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Synthesis and Properties of Blood Compatible
Polyurethane Elastomer

Ju, Mingjie® Xu, Binbin** Xu, Ligong™*
(“ School of Sports Science and Engineering, East China University of Science and Technology, Shanghai 200237)
(® School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237)

Abstract Polyurethane materials are widely used in biomedical fields such as implantable catheters and drug delivery.
However, their blood compatibility is difficult to meet the rigorous requirements needed for a new generation of biomedical
devices. A series of polyurethane elastomers were prepared using polycarbonate diols (PC), polyoxytertramethylene glycol
(PTMGQG), isophorone diisocyanate (IPDI) and chain extender (BDO, E-300) as raw materials. The properties of polyurethane
elastomers were investigated by FT-IR spectrum, differential scanning calorimeter (DSC) analysis, mechanical test, water
contact angle measurement, hemolysis and cell compatibility test. The mechanical results show that the materials have superior
tensile strength and elongation, meanwhile, the homolysis and cells compatibility tests exhibit that they have good bio-
compatibility. In addition, the materials can achieve the best performance by using IPDI as well as chain extender E-300 as the
hard segment and PC as the soft segment.

Keywords polyurethane; elastomer; hemolysis; blood compatibility
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1.1 BRESEMAEM RIS RSO (FT-IR)EH
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B R AR A 2k B B L Scheme 1. 56
HH IPDI AE AR E 425 N\ S m R BS540 93
FIFH PTMG 83 PC NGt B0, E AR =T
TSI T 80 C N 3 h, il 4% SRk 7R 6l 2 JR i U 5
RABETARY)(Scheme 1, A). BEJE I E300 /AR
HEFEH BDO EARERY BE7, BT BRI RA
fig s P AR L Scheme 1, B). %6 FH AN [ 4 B — s 5 44
DL AN R R B BER Y BE 7, A 7 DURRAS [RIFh 2
O & g # M 4A (IPDI-PTMG-E300. IPDI-PTMG- BDO.
IPDI-PC-E300 #1 IPDI-PC-BDO), 1% 1 fizx. AEFhE
TR A B L #8450 7E 38% /e A7, DA REAT 5 Sk
A 2 [E] % B

F 1 KRBT IR 20 B i

Table 1 Composition of different polyurethane elastomers

Sample Composition Hard segment content/%
1 IPDI-PTMG-E300 37.00
2 IPDI-PTMG-BDO 38.09
3 IPDI-PC-E300 37.00
4 IPDI-PC-BDO 38.09

B 1 T 5 PP SR e e A 1 S R 2L A1 1

2, KRS 178 2973, 2833 11109 em™ ' Ab IR U U4 IE B
TR RBE R ER LS, H 3 76 1726 1 1264
em ' ARSI IR BA T T A A SR R R R 1 45 4.
B e (9 45 i R 7E 3700 em ! T AR AE B LTS 1
OH W iigiée, 7 2300 cm ™' BHUZ A W5/ NCO W i,
Wi IR b o LT TR AR 10 OB e, BN A I B
BTN e 4.

W’T“

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm-’

B JREBEFE S 1A 3 LLsotit
Figure 1 FT-IR spectra of samples 1 and 3.
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Scheme 1 Synthesis of different polyurethane elastomers
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Table 2 Water contact angles and mechanical properties of
different polyurethane elastomers

Sample Water contact Strength/% Elongation/%
angle at break
1 52.7° 12.5 249.7
2 68.1° 8.8 348.5
3 46.2° 16.8 226.4
4 58.6° 10.8 257.0

T 2 Rl A BHE AT DLE H, RRE 1 KB
F(52.7°) /N TFRES 2 (68.1°), H—#H R T ERE
T BEFIAR R 22 5, Ul B R B RO a5 K 2 TR )
PP LT, 1% T AR T B2y B R B & A
FRGEE, RRY BRI SR AW T8 LK & IR
B, MRS KBTI R 2 (AU, [RIRE 250 7ERE i
3 F 4 (IR SE 5 (46.2° vs. 58.6°) E WS RIIGAE. [FH,
FESD 1 7Kl (52.7°) BB K TR 3 (46.2°), 19
SR W 4 M e SRR 5 A4 B oK.

1.3 J1FMERE

M 2 HRFER R RN e BdE v LR
H, 4 NEESTERE B S EAEAM S LT, SRR
Z UM )1 TR B 2 ok, WA 3 5RE
(16.8%) KT XF ML SRBERE S 1 90 (12.5%), £ 4
(I (10.8%) K T X6 B (1) SR b A i 2 (155 (8.8%); K
FHE Y B AR e P o T RS R FURE i, GO b
1 FI5RE(12.5%) K T3 RIS BARE i 2 1535 (8.8%),
FESD 3 T8 (16.8%) K T X B SR BERE S 4 [R5 5
(10.8%); 1 Wr K ) 5 A S, SR SR 16 22 TG 1)
W A AR A T SR 2 O, WRE AL 3 BT R R
(226.4%)/N TR LI SREFE 1 1R T 24K 22(249.7%)),
FESD 4 FIRTRLHK 2 (257.0%) /X5 S FI SRR RE A 2 1)
W 21K 26(348.5%); R FH 28 B 77 BB i B A
FARTRERY BEFIFE A, PR 1 TR 28(249.7%)
ANTRE L SEERRE 2 (R 2R (348.5%), FEA 3
YD A .(226.4%) /N T0F LR SETREAE it 4 F IR 2
KF(257.0%). AT BIFHIEM PU KM 124 ERES W
TSR Z B R R, FI R R BT AR AR5 2
13 AT 1 (B 2).

FH P 2 Al LR B AN 28 B IS AR TR (T S 45
FAUL Y e  A o IX AsOM R B, eI X 3R % o
PR BCBOM, 2 W SR U IR 2 T T 58 0 B0 4 4 45 4
Eeds el 2 T 0L, FEAL 2 SR A PTMG #1 BDO {E A J5RL #
BRV) R T B it () e, I SR B O S, R BCRE T
AL L BE R B, BAERD; FEA 3 RA PC HI
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B2 R 2 () 3 (b) B L T S B (SEM) B

Figure 2 Scanning electron microscope (SEM) images of sam-
ples 2 (a) and 3 (b)
E300 ARk}, SEBOY B, BRI BRI R
HESH, (HAE B OB RS ST T, RN BrE Y B2,
TERE I AT B 2. IX RO 45 R IR AN [R] 5 B0RF
i 3H SE R SR L, e — @R A M L IR R,
A DMRIF R AR 2 vh g 2 PR R A SR

DN T 6 A R ) SRR X O SR AR S A O B, XA
a2 F1 3 (R 2L AN B Bt (X 3R 47 e DL Wt L U B A B
. PR SRR X ZL A ] 3 fos, ANRE I
W TR, HE DAL Ui B e R AN B Bk e 1) 2 T S
B, AR B BB s Z ikl B X 1 iy
BEAT /UG, TRABERE S 2L MG B, SIE X I
J& HT CURR A B AR L IR 804 #E 1660~1740 cm !
T A, X 88 T S8 A 7 16 (ordered  hydro-
gen bonding), KX HJE T E B M) 0T 1§ (disordered
hydrogen bonding), i % X 45 T~ 6 S5 £ o 1) Fc ik
& (free).

__Area(ordered +disordered)
B Total area

X

B 5 A& 4 M 3 Fros, WAl LG
FEM 2 ESEILTREE N 0.78, TA LSS L TR AN
0.26, MifEsh 3 WEMEEILIEE N 0.83, AP ib S
FEFE N 0.32, W] ILFES: 3 SRR i, B el
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Figure 3 Carbonyl absorption of samples 2 and 3 in FT-IR
spectra
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BDO A¥ I R ARG # AR, T E300 A1 PC 70 F
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Figure 4 Differentiation of C=0 stretching of samples 2 (a) and 3 (b) in FT-IR spectra

K3 TURMELLANREE X g2 3
Table 3 Differentiation of C=0 stretching of different prepolymers in FT-IR spectra

C=0 peak position/cm '

C=0 peak area ratio

S 1 X rati
Hope Free Disordered H-bonded Ordered H-bonded Free Disordered H-bonded  Ordered H-bonded ratio
2 1728 1714 1694 0.22 0.52 0.26 0.78
3 1726 1712 1691 0.17 0.51 0.32 0.83
Chin. J. Org. Chem. 2020, 40, 4344~4349 © 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 4347
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Figure 5 Cell compatibility of different polyurethane elasto-
mers

R4 AR IR LB A
Table 4 Blood compatibility of different polyurethanes

Sample Composition Hemolysis ratio/%
1 IPDI-PTMG-E300 2.8
2 IPDI-PTMG-BDO 1.5
3 IPDI-PC-E300 2.1
4 IPDI-PC-BDO 0.8

3 XIS
3.1 X5

KR IR 53 M (Advance 400, [ Bruker 2 ).
ST AR B 2T A (FT-IR, Nicolet-170X B4, SE[E#4
AT ZaF s (Modulated DSC2910, TA 2
A JIEEMERE(GMT R RERIGHL) Hefih A w1
(Eyma, Japan). VUSRI — JCEE(PTMG). FEARERRS
JCEE(PC) i /KW — S JUBR BE (IPDD) . 1,4-T %
(BDO)HI — Fifiii & H1 2% — Ji2 (E300) 4106 1~ _E g Ze IR
et A PR .
3.2 LWHE
3.2.1 #MHAEGE AR

W RREUERAT) IPDI IIANBIZE A bk E . L
AU R TR AT FHEENI OB S,
AME IR IR IR HIE 60 °C. 28N B Eg T
R E S BOK RS — tEE(PTMG, M,=2000; PC,
M,=2000), — 7ol n5e S A TR & o #
N 0.05%1) = A AERR — T AR KR R IR
SEAE 80 ‘CJM 3 h, T JE I HERFR & 1Y EE 77 (BDO
8¢ E300), 13t 23123 B 2 min, BN SR T
TR IABETR) H Tol st s B At 15 310 DU Rl oAS [A) b 28

)% & g M /K B Rl IPDI-PTMG-E300 . IPDI-

PTMG-BDO. IPDI-PC-E300 F IPDI-PC-BDO.
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IPDI-PTMG-E300: 'H NMR (400 MHz, CDCl3) §:
9.10 (1H, OCONH), 7.58 (2H, HNCONH), 3.41 (4H,
OCH,CH,CH,CH,0), 2.10 ~2.60 (9H, SCH; NHC-
CCHs), 1.65 (4H, OCH,CH,CH,CH,0), 1.39 (2H, [CHj3),-
CCH;], 0.92 (3H, CH3;); FT-IR (KBr) v: 2973, 2833, 1680,
1385, 1253, 1109 cm ™ '. Anal. calcd for C 64.05, H 9.85, N
4.51; found C 64.05, H 9.85, N 4.51.

IPDI-PTMG-BDO: 'H NMR (400 MHz, CDCl;) ¢:
9.01 (1H, OCONH), 4.02 (4H, OCOCH,CH,CH,CH,0-
CO), 3.42 (4H, OCH,CH,CH,CH,0), 1.65 (4H, OCH,-
CH,CH,CH,0), 1.39 [2H, (CH;),CCH,], 0.95 (3H, CHy);
FT-IR (KBr) v: 2987, 2943, 2821, 1675, 1423, 1303, 1096,
764 cm™'. Anal. caled for C 65.03, H 10.28, N 3.53; found
C 65.03,H 10.28, N 3.53.

IPDI-PC-E300: 'H NMR (400 MHz, CDCl;) ¢: 9.15
(1H, OCONH), 7.61 (2H, HNCONH), 7.09~7.35 (8H,
ArH), 2.13~2.60 (9H, SCH;, NHCCCH;), 1.39 [2H,
(CH3),CCH;], 0.90 (3H, CHs3); FT-IR (KBr) v: 2978, 2843,
1726, 1698, 1264 cm ™ '. Anal. calcd for C 69.87, H 6.21, N
4.48; found C 69.87, H 6.21, N 4.48.

IPDI-PC-BDO: 'H NMR (400 MHz, CDCl;) 0: 7.98
(1H, OCONH), 7.02~7.36 (8H, ArH), 3.99 (4H, OCO-
CH,CH,CH,CH,0CO), 1.69 (4H, OCOCH,CH,CH,CH,-
0CO), 1.39 [2H, (CH;),CCH;], 0.91 (3H, CH3); FT-IR
(KBr) v: 2954, 2875, 1746, 1443, 1269, 1115, 723 cm™ .
Anal. caled for C 70.72, H 6.71, N 3.51; found C 70.72, H
6.71,N 3.51.

3.2.2  A§ et A 4 5h R (FT-IR)M 4K,

$5 PU BRI BRI I SL0 ARAE DU UV W THE)
W, FCEUTR B ECN 2% M. SR SR E A
i b, R HE T RGP RN £
I EIEATLANIER, A 4 em™ ! HIRECH 16
K, e XA 500~4000 cm .

323 ETBHE #H(DSC)M K

FREL 10~15 mg 1) PU K, SR ZE R4t 2 X,
FEFETE 250 CYoRE N, B NN, T
TN 20 C/min.

324 MAtiARaR AL b E AR K FEN 2

¥ PU BEZJEIERSK 2.0 cm, 7% 0.5 cm, JEZIN 1
mm [ IERE P 7% GB1040-92 8 153 ) A M7 44 7 7
JERE 2%, FIA T RERIEHLEAT IR, iR N Ry
200 mm/min.

3.2.5 KA AWK

H4 PU MPRHE BSGHE Fr K HVE A2 THF b, BRak

FER 5%, TR 1 VAR FE R B B R
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WU RN, R PER - ERERRE. X
B ik A7 0 2 A5 s FL Bk Ay, RSP S = R P
EAE Rt L.
32,6 BhFk

HUH KA AR 20 mL, A0 1 mL JRESECN
2% KoCoOy 1A 45 BT B O Hiit i, HX 10 mL 47t
BN 10 mL 0.9% NaCl iE AT Fike. &0
T PU MBS FREL 3 10, By S5 g, il E T 3 M
ARE R R 7 B2 mL FRE S ECN 3% —
S SR 5t (SI(CH5),CLy) 1 79 R 78 04 1l A Py B
T 150~250 CHMA T/ 6~8 h, FFIMA 10 mL 4=
HEK, MEBELREET 37 CHEIEAKBHEF, 30
min J5MA Q&M BT EETEE M 0.5 mL FEORIE 60
min.

PRI 3 £ Z%487K 10 mL IifsEe AR IR 0.2
mL. FITEXIE 3 r: BLESECN 0.9%/) NaCl ¥ 10
mL, MFB AT 02 mL. ¥ bk i i ik e s
> 5 min(F£3%: 1000 r/min), WL )JZE BRI L
W, KA 721 7068 TR 545 nm Ab I e TR

PU Ff 5 A IUFR RS 32 DL A 5

LR /Y= (Ff S W6 E — BAPER G )/

(BRI P — BRI OB EE) X 100%

3.2.7 MTT i m i Aa 25 b ) 3% 2223

TE S8 FH /IS B 40 it & 2B 3B VE AN, 4 it P 2
PRBE IR I A WS 2T, MTT [3-(4,5- 2 FF 5L -2-1
Me)-2,5- R B IRA DY MR R IR P 22 5 J B H T B
i) F Bt (Formazan)fiiks, 25 $hMR-S R BEVA R 5 N iE (&
.

HARSZIG R FE a0 B Bl 1 5 & R o AR Vs T
CH2CI2 1, FFRH e 77 Nl & RSB R E,
£y CH2C12 e &5k, H LR EEVEHE B /5 N 96
FLEE TR, 4Rl AR AMT ST 10min. HUAE KBS
F/N RGN THEG LI 100 1l 4R
20 wlMTT, 37 ‘C N4k4:04k 4 h. K&l L JETEWR
WegE, FF4ksEinA 150 11 DMSO, BiMiEY 20 min,
2 PSR 250 5 P BEAR I G % 41 55 =4 (1)
HERWAE (OD ), WEHAKN 570 nm. 4 OD i
(IR /INTE B I R4 25 A 44 o 28 B P2
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