR 47 3K ot 7P ARG UL 7 0 25 e B B
Mok, KSR M2 X8 % . PLLA, PLDL f
PLDLXS Jt V& # Il 76 23 “C o AH X I8 /¥ 65% [ H,O 3%
i M B8 £ 41 T Tab.4. 7€ Tab.4 1, 46 PLLA [f] H,O
% i B (WVTR) & 2409 g/(m’ - d), H,0 i& T &
(WVP)#& 1.13x10° g- m/(m*- d- Pa). {H A PLDL = i
B R Y v PDMS ik B () 51 A\, PLDL i) WVTR Hl
WvP %A%, PLDL () WVTR {8 F£ 1K % 182.7 g/(m’- d).
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Tab.5 Contact angle of PLLA, PLDL and PLDLX blended films

Sample Contact angle/(°)
Un-hot pressing «-80 «-350 «-800
PLLA 79+1.6° 113+0.8° 105+0.9¢ 97+0.7¢
PLDL 110£1.1¢ 138+1.1¢ 129+1.1¢ 121+1.3¢
PLDLO0.2S 118+1.6° 142+1.1¢ 134+1.6° 127+1.6°
PLDLO0.5S 122£1.1° 153+0.7° 142+1.1° 134+1.1°
PLDLI.0S 119+0.8" 148+0.8" 139+1.3° 130+1.1°

note: different superscript letters mean significant difference in vertical



Tab.6 Surface tension of PLLA, PLDL and PLDLX blended films

Sample Surface tension/(mN- m™)
— w-80 ©-350 -800
PLLA 36.1+0.9° 15.4+0.4° 20.2+0.5 24.8+0.4°
PLDL 16.8+£0.6° 3.9£0.3° 7.4+0.5° 10.9+0.6°
PLDLO0.2S 12.6+0.8° 2.8+0.3° 5.2+0.5° 8.1+0.7°
PLDLO.5S 10.3+0.5¢ 0.7+0.1° 2.6+0.2° 5.1£0.4°
PLDL1.0S 11.7+0.6° 1.3£0.1¢ 3.3£0.3¢ 6.5+0.4°

note: different superscript letters mean significant difference in vertical
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Fig.5 Residual amount of yogurt with different viscosity of (a) 500 mPa- s, (b)400 mPa- s and (c) 300 mPa- s on the
surface of PLDLO0.5S 1 -80 film after template hot pressing
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Fig.6 Residual amount of yogurt template at 300 mPa - s on the surface of hot pressing (a) PLDLO0.5S u -80, (b)

PLDLO.5S 1 -350 and PLDLO.5S . -800 films
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Tab. 7 Residual amount of different viscosity yogurt on the
surface of PLDL0.5S film with different hot pressing

Viscosity/ (mPa- s) PLDLO0.5S  PLDLO.5S PLDLO.5S
n-80 ©-350 w-800
500 203 20.9 28.9
400 179 183 228
300 9.4 1.1 182
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Construction of Super-Hydrophobic Poly (lactic acid) and
Its Adhesion Effect of Yogurt

Xueyan Yun, Ruru Zhang, Yangyang Wang, Huiru Zhang, Tungalag Dong
(College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

ABSTRACT: Sticky food is prone to residue on the surface of packaging material, affecting the consumer experience
while not conducive to the recycling of materials. This research aimed at preparing super- hydrophobic poly(lactic
acid) (PLLA) by the combination of copolylization, blending and hot pressing. The PLLA-PDMS-PLLA (PLDLXx)
triblock copolymer was synthesized by ring-opening polymerization of lactide (LA) with hydroxy-terminated poly-
dimethylsiloxane (PDMS) as initiator. The copolymer was further blended with different contents of nano
hydrophobic silica (SiO,) to improve its hydrophobicity.Finally, didderent surface structures were constructed by hot
pressing. The structure, composition, molecular weight, mechanical properties, gas barrier property and contact angle
of the composite films were characterized. Results show that the composite films keep better flexibility and the
maximum elongation at break is increased about 10 times; the water vapor and O, permeability are decreased slightly.
Moreover, the contact angle of the PLDLO0.5Su -80 blending film reaches 153°, suggesting a super-hydrophobicity.
The residual rate of yogurt with 300 mPa- s viscosity decreases to only 9.4%.

Keywords: poly(lactic acid); poly-dimethylsiloxane; contact angle; super-hydrophobicity; residual rate of yogurt



