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Preparation and Properties of ATBC/PLA-TP Composite Sheets
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ABSTRACT: The work aims to prepare toughened polylactic acid (PLA)-based sheets with oxidation resistance. The
composite sheets were prepared with blended acetyl tributyl citrate (ATBC), polylactic acid and tea polyphenols (TP). The
thermal properties and mechanical properties of the sheets were investigated by differential scanning calorimetry (DSC),
the tensile strength and elongation at break were tested, the chemical interaction within the material was determined by
Fourier infrared spectroscopy (FTIR), the hydrophilicity and moisture barrier were tested by water contact angle and
moisture permeability, and the resistance to oxidation was tested by DPPH method. The elongation at break increased by
108.7%, while the tensile strength of the specimens changed irregularly. The infrared test showed a shift of C=0 to lower
wave numbers, and the addition of ATBC and TP effectively promoted PLA crystallization. Water contact angle tests
showed that the surface of PLA before and after modification was hydrophobic, while the addition of TP resulted in a sig-
nificantly more hydrophilic surface and a poorer water vapor barrier for specimens containing TP. The results of the oxi-
dation resistance test showed that the oxidation resistance of the sheets with a mass fraction of 1% of TP was significantly
increased, with an oxidation resistance equivalent to L-ascorbic acid (Vc) at a mass concentration of approximately 300
mg/L. Therefore, the ATBC/PLA-TP composite sheet has good properties and potential for development.
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i —fHREAER A R A F . TR, MR-
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1.3 HFmbl&

¥ PLA A SR EEAE (& 70°C) T/ 3 h
T, T SUEFTBY LA BBt IR 165, 170,
175, 175, 180, 175, 175, 170, 165 °C, & 1R
J 165 °C, WA H K 70 r/min, # ATBC %I PLA
frefebk, JRARHEEE 1 Ay AR R

K 28 B BERLCA X T AR i B 70 °CTH
3 h &, B S I HLRAT B RN 165,
175,180 °C A5 IR FE M 165 °C , #4154 3% A 30 r/min,
AR RS 0.3 mme PSS PLA N R, A T 5 fE,
DL ATBC Ml TP & ikfin44, 40 P/C5/T0.5 &/~ PLA
1 ATBC BN 5%, TP s8N 0.5%, il
FIAFELER 1,

&1 PLA/ATBC/TP E& K #EH
Tab.1 Formula of ATBC/PLA/TP composite sheets

W PLA Jfiff ATBC i TP Jfi#
e T T

1 PLA 100 0 0

2 P/C5/T0O 95 5 0

3 P/C5/T0.5 94.5 5 0.5

4 P/C5/T1 94 5 1

5 P/C15T0 85 15 0

6  P/C15/T0.5 84.5 15 0.5

7 P/C15/T1 84 15 1

1.4 MEBERIE
1.41 4£I5ph3kiE

FTIR X EESINE, HIHER A 4 em™, FAH
UHCH 32, FARTEE N 4000~500 cm ™',

1.4.2 ZERPEEHSHH (DSC)

Fi4E GB/T 19466.3—2004 ¢ #2278 3 4 = gk
(DSC) Y RE , BB b 4 3 R HL 10 mg, A 1] 20.1
mg, B TREHRP &M, 2Z2RAfEROTHER
LA 10 °C/min AR TH 2 250 °C, Jf1EIE 5 min, F
FHEA B, W E SR04 MhihZ,

BIRE R RS AR (1) HEA A R T

X, =(AH, — AH_)}/(AH? x W) x 100% (1)

K X WG BE; AH RIERLES 5 AH 45 i
ks AH{ A PLA 58445 i RO RS RS, Ry 93.7 J/g;
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Fig.1 FTIR spectra of ATBC/PLA-TP composite sheets
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CH,

CH,

¥l 2 PLA/ATBC/TP 43 WA EAEH]
Fig.2 Intramolecular interaction between PLA, ATBC and TP

*® 2 ATBC/PLA-TP E5R MR NESH
Tab.2 Thermodynamic parameters of ATBC/PLA-TP composite sheets

iR FES tece/°C AHcc/(J-g™h t,/°C AHy/(J-g™h Xc/%
1 PLA 104.5 39.87 168.2 46.36 6.93
2 P/C5/TO 80.5 29.77 162.1 44.79 16.87
3 P/C5/T0.5 86.9 46.63 163.8 75.18 32.23
4 P/C5/T1 82.6 29.06 160.8 48.58 22.14
5 P/C15TO 84.9 27.49 161.8 42.76 19.12
6 P/C15/T0.5 78.7 22.57 159.8 40.90 23.14
7 P/C15/T1 79.3 27.73 160.8 52.3 31.13
= | B fo
P/C5/T0 501 < - \ )
\ % N . 8
P/C5/T0.5 €4t NS % § § \§ / <
: P/C5IT1 = 1N \§ § § \ \ w/ %
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P i1 11
S 111111 E
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€3 ATBC/PLA-TP &4 K k11 DSC ik
Fig.3 DSC curve of ATBC/PLA-TP composite sheets
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2.3 H=FEMHEgE
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4  ATBC/PLA-TP 545 F bF 4 fin o BE R 2L < 3
Fig.4 Tensile strength and elongation at break of
ATBC/PLA-TP composite sheets
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Fig.5 Water contact angle of ATBC/PLA-TP composite sheets
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Fig.6 Water vapor barrier of ATBC/PLA-TP composite sheets
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