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Niobium modified medical temperature-sensitive polylactic acid based polyurethane elastomer
CAO Yaqi',HU Supei’, SUN Liwen’, WANG Xinyan®, YU Haibin’
(1. Zhejiang Wanli University ,Ningbo 315100, China; 2. The Second Hospital of Ningbo,Ningbo 315099, China;
3. Ningbo Institute of Materials Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract : Polylactic acid based polyurethane (PLA-TPU) has become a research hotspot for in vivo implant materials due to
its good mechanical properties, abrasion resistance, biocompatibility and biodegradability . The temperature sensitive PLA-TPU can
also be applied to special vivo implant materials, which will further promote the development of PLA-TPU in the field of in vivo
implant materials. However, PLA-TPU does not have developability to ensure the safety in vivo without the addition of developer. In
order to promote the better development performance of PLA-TPU in the field of biomaterials, the development modification of
PLA-TPU was investigated. Niobium (Nb) is a biocompatible material for tissue engineering and has good development properties.
Based on this, Nb as the developer was used to modify temperature sensitive PLA-TPU compared to the traditional developer
barium sulfate (BaSO,) and the new generation developer bismuth chloride oxide (BiOCIl). The effects of different developers on the
development performance and temperature sensitivity of PLA-TPU were studied. The results show that Nb combines the advantages
of BaSO, and BiOCl, and has slight effect on the temperature sensitivity and better development modification effect on PLA-TPU,
which is a good development modifier for medical thermosensitive materials. At the same time, PLA-TPU developed composites
prepared with 40% Nb exhibit excellent development properties, temperature sensitivity and softness in vivo. PLA-TPU/40Nb has
good development property, which is 1.65 times that of PLA-TPU.Its glass transition temperature was 30.54 °C, indicating its
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temperature sensitivity in vivo. The modulus of from room temperature to the temperature of the falling rate was 74%, in line with

the requirements of good temperature sensitive. Its storage modulus at body temperature is 117 MPa, and its flexibility is good.

Therefore, PLA-TPU/40Nb has great potential as a temperature-sensitive medical catheter material for human implantation.

Keywords : niobium ; polyurethane ; polylactic acid; X-ray imaging ; temperature sensitivity ; composite ;
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100 °C Rk 2 h, S s . &R 1P IRCTT ,
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Tab.1 Formulation of PLA-TPU developing composite materials
%

Samples PLA-TPU BiOCl Nb BaSO,

PLA-TPU 100 - - -
PLA-TPU /10Bi 90 10 - -
PLA-TPU /20Bi 80 20 - -
PLA-TPU /30Bi 70 30 - -
PLA-TPU /40Bi 60 40 - -
PLA-TPU /10Nb 90 - 10 -
PLA-TPU /20Nb 80 - 20 -
PLA-TPU /30Nb 70 - 30 -
PLA-TPU /40Nb 60 - 40 -
PLA-TPU /10Ba 90 - - 10
PLA-TPU /20Ba 80 - - 20
PLA-TPU /30Ba 70 - - 30
PLA-TPU /40Ba 60 - - 40

o 11

Dumbbell-shaped sample

BaSO,
. Hot press forming
BiOCl1 ‘
X . 170
® Blended, 150C
Nb

PLA-TPU
PLA-TPU developing composites

K1 PLA-TPU WL E A ARH il 5
Fig. | Preparation process of PLA-TPU developing composites
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Fig.2 Mechanical properties of PLA-TPU developing composites

with different developer
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Fig. 3 X-ray absorption tests of PLA-TPU developing composites

with different developer
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Fig. 5 TG and DTG curves of PLA-TPU,PLA-TPU/40Ba,
PLA-TPU/40Bi and PLA-TPU/40Nb

(1) 53 ik S AR AR B IR B2, 0T PLA-TPU/40Ba [ 73
fiff S AR BR ve RIRLEE , 3X S Xl BaSO, Y2 #4t2
EMER R . PLA-TPU HAT 44K E I J& TR [R]
Z LA 4y A B S 80 . PLA-TPU/40Ba, PLA-
TPU/40Bi £l PLA-TPU/40Nb B T AS[R]f4) 3 2 &
W, 33 AT A2 d 5 ) A S A A s i) 1 AP £t
P 2R i
2.5 RHIAHHE DMA 547

PLA-TPU #1 ¥} T 55 A0 5% 28 RR B A
ISR B R B AL A AR IR (T T2 RGN
PSR BRI A IR o YR AR T T,
MR BREAS , o3 T HER VR A, R I RE 1 b1 5
R T T MR AR EES 4 FHE AT LA 8l
FHO BRI T, PR, Wi S RO el i
FEa#ETT T DMA 2308 X L T TR REAR (G ),
VHE T MR IR RE R SOE A2 4k, 25 21 LA
6. #1638, PLA-TPU, PLA-TPU/40Ba, PLA-TPU/
40Bi Fl PLA-TPU/40Nb [ T, 76 N A4 IR 3T, 3 158
W ETTRELEAR A ARG & A 9 38 8 BRI A 1)
A% . PLA-TPU Y T, 4 34.16 °C , PLA-TPU/40Ba,
PLA-TPU/40Bi #il PLA-TPU/40Nb ¥ T, 43 5 A
33.13,30.87,30.54°C, iX ¥5i.H] BaSO,, BiOCI HI Nb %f
PLA-TPU I T 32 A K

061 33.13°C

0.5 30.54°¢ — PLA-TPU/40Nb
30.87 °C PLA-TPU/40Bi
0.4+ ——PLA-TPU/40Ba
— PLA-TPU
S 030
]
[_1
0.2F

0.1+

Il Il Il I}
100 =50 0 50 100 150 200

Temperature/°C
¥l6 PLA-TPU.PLA-TPU/40Ba,PLA-TPU/40Bi #l PLA-TPU/40Nb
FEATFREE T 1 tans B
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Tab.2 G’ of PLA-TPU, PLA-TPU/40Ba, PLA-TPU/40Bi and
PLA-TPU/40ND at different temperatures

Sample G' (25 °C)/ G' (37 °C)/ Decreasing rate
MPa MPa of G'/%
PLA-TPU 525 121 77
PLA-TPU/40Ba 652 160 75
PLA-TPU/40Bi 630 184 71
PLA-TPU/40Nb 453 117 74
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Fig. 7 SEM, EDS images of PLA-TPU composites
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