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JRW, CBEP FJ W 2485 PLA MHI1E, ESMEESERMB IR T oML, RHERNT 7.5% (5
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Preparation and properties of biodegradable polyester elastomer

particle modified poly(lactic acid) composites

LI Yongxuan', ZHU Yunlai' , PENG Bo', JIAO Guibin' , WANG Qingguo*

(1. School of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, China;

2. Key Laboratory of Rubber-plastics, Ministry of Education, Qingdao 266042, China)

Abstract: The carboxyl-terminated biodegradable polyester elastomer particles (CBEP)/poly (lactic acid) (PLA)

composites were prepared by different particle sizes of CBEP blended with PLA. The mechanical, crystallization and

degradation properties of the composites were tested, and the effect and mechanism of CBEP on the properties of

PLA were studied.The results show that CBEP can significantly improve the toughness of PLA, and the composite

specimens appear necking during stretching, especially the elongation at break of the composites with 7.5% (mass

ratio to PLA) CBEP-a (particle size of 200 nm) increases from 4.6% of neat PLA to 155%. And the notched impact

strength of CBEP/PLA composites is up to 2 times of neat PLA. CBEP can also improve the crystallization properties

of PLA, in which the isothermal crystallization half-crystallization time of the composites with 7.5% CBEP-a

(particle size of 200 nm) is shortened by 21.4% compared with the neat PLA.The results of the degradation experi-

ments show that the mass loss of the composites with 10% CBEP-a (particle size of 200 nm) in lipase and soil envir-
onment is increased from 0.34% and 0.25% of neat PLA to 2.52% and 1.20%, respectively. The CBEP/PLA composites

have broad development and application in the fields of biomedicine and environmentally friendly materials.

Keywords: polylactic acid; polyester elastomer particles; composites; toughness; crystallization; biodegradation
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H A 2 iR g vz N, AR T SRRk R
A G ER T TR . 2020 4F )R
AT T I msm i RhE G in F A & 0 ),
L BER B A A bk — SRR A B
SR, TRl 35 [ 5 R A b X S AR L AR R A
Ak — R S L e, P RAEA
T 3 T AT RR AR SERE RN — A L T I, T
R F M (Poly(lactic acid), PLA) #{IA N2 A & JE
T 5% B M AL 22— B,

PLA J& — i i) > 5 F A= ot 9% U5 S n A g
fiff I PR OR BRORE L JRUREFL R 1 A AR W ok I AR
B, NRBACE IR . A PLA 7 1 38 sl HE AR 45
IR A58 & B N H0. CO, 5IEH R4, A
SIS YLIEE, SRRSO IR, N R Y
TR EYWHAEN SRS, PLAT
Bl EYEFSREBRTESEZA T
12 AT S 0 B SR, PLA B4 % 5 Wk
28 45 B I A5 D R el L B R A B, [ 2
il RS 5 T SR PR R i TG A% IR ™ R H
37 Hoak— 2 o i U B, AE S 4R R
PLA H G 5 Pk fig i 5L il L%t PLA #E 47 2kt © Ak
Sk E R A 5T B

B 0 P Ty A YO S R R
e f ok PEl H R R . BENEES 53
MR AL B, HORT 3 O PLA YRR S R A BE
A RA S . T A 55 6 U, i 3 ek
PR P SRR R P, BT R Tl A
s A PE 7 . PLA (4 ) 3 g 1 38 2 4
SR A D920 g g B w T ML I R B A
PLA iR, (8% 4t H i ook AR [R] i 2k 3% PLA 1Y
SRR ERE . 25 DT, MBS RS IE R
£ HREXT PLA (9 50— PERE AT 0035, R /D mT LA
R PLA () 2Rk E, HLOR 280 ik &4
K PLA H B HAM ML R bEGE. Wik, FR—FpfE
AR PLA A SIS MERER AT HE T, ] [A] Ao 4

i PLA Z2 R P BE B9 S0P J7 v i B RiTE ST B A

WANG 45271 i FH i 15 8 AN 100 0 oA, 38 2o 4
. 3. WmAACI S TR ST AR T
Ay s 5 K b 2 T AR A W R e 3R T R 1A
#i F (Biodegradable polyester elastomer particles,
BEP), 7EM LAl b, ASSCHE = Mok A A W] R
F B} v A= W) [ i 3R TR 53 P {AORE 7 (Carboxyl-termin-
ated BEP, CBEP) &5 PLA J&alILiR, 4 T CBEP/
PLA & & #1 K, WFFE T CBEP X} PLA £ B8 19 52 i
KAE ML, S HAE G AR PR R A BE T
R A5 QU Y I 5 TR TR B T SR

1 XBHBRAE
1.1 FE#E

2k 5 v 2B W) W ik 2R I L PE /ROKL - (CBEP),
4% 4 91 9 200 nm (CBEP-a). 500 nm (CBEP-b)
5 1pm (CBEP-¢), # &FRHER2%; RILM (PLA),
5 4032D, % [E Natureworks 2 5] ; R HE, ff
1% 7 100 000 U/g, & M ¥E R LW BB AR A FE
AWML ZE vhi, pH=6.84 (37°C), KIERFHRK
e A R
1.2 CBEP/PLA E &M HIHI &

# PLA 7£ 100°C T EH.%5 T/ 2h, CBEP 7£60°C
THEZ T 24h, SRJEH L 1 PR B ST
AR, % CBEP/PLA B &Mk, IR ZMF: i
JF 180°C, % ¥%53 60 r/min, R 15 min, iR
T2 FBahEmm A, i FRERER, M
B OE AR AU N A BT R 2/3 (9 PLA, 2.5 min
J& fin A CBEP, f§ 2.5 min J5 Il A 4% 1/3 i PLA,
HIR 10 min J5 R,

1.3 Wik 53R
1.3.1 CBEP Wyhitse 3 A R AE

% H Nano-ZS90 #1385t ki A (9% [E Malvern
I AA FRZA WD) X CBEP k42 #E4 7005 o K CBEP
TR B FE 2 B 290 0.6 g/L, SRJFHZ) 1.2mL
N i o N 1] R R R

x1 BEIDmEYEMREREEART (CBEP)/EILE (PLA) E6MRIHERREIL RERAR
Table1 Mass ratios and sample name of carboxyl-terminated biodegradable polyester
elastomer particles (CBEP)/poly (lactic acid) (PLA) composites

Mass ratio of CBEP/%

Kind of CBEP Particle size/mm Mass ratio of PLA/%

2.5 5 7.5 10
CBEP-a 200 100 PLA-Ca,;  PLA-Ca, PLA-Ca;5  PLA-Cay
CBEP-b 500 100 PLA-Cb,;  PLA-Cbs PLA-Cb,5  PLA-Cb,
CBEP-c 1000 100 PLA-Cc, 5 PLA-Cc;s PLA-Cc, 5 PLA-Ccyq
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K H GT-TCS-2000 I 1 147 S S0 ML (5 Bk A
DA 2% A BR 2 w1 ) X B i 18 i A fig ik 17 3k
AR A 2 mm JE 1) 5A BIE AR PE AR S5, ek
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TR 2 mm, EEEREEERE 1T,

1.3.3 &5 &gk

K I DSC204F1 R 22 7% 1 4 & #4 AL (7 =
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M. B 5~10mg 247 PLA M HE SRR, N,
ST i #E IR T & 200°C(10°C /min) I %5 i 3 min
THERR ) 5375, AR5 HGERE % 115°C (30°C/min)
FHRSFRES T, 445 m5ERUE T % 200°C(10°C/min),
RPA5 3 115°C F 45 e mil 45 o 72 5 TR IR fil Y
DSC Hh £k

% BX51 4 Ot B i 8 (H 748 Olympus #£ 20
23tt) X PLA K H 5 A MHRH 25 S8 S E 17 3R 1E
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PIVEBR R 1 53y s, SR )5 B 2 115°C(50°C /min)
FHIREIREE &, WSS RIES
1.3.4 i [y g B fe P e 0 3K
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TEAEE, JFICRWIG S my. WA E T 37C
(1 107 1 5l TR ) PR A N & s mL Wk JE
500 U/mL F i 1y B i A =045 N . A3 BE 3 KL
WAL, AERBE TR TEAEM, A5 T 60C
FLAMET BEE, 0 Sk B SRR T me R
1 PHS-25 %Y pH if (A L B A A E A R A D)
Xof WA AT K1) pHL {47000 5

CBEP. PLA J JLIZ & MR il B fiff 1) o1 it 4
P S N wa

e =207 L 100% (1)
mo

Ko o Ry B BT i B 2R R (%); my A i [ i
RRI R T (g); my R AR5 1) BT (g)o
1.3.5 - 48 [ il 1k B 0 3K

¥ PLA N H A S MR O [F] ) T 60°C
B TN T 2EE, JFd R0 E my.
R bRIC S, SR H AR IR IR 15 cm
W PH I 3 a A R BCE BE AR S, K

LS LB TR TSRS, 25 60C HAas Ut
TEEE, JCRMEME RN E me. PLA NI
S A AL i R A 1) 5 81 2 SR AR 6 = (1) TH5

fifi I SMZ1500 A4 2 5% (H 4 Nikon #3X
Sk X 2 A HERE R IS AR SR TR SR AT SR

2 #RE5TR
2.1 CBEP WHZEHTH

€l 14 CBEP HyRLA2 oA i £k . W %1, CBEP-
a fF ki 42 24 4 200 nm, CBEP-b (1) Y ki 2 24
4 500 nm, CBEP-c B V¥ R.A22°% 1000 nm, 4
25 CBEP MR (R ¥ 2 B W o A, T e i 4,
H g8 | s, ui W] i i % ) CBEP
PR — LT
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—e— CBEP-b
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Fig.1 Particle size distribution curves of CBEP

2.2 CBEP/PLA E &##HH 1 21% 68

€ 2 4 PLA & CBEP/PLA & &# KN 124 BE
H1 P 2(a) TT 0, 4 PLA 44 {41 38 B 4 77.4 MPa,
1M CBEP/PLA & & b RL i hir A1 Ji ¥ Bifi %5 CBEP &
S BT 28 B A, AR A B A AR i A
JEF T 45 MPa, i 2 R B R 2R i
CBEP (1 /il A K08 2 %5 7 PLA Ay M7 24 (K &, H
rhali PLA B B 24 K R AU 4.6%, 1 PLA-Cay s &
G PR W2 KRR B T 155%. & 2(b) AT A,
4l PLA iR 22, e s a B O 2.89 KJ/m?,
1M B %5 CBEP [0 A K A b kL oh o 3 3 35 4 8
BAEE, JUHJE PLA-Cb, s 25 F B i 1 vl o
JEAE] T 5.89k)/m?, JE4li PLA iy 2 %, #I1E W&
P

R4 5 U1 et Al 4R SR FRIE AT L. — 5 T, )
e PLA JL 4K b () CBEP A 7824 1 J1 &b o, 7
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Fig.2 Mechanical properties of PLA and CBEP/PLA composites

Z vhs A K K AR SR BT WA 1 7R A I IR
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I3 Sty ) L 3 45 1A% 2 B U0 7 A, T B DDA X
A BH IR BB S HE— 2 & R, Ak CBEP A9 i A AT
i PLA (90 1 8 35 4 55 o T AS [RDRL A% 1 CBEP Xf
PLA W34 ¥ R WA B AN, ¥ in/h ki 42 CBEP
MG MBI E R Ly . RAE@E B IS, Mk
Az I 90 2 A B 5 AR T B4 N i A B A3 B D i 7B
V5] {1 Bt o A28 1 /N T /S, BRI S n/N k £
CBEP {53 & #1 %} 7€ CBEP ¥ in 5 51K B B 1 35 %
AR ERE, kSR m &k A BRI G
i PERE T R 5 1 US N KORE AR CBEP A9 &R & 41 RHEE
CBEP & 2 40 & i A BB ik B B fEME gE o 72 A IR
Jn 0 4T, /INVBLAR CBEP 1 5L 4K v 4 4 R
JEH AL MARR TR B N, SRR RN,
XoF % & AR A0 B D) (10 5 SR o P

CBEP/PLA & & M EME S tE R B &R T
WAL, WK R E R 4 R At

170087, & 3(a) A MR SRR A IR T o
DA, RR SRR AR DI BT B A i
G, SO, BOmARN, MBS R,
30 X e N AN E], BTN R AR
Kl 3(b) Sy B4 A% B LS g -RE AR 2R . W LR
L 4 PLA 4 g - A 2Ry S 5 ) RS T G 2 28
Lo R e, JoImRBLER , W R R AR
9045 2% A TN 7 - 107 A T U R BT D Y e R
R AR AL B GE

(2)

o
b

L e —
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Fig.3 Photo (a) and stress-strain curves (b) of

CBEP/PLA composites necking specimen
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B H W v W S R AIG . [RIERE 391 40 A% 2% 7 o il e
RCIRAN H B — /N AR | 206 I PR A 4 v 0 )
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W FL 4 L th T CBEP/PLA & & #1 B} 1Y 551 46 B 5 15
PLAR B I B T 431 55 HEBLUACAR B A fh 25, il
PR R A AR R, B R o fEE £
BT R A A g BT XU B CBEP 1] DL 42
5 PLA 4> FHEMIZ S RE J1, fE3F PLA ML 45
fb, TR 5 A DXCFE A VR A ) B
M i CBEP/PLA & & M4 BHRE 25 A6 i fft Bisf 1 3 551
EEIE

l Exo

Heat flow/(mW-mg™")

Unstretched PLA

20 40 60 80 100 120 140 160 180 200
Temperature/C

4 PLA J& CBEP/PLA &M HIBI4iHEAIN DSC i1k
Fig.4 DSC curves of PLA and CBEP/PLA composites necking specimen

2.3 CBEP/PLA £ & #HH0 45 & M BE

€ 5 & PLA J% CBEP/PLA & & M Bl 19 45 i %
. &l 5(a) 4y PLA (W3R S5 IR 45 & DSC ik . 7] LA
A, 2l PLA (1 3F 55 U5 R TR fl 25 3 e KAk
JIE X 7 i BE R 113.2°C, T A A T TV 4 o R
B KA B 6 R UL B R 115.5°C, iR SCAE IR 4G
B S — L PR TE 115°C, K] 5(b) o PLA N H &
A AEHE 115°C T B A5 45 f DSC M 25 14 5(c)
o4 B (2) ¥ K 5(b) mP B I 3 R dH/de X 45
tm N () ¢ R 4345 21 0 AH X 465 5 BE X Bl B[] 79 22 16
HHESH

f%mamnm
X =0

tjfmmmmr

K 5(d) A A 5(c) il it Avrami AFHLE153],
Avrami 23 2T DL IR & 40 10 SRR 45 Bl T 2
HAKXWT

x 100% (2)

Xi=1-exp(—Kr") (3)
X P 1 O 207«
lg[-In(1 — X)] = nlgt +1gK (4)

oy KBS R E R, o AR U 5 4 Kl
RYLE ;s noA Avrami 580, H 58 HLH 524
KU 56 HEl 5(c) RIS 45 fhist[a] £, BD4E
T 45 b Ao R rhORE X &5 b BE TK B 50% B BT R B R E]

& 5(e) Ry 7E S5 IR 25 T 5 THE G Al DSC 4k .
AT, 4l PLA HA — A8 Al g, 0 X N T B2
T, N 167.7°C, Tl A CBEP J5 & & # R T,
B4l PLA YW A B AN . X /2 i T CBEP 7] L3R 5
PLA 7 FHEBYIE stk i Ty, FEAIG . X b 2 05 Tl
AR AT AR BIA RS AH,,, B AH, #%2 (5) 7] LA
T RE SR 45 5 X, 4l PLA ) CBEP/PLA
ZA MBS RIE A sh T =SB T2
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X, = 1
© = 93,000, < [00% (5)

Hor . 93.07/g M4l PLA 7645 & 2 o 100% Bif A9 4%
AlkS s WA PLA FE 2 G MR Y T 3 43 28
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ES sl eS8 T, 4iPLA 19 t,,, 4 9.8min,
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PLA 458 T 21.4%; K M 1.47x107° 2 5 & 4.27x
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CBEP/PLA & & M K} 25 i % g W 1 &5 T 41 PLA,
VEHA7E PLA 45 f 3t 2 th CBEP A] 3524 S AH k% %1,
[ it CBEP 1] LA 42 7 PLA 7> T-BERYB sh i, AR
WIS AE R, HEE PLA U452, 1fij CBEP
BB AR N A AR & R RE R . X
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PLA (W45 f ML o P18 Ry 2.51 3R B H 2% & i 72
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¥ 6 & PLA & CBEP/PLA & & #1 ¥ iy POM
%, AILIFE 1, PLA K CBEP/PLA & &1 RHY ok
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Fig.5 Crystallization data of PLA and CBEP/PLA composites

((a) Nonisothermal crystallization DSC curves; (b) Isothermal crystallization DSC curves;

(c) Xt curves; (d) Avrami plots; (e) Subsequent melting DSC curves)
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Table 2 Kinetic parameters for isothermal melt crystallization of PLA and CBEP/PLA composites
Sample T,/ C AH /(g™ AH/(J-g™) X./% t)/o/min n K/10*min™
PLA 167.7 34.23 30.87 36.81 9.8 2.70 1.47
PLA-Ca; 5 165.3 36.38 27.93 42.05 7.7 2.49 4.27
PLA-Cb, 5 165.5 34.38 29.23 39.74 8.2 2.49 3.70
PLA-Cc; 5 166.3 33.62 30.85 38.86 8.9 2.55 2.65

Notes: T,,—Melting temperature; AH,,—Melting enthalpy; AH,—Crystalline enthalpy; X .—Crystallinity; t,,,—Crystallization half-time;

n—Avrami index; K—Crystallization rate constants.
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Fig.6 POM images of PLA and CBEP/PLA composites
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Fig.7 Degradability of CBEP under lipase solution
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Fig.8 Mass loss rate of PLA and CBEP/PLA

composites under lipase solution
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Fig.9 Mass loss rate of CBEP/PLA composites with
different ratios of CBEP after soil burial
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Fig. 10 Stereo microscope images of PLA and CBEP/PLA composites after soil burial for 4 months
((a) PLA; (b) PLA-Cay; (c) PLA-Cbyg; (d) PLA-Ccyg)
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