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Fig.1 WAXD patterns of PLLA and PLLA/PBI films
(A):uncrystallized PLLA and PLLA/PBI films; (B)crystallized PLLA and PLLA/PBI films
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Tab.1 Thermal properties of PLLA and PLLA/PBI films

Sample T,°C T.,°C AHJ/(T-g") T./°C AH,/ (I g X%
PLLA 4935 91.31 21.53 168.15 29.72 8.75
PLLA/PBI5 32.97 77.31 16.24 164.80 28.49 13.78
PLLA/PBI10 32.49 75.44 15.10 163.64 29.57 17.18
PLLA/PBIIS 26.01 70.62 1.12 164.31 28.10 33.91
PLLA/PBI20 26.86 70.84 4.93 162.65 26.24 28.46
PLLAc 168.17 35.21 37.62
PLLA/PBISc 168.14 39.03 43.89
PLLA/PBI10c 166.94 39.34 46.70
PLLA/PBI15¢ 166.54 37.08 46.61
PLLA/PBI20c 165.87 34.60 4621
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Fig.2 DSC heating scans of PLLA and PLLA/PBI films
(A), (D): the first temperature rise curves of uncrystallized and crystallized PLLA/PBI films;
(B), (E): the first cooling curves of uncrystallized and crystallized PLLA/PBI films;
(C), (F): the second temperature rise curves of uncrystallized and crystallized PLLA/PBI films
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Fig.3 Isothermal melt-crystallization DSC curves of PLLA /PBI films
(A): isothermal crystallization temperature of 80 C;

(B): isothermal crystallization temperature of 90 C;

(C): isothermal crystallization temperature of 100 C
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Tab.2 Kinetic parameters of isothermal melt-crystallization at 80 ‘C, 90 C and 100 C for PLLA/PBI

Sample T/C K t,p/min
80
PLLA 90 2.62 3.4x10-4 18.40
100 1.67 3.5%10-2 5.91
80 2.02 1.2x10-2 7.32
PLLA/PBIS 90 1.93 3.9x10-2 4.41
100 1.26 2.3x10-1 2.44
80 2.99 8.4x10-4 9.39
PLLA/PBI10 90 1.25 1.2x10-1 3.98
100 1.10 3.0x10-1 2.12
80 1.98 4.3x10-2 4.08
PLLA/PBII1S 90 2.18 2.8x10-1 1.51
100 5.31 6.3x10-4 3.74
80 1.58 9.7x10-2 3.47
PLLA/PBI20 90 591 2.5x10-4 3.81
100 3.31 7.0x10-3 3.99
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Fig.4 Stress-strain curves of PLLA and PLLA/PBI films
(A): uncrystallized PLLA/PBI films;
(B): isothermal crystallized PLLA/PBI films

Tab.3Tensile properties of uncrystallized and isothermal crystallization PLLA and PLLA/PBI

Elongation at

Sample Thickness/ um Tensile strength/MPa break/% Elastic modulus/MPa

PLLA 64.8+1.2 38.7 14.6 1423.8
PLLA/PBIS 60.5+0.6 31.8 290.6 910.1
PLLA/PBI10 63.5+1.4 36.6 358.5 991.6
PLLA/PBILS 65.0+1.7 35.6 371.8 960.8
PLLA/PBI20 62.2+1.2 30.8 342.4 884.3

PLLAc 65.8+1.8 73.9 4.8 1717.1
PLLA/PBISc 61.6+2.0 62.4 7.7 1734.9
PLLA/PBI10c 62.2+0.9 63.1 26.2 1604. 4
PLLA/PBII5c 64.6+1.2 414 34.0 1228.9
PLLA/PBI20c 65.6£1.6 44.5 52.4 1320.0

50pm

Fig.5 SEM micrographs of the fracture surface of tensile specimens
(A): PLLA film tensile fracture; (B) and (C): PLLA/PBI15 film tensile fracture

BT PBI & &8 £ )5, PLLA & &/, PLLA 23 HF ol LG H, BTG 45 i T 5 1) 360 14 5 A B T oK 45
PEAS B 5E i, W00 PLLA 2H 73 I 45 o FE PR A, BE 2 3 O 0 8 IS 35 B I 38 K, 4l PLL A 7 I 1) o 4 485 & 0k
I PR b7 2R i G 6 O PR AIG o F| 7 1717.1 MPa, 1X & K 4 45 & J5 1 S b o5 4 3

VA 90 CHIMAE R EH R difh, 2 5 BRI PLLA 4 & J5 tH G 58 TR A8 0 A P 1 i ik &5
M )22 e . Fig4(B) 2 W B 78 70 45 & 5 OB ), W A5 G BE I K, 7 TR IS B e D ek as , O
i 28 B, MBI ) S 800 T Tab3 o ACEE B 22 900 1k DR FE B AIG, DR B a8, 5 B0 iR o



FESE R o RIS, 25 o v 5 0 502 0 i), G 2 38 i
JIr DA W 22 Ao G 28t MR B2 R B o &5 A I PLLA/
PBI20c 1) 7 ¢ 1 K N 52.4% , 1T & &5 & i) PLLA/
PBI20 # i iy 2 {1 K 28 0] DLIA B 342.4% , #2& 45 & v
JEL1 6.5 1% o

g LT, PBI MOS8 i 7 3 B 0 R B0, R
B BN 15% I, Y B 2R A A 2R B K T 4 25
o MBS M)A, R M KEHE TR,
PEHE K
2.5 hi{RETENER

Fi SEM M %%+ A ik J5 5 IR 2 I TR A .
Fig.5 A PLLA J ¥ i PBI Ji 8 JIE 37 e Wip 284 T £ 4k 00
T3 . Fig.5(A) & PLLA [ W7 2 [ 2 2 , H b i -1 %
S, 2 AL ifE PR B 2 . Fig.5(B) 4 PLLA/
PBI1S 7 JE (1) i A W 1f , =) LA& tH, % Jn PBIL =, W
AR, R PIEmEMIES, B AR
TR 22 B L % . Fig.5(C) N Fig.5(B) B 8K K,
KI5 BT LA H 8 7 22 30 5 5 i W R, U A
BHI 4R Y e 1 A, i ELIT T R BT > S
FLGE L), 3 2 S R 1 2R TG L A ok AR v B RS 2 4k
A AIIRTIER

3 i

A ] %% 7 PLLA/PBI L IR ) T JEL, PBI {17 7E
43 PLLA 77 1 55 B 10328 3l g J1 82 = TG € TV 45 1)
80, v 5 N Z2 0 . 5 PLLA 8 5 AH B, PLLA/PBI
JHE S (10 BT 24 e K R 08 K 25 s TR TAB T A
T L 25 3 R R, 7E 80~100 °C [ U [F P, 2 45 i
FR I T B PR, 45 4608 1.5 min. 24 R 45 R 45 S
R TG 7 25 46 e A8 DR R B P 5 ), 5 S0 e T 2R
K R E R, WIPE RO, #E RS OK, (R
PLLA/PBI20c 7 i (1) W7 22 i & 2= 475 AT 3k 2] 50% LA
o PBLI AN AR K Hb 2035 T PLLA 1E v £0 2%6 4 )
A7 AE R | G 1 R B, Oy G — 25 T Ak AR 7 4 i
TR .

S % 3Cik:

[1] Lasprilla A, Martinez G, Lunelli B H, er al. Poly- lactic acid
synthesis for application in biomedical devices- a review[J].
Biotechnology Advances, 2012, 30: 321-328.

[2] LiG, Zhao M, Xu F, et al. Synthesis and biological application of
polylactic acid[J]. Molecules, 2020, 25: 5023.

[3] Razavi M, Wang S Q. Why is crystalline poly(lactic acid) brittle

[4]

[

(6]

(7

(8]

91

[10]

(1]

at room temperature[J]. Macromolecules, 2019, 52: 5429-5441.

ARz, B, laFR . DU SR SR Ak RE Ry i S LA SR DRt
R 0], L3S TR, 2021, 42(19): 136-145.

Cheng C Y, Ma J, Yan R X. Performance characteristics of
modified polylactic acid and its application in fruit and

vegetable preservation[J]. Packaging Engineering, 2021, 42(19):
136-145.

E . R BIE S P SR AL BR MR ] % S R R

AR PREERCR[D]. AR 4 5 AR 2, 2017.

Yun X Y. Preparation of poly (lactic acid) thin films with high
toughness and high selectivity and permeability and their effects
on fruit and vegetable air- conditioned preservation[D]. Hohhot:

Inner Mongolia Agricultural University,2017.

Zeng J B, LiY D, He Y S, et al. Improving flexibility of poly(l-

lactide) by blending with poly(L- lactic acid) based poly(ester-
urethane): morphology, mechanical properties, and crystallization
behaviors[J]. Industrial & Engineering Chemistry Research,

2011, 50:6124-6131.

Y7 VE SCAR, SRS 57, 55 DCP X A= ) ik 0 J A 3R A 34 ) R 3L

PR R A A [T 602 T F,2020,41(23):51-59.
Chen N, Wang W J, Shan P J, et al. Influence of DCP on
toughening efficacy of PLA modified via in-situ polymerization

of biobased monomers[J]. Packaging Engineering, 2020, 41(23):

51-59.
T, 2k, Bhge. B B AL R IR A R RE 5
W [J]. 482 TR, 2020, 41(5): 121-127.

YuL, LiJ L, Zhong Y. Effects of plasticizer on properties of PLA/

TPS composite films[J]. Packaging Engineering, 2020, 41(5):
121-127.

A, i, KT, %5, PLLA-r-PCL Jo U 3E SR W 11 45 4 18 2 % #
FAERE SRR R SRR MR BELT]. w0 T R RL A S AR,
2019, 35(11): 74-81.

Hu J, Lu H, Zhang J. et al. Structural control of poly (L-lactide)-
- poly (&- caprolactone) random copolymer and its thermal,
mechanical and gas barrier properties[J].Polymer Materials
Science & Engineering, 2019, 35(11): 74-81.

Zhang Q, Song M, Xu Y, et al. Bio-based polyesters: recent
progress and future prospects[J]. Progress in Polymer Science,
2021, 120: 101430.

Xu J, Li T, Zhao W, et al. Synthesis and characterization of



waterborne polyurethane emulsions based on poly(butylene transition temperature of unsaturated polyester thermosets:
itaconate) ester[J]. Designed Monomers & Polymers, 2016, 19: 1- conventional unsaturated polyester resins[J]. Journal of Applied
10. Polymer Science, 2021, 138: 49825.

[12] Zhao M, Lu X, Zong H, et al. Itaconic acid production in [16] R, PLA/PEG & & #EMERE X3 WAL EL AT 4L [D]. AT

microorganisms[J]. Biotechnology Letters, 2018, 40: 455-464. o E R R R 22,2021,

[13] Czerner M, Prudente M, Martucci J F, et al. Mechanical behavior Guo J W. Study on properties and plasticizing mechanism of
of cold - water fish gelatin gels crosslinked with 1, 4 - PLA/PEG composites[D]. Hefei: University of Science and
butanediol diglycidyl ether[J]. Journal of Applied Polymer Technology of China, 2021.

Science, 2020, 137: 48985. [17] ZR. 2\ o R 77 I SR BRI 45 i S o

[14] Dai L, Tai C, Shen Y, et al. Biosynthesis of 1, 4-butanediol from 43 B5[D]. B« WiLK 2, 2021.
erythritol using whole- cell catalysis[J]. Biocatalysis and Li X. Crystallization and microphase separation of functionalized
Biotransformation, 2019, 37: 92-96. supramolecular aliphatic polyesters terminated by multiple

[15] Stuck M, Krenz I, Schulze Kékelsum B, et al. Improving glass hydrogen bond units[D]. Hangzhou: Zhejiang University, 2021.

Preparation and Mechanical and Thermal Properties of Flexible Crystalline
Poly(L-Lactic Acid) /Polyitaconic Acid Butanediol Blend Films

Bo Liu, Jian Hu, Jiaxin Bai, Xiaoyu Zhang, Tao Sun, Qianru Chen, Xueyan Yun, Tungalag Dong
(College of Food Science and Enginnering, Inner Mongolia Agricultural University, Hohhot 010018, China)

ABSTRACT: Polyitaconic acid butanediol ester (PBI) was synthesized and then blended with polylactic acid
(PLLA). The PLLA/PBI blends were prepared by adding different proportions of PBI. The crystallization properties
of the films were measured by wide angle X-ray diffractometer and differential scanning calorimeter. The results
show that the addition of PBI promotes the crystal transformation of PLLA, and the crystallization rate of PLLA is
accelerated. Tensile testing machine was used to test the mechanical properties of the films. Compared with the PLLA
film, the flexibility of the PLLA/PBI films was greatly improved. When the mass fraction of PBI is 15%, the
elongation at break of PLLA/PBI film reaches 371.8%. When the crystallinity of the film is 33.9%, the film still
shows a good flexibility. After the isothermal crystallization of PLLA/PBI, the strength of PLLA/PBI film is increased
and the film exhibits a good flexibility. When the mass fraction of PBI is 20%, the elongation at break of PLLA can
still reach over 50%.

Keywords: poly (L-lactic acid) ; poly (Itaconic acid) butanediol ester; crystal



