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Synthesis and properties of biocompatible poly(lactide)-based thermoplastic polyurethanes
LYU Ruixue,ZHANG lJialin, ZHANG Huilin, QU Bingliang, JING Zhanxin, XIAO Xiao
(College of Chemistry & Environment, Guangdong Ocean University , Zhanjiang 524088, China)

Abstract : In order to alleviate the resource shortage and environmental problems caused by the large use of petrochemical-
based materials, the development of renewable and environmentally friendly bio-based polymer materials is a current research
hotspot. Poly (lactide) (PLA) is regarded as one of the most promising bio-based polyesters. Bio-based PLA-poly (e-caprolactone-co-
y-butyrolactone) (PCBL)-PLA triblock copolymers were synthesized, and biocompatible PLA-based thermoplastic polyurethane (L-
TPUs or D-TPUs) was synthesized through its chain extension reaction with hexamethylene diisocyanate. Their chemical structure,
crystallization properties, and thermal stability were analyzed and characterized. The results indicate that multi-block PLA-based
polyurethane based on PLA-PCBL-PLA triblock copolymer is synthesized driven by urethane bonds. Compared with the PLA-
PCBL-PLA triblock copolymer, the molecular weight of PLA-based polyurethane increases, but its crystallization ability is relative-
ly poor. The crystallization performance of PLA-based polyurethanes can be controlled by regulating the molecular weight of poly
(D-lactide) (PDLA) blocks and the mixing ratio of L-TPUs/D-TPUs. Furthermore, the shape memory performance and hydration
capacity of PLA-based polyurethanes were evaluated, and the relationship between its crystallization performance and the molecular
weight of PDLA blocks as well as the stereocomplexation of PLA-based polyurethanes was analyzed. The results show that the shape
memory performance and hydration capacity of PLA-based thermoplastic polyurethane can be effectively regulated by adjusting the
composition and sterocomplex degree. In addition, cytotoxicity experiments confirm that the synthesized PLA-based thermoplastic

polyurethanes have good biocompatibility. Therefore, the synthesized PLA-based thermoplastic polyurethanes have the advantages of
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controllable and adjustable macroscopic properties and good biocompatibility, and it will have potential application value in the field

of biomedical materials.

Keywords : poly(lactide) ; polyurethanes ; crystallization ; stereocomplexation ; biocompatibility
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Tab.1 Composition and molecular weight of HO—PCBL—OH, PLA-PCBL-PLA triblock copolymers,and PLA-based thermoplastic

polyurethanes
Samples My Moy M, of block/kDa M, \w/kDa M, .c/kDa PDI M, /% Yield/%

HO—PCBL—OH - - 9.1 14.4 1.36 - 82.8
PDLA-PCBL-PDLAO.5 1:4 0.5-9.1-0.5 10.1 16.0 1.32 9.9 86.6
PDLA-PCBL-PDLA1.4 2:4 1.4-9.1-1.4 11.9 18.4 1.20 23.5 89.9
PDLA-PCBL-PDLA2.3 3:4 2.3-9.1-2.3 13.7 24.5 1.33 33.6 88.7
PLLA-PCBL-PLLA2.1 3:4 2.1-9.1-2.1 133 24.6 1.16 31.6 86.2
PDLA-PCBL-PDLA3.1 4:4 3.1-9.1-3.1 153 29.8 1.38 40.5 88.3
D-TPUs0.5 - - - 30.1 1.82 - 87.0
D-TPUs1.4 - - - 47.5 1.80 - 85.6
D-TPUs2.3 - - - 64.4 1.69 - 83.1
L-TPUs2.1 - - - 45.1 1.65 - 81.9
D-TPUs3.1 - - - 57.0 1.50 - 81.3

Notes: 1y o 1y y.ppry) IS theoretical molar ratio of lactide to lactone structural units of PCBL during synthesis of PLA-PCBL-PLA block copolymer;

PDI is polydispersity index ; M,,, , is mass fraction of PLA block.
1.3.3 PLAFE# MR & BB A R

TG, FREL— € B 2 i PLA-PCBL-PLA =% B
YA 100 mL = [ [ EBSHR H, 76 60 °CHli &
25 60 min; ZR 5 , A AT, AT R bE 2
SERTEIR, FHR G 2 45 °CJ5 K HDLL. — H
HEfR — T R85 A, Hirf PLA-PCBL-PLA 5 HDI i
VB E 13, “HER T EGNHEN
PLA-PCBL-PLA I HDI & Jii & 19 1.3%. W 5 h
J& IR A WAONAAE 90 °C , 4kLE N 7 h, it ,
T 3 e 28 AN R 2R A 2 A R e s
M Tk = 4E 8, AR 5 fd H % PLLA-PCBL-
PLLA & PDLA-PCBL-PDLA, ¥ 7= ¥ ¥ i H L-
TPUsX 8, D-TPUsX, H:H X Aifi i PLA-PCBL-PLA
= B AR B A9 'H NMR 3% & 3182 19 PLLA 5§,
PDLA i Bt 1 4r F &t . FRHU1 g L-TPUsX 5 D-
TPUSX & T, A 30 mL 5 F e, W i E

2 h)E I EHA K 75 mm B BEAR H e T
T T 24 h 5 ¥ A5 3] 0T E LA LA vh T4 12 b,
FEFIAH R (1) PLA FEPR IR PE IR S R A

ST A PLA JE SR S Mgl 13 DA J5 i il 4%
ST 1.0 g9 L-TPUs2.1 FI D-TPUs2.3 #4351l
TEW BT R MR RIR G S EBEA RN
75 mm [ B A ok I B 2 iR A R A el
%524 hs A5 30 A EERE 0 W AE E s A T O
B bRic N SC-TPU-Y, Hirf ¥ % 75 L-TPUs2.1 HI D-
TPUs2.3 By it i [t , #dn i o L/D, Jf B Y gk s
}1/9,2/8,3/7,4/6 F15/5,
1.4 MX5 k4

(1) FTIR MK, 76 ATR AT, I FH FTIR AU AE
400~4 000 cm " 1Y% B0 Bl N 49 IR 32 1k, 43
K Rdem ',

(2) 'HNMR iR . PLCDCL R iE 7], LA DY 3



82 AR

2025 4F, 45 53 45,45 12 10

REBE R AR, BAE S A i a EA T

Q) EEIG B (i A . R S Vs f AE DU Sk
Mg e, LA D S0 K I A 9t s A, T34 1.0 mL/min, 78
BEI I 15 AL E I TR, 5 F SR 7 L s br e
At AR RS v R 2SR A 0 4 T Ao TR A

(4) XRD IR . DL Cu Ko S8 R 5L, L) 59/
min [ EAE 5°~50° AV IR S B4 50

(5) DSCIMK . FE A B S AR TER A
SR, P10 °C/min (13858 ) 20 °CTHl 2 U i
B IARIE 3 ming 2R )5, DL 5 °C/min [ 3 R IR 2
—80 °C ; fit J7 , FH LA 10 °C/min B 3 Z& T iR &2 Wik
TR

(6) TG 73 Hrill ik . 72 A A BT, # 5 DA
10 °C/min [ 9% in#22 600 °C.

(MIEARICHCAEREM . 1 58 e i RO B
40 mmx5 mm YAESS, FF I B A ALK BE A 20 mm;
IRIG B RESRAE 70 °CHIFA S min, FREFHA RO BT
i1 2 A SR 245 200% , I8 s BIECA Kok A
Fi 1 min 5N 05 B m  BFEARFRIKCE T 70 °C
AR R . D) Q)T BRI [E
TERR)FIEAR P E (R

_ L,-L, 0
Ry= 73" < 100% (1)

L -L, ,
R=T—[" 100% )

R LA s Lo PR K 5 L,
FHN IR K s Lo 0152 e K

®VKERESITHN .

IR fi F G o >R T Bl 2R K 422 fik £ 53 A SO0t
FE i 2R K B2 fl A R4 7005, L 0.25 mm/min (1) 3
FER KRR TERE b B 2R THT L B2 S s IR A T R

W AR . KK A 10 mm () 1E T TERR
12 UIAE 10 mL B2 45 28 vl (&5 79 BE 45 51 pH=
7.4, B A 0.1 mol/L) 1, B F 37 °C;24 h J7 it
RS IR AR R K Ay AR E . B il

KG)HHEWIKZEW)o
W=(W.-W,)/W.x100% 3)

Ao W R W ROK A B

)M EE T . LA/INER OB ET 2R 41 (1929 4
) AR 3@ 3 3-(4, 5- F BEmEmR-2-KE)-2 | 5- %
FEPU AR IR ER HE A (MTT) R PLA 258 & R Y
M EETE . TG, AN RV B AR S IR AR, A
FH 5 SR 58 1L929 40 MaH2FP 7E 96 fLAR I, HIREE K

6 0001/, ¥ H B T 37 °CH5 5% 24 h; 1 100 L E.01
e B RS ARG IR 2L, T AE 37 cCUb et s —
FEFE] (24 h, 72 hBl 120 h)J5 , BEFLATA 20 WL MTT
W (S mg/mL), I E 1 hs i, LBk L)ZREE IR,
HITA 150 wL — 1 BL 7 AR (DMSO) 345 7% 15 min, il
I EERRUAE 492 nm Ab i S GRE (A)E . 40 Tg
F1(Cy AR @)
C=A4/A4.x100% 4)

A A5 5 R R ARG BRZHL ) A {H
2 #RE5ITR
2.1 ARHBE&LEEMEIL

& 1} 3L T PLA-PCBL-PLA = it B 2L Wy 11y
PLA B8 M B AR 15 g 26 K1 (DL D-TPUs 2y
By, WK 1R, B9, DL e AT Kk
v- T IR A e~ P iR &2 A2 TF I 38 i A WU
B Ko+ 51 & HO—PCBL—OH; i 5 , 8
1t K43 51 & 77 HO—PCBL—OH 7| & N 52 g JF
B4 4 B PLA-PCBL-PLA = B3t W) | )5
i 1t HDI 5 PLA-PCBL-PLA = i Bt 4 B ¥y 2 ] iy
HEY JR RN A N PLA FE IR

DEG, Sn(Oct),

Q + e o H 8 2

"0 120°C, 24h O~ OAAAOOAOIA~A~O O
o ’ o) " HO-PCBL-OH O b

7-BL eCL Sn(Oct),

o 130°c, 24n/ (M
0 o) : ¥
Ao ];"'{(VWWOMNA(M%’OLH 0'g -
CH. 0 0 CH, CH,
: (PDLA-PCBL-PDLA) : :
0
g ,"I\\l/\/\ﬁN”C
YO/ (HDI)

Toluene, DBTDL
90°C, 7h

HH O o o) (0] H H
O N0 0 Dm0 0~~~ Ol OO
o] O CH,' 0 0 HO o)
' D-TPUs
1 HT PLA-PCBL-PLA =Bt PLA SIS SR 1Y
A UL I (UL D-TPUs Sy i)
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