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Preparation and Properties of PBST/PHA/Lignin Ternary
Composite Films

LIN Jinhui, ST Jundong, ZHANG Yan
(School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Poly (butylene succinate-co-terephthalate) (PBST)/ polyhydroxyalkanoates (PHA)/ lignin composite films were
prepared by casting method. Fourier infrared spectroscopy (FT-IR), differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA) were used to characterize the structure, thermal properties, mechanical properties and
crystallization properties of the composites. Results showed that no new chemical bond was formed in the melt blending
process. The thermal stability of the composite materials was improved. With the increase of lignin content, the mechanical
properties of the composites first increased and then decreased. Under the condition of lignin mass fraction of 20%, the tensile
strength and elongation at break reached 9.2 MPa and 848.0%, respectively. Moreover, the melt index and water vapor
transmittance of the composite film reached 15.6 g/10min and 31.6 g/(m?-d), respectively, demonstrating excellent melt
processing performance and water barrier performance. The composite films also had excellent UV blocking properties (UV
absorption rate is greater than 99%), and could delay UV aging of the films. The results of soil degradation experiment
showed that the degradation rate of the composite film could reach about 10% in 120 d, and the mechanical properties of the
composite film decreased significantly. These results indicate that the introduction of lignin was rapidly degraded by

microorganisms in soil, which could effectively accelerate the soil degradation of thin films. In conclusion, this method
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provides an approach to improve the properties of polymers through melt blending and expands the applications of lignin in
multi-component polymer materials.
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Fig. 2 (a) Tensile strength and elongation at break and (b) stress-strain curves of PBST/PHA/Lig composites
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Fig. 3 (a) TGA and (b) DTG curves of samples
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Fig. 4 (a) Second heating and (b) first cooling DSC curves of PBST/PHA/Lig composite materials

% 1 PBST/PHA/Lig & 41K K DSC i
Table I DSC data of PBST/PHA/Lig composite materials

Sample T,/C T,/C TJC AH, /(g ™) X%
PBST/PHA —18.6 130.8 93.4 11.7 10.1
PBST/PHAy,/Lig g, -16.7 130.3 93.0 5.5 5.4
PBST/PHAy,/Ligags, -14.8 129.9 92.6 5.8 6.7
PBST/PHAy,/Ligsgs, -13.9 128.6 93.2 6.1 8.4
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Fig. 5 XRD patterns of samples
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Fig. 6 Water contact angles of samples
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Table 2 Melt flow rate and water vapor transmission of samples

Sample MFR/(g-10"" min™") WVT/(gm2d™")
PBST 8.5 166.2
PHA 293.0 27.1
PBST/PHA 11.4 46.1
PBST/PHA 0,/Lig o, 14.0 36.9
PBST/PHA 50,/Ligso, 15.6 31.6
PBST/PHA 0,/Lig309; 19.0 12.1
Blank control / 595.8
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PR AR IN, B WVT BEAIC, K FHIRPERE R 22, 28 G A RN I /K 28 i i B T GB/T 35795—
2017 Hrfy b B K 78 g ik it (VN T 400 g/(m?-d) ) B 2ER, 3k i — 20 R W12 A2 5 b Rk v B 1 7K BEL I P RE D0 5+ -
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Fig. 7 UV-Vis spectra of films
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8 MR SEM
Fig. 8 SEM image of the film surface
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P 3NN P BR AR 30, 60 d LA 120 d R M BT R . & 3T LIE Y, I PHA JE,
PBST/PHA & £ B4 4 i J5E 1) [ ik ok 3R P, 37T BB 1h 1 PHA YR D 6 B 2R A F PBST T & A 105 &
T YRR 2R G 3, Bl K T 3R S BN, = OC A A MR B R R R, IR EE L AR A
RZ Y REE AT B A T R 24,

F 3 MR R AR S A PR G R

Table 3 Mass loss rate of film after degradation in soil

Mass loss rate/%

Sample
30d 60 d 120d
PBST 0.23 0.68 3.98
PBST/PHA,, 0.26 0.78 4.68
PBST/PHA,,/Lig; g0, 1.08 2.03 7.92
PBST/PHA 0,/Ligs00; 1.21 2.51 8.64
PBST/PHA,/Lig300, 1.52 2.66 9.31

WEAE 1 P AR 30, 60 d DA 120 R 9 12 R RE NS 4 FR o KRR 51 AR AR 1 # b R
MR T B, 0 H 2 W 24K S (BRI

P 9 JE A [A)HEA E AT 30, 60 d Al 120 d - HERE RIS ) SEM P o A I 28 00 A7 -4 S8 A0 figk 110 90 A 282 1 2
WML aE . U HJE A0 120 d BRS04 PR B LR, 2 IR TR R A9 I A Bl TR e kR
R Ak B o
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4 A PORRIBAE LS b R IS 1 1 P RE

Table 4 Mechanical properties of composite films after soil degradation

Tensile strength/MPa Elongation at break/%
Sample
30d 60d 120d 30d 60d 120d
PBST 26.7 14.6 9.5 1080.9 547.2 121.8
PBST/PHA,, 242 13.5 8.5 947.2 439.3 88.5
PBST/PHA,/Lig; g0, 114 8.8 55 826.7 250.6 39.5
PBST/PHA,/Ligsg0, 7.1 6.3 4.0 474.9 114.9 19.6
PBST/PHA,/Lig300, 3.7 2.4 1.4 87.2 36.5 10.8
PBST/PHA 0,/ PBST/PHA 0,/ PBST/PHA .,/
PBST/PHA,, ! 20% . 20% . 20%
PBST 20% Ligjgo, Ligyge, Liggo,
30d X7
10 pm R 10 pm
60d
10 um : 10 i/ 10 um
120 d
s ,10.}1fn 3 10 um e e
PRI e, el S v
A9 e LIRS 1Y SEM K
Fig. 9 SEM images of composite films after soil degradation
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