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Abstract Thermoplastic polyurethane (TPU) elastomer is widely used in biomedical field because of its good processabil-
ity, mechanical property and biocompatibility. Most TPUs are composed of macromolecular diols as soft segments, diisocya-
nate and chain extenders as hard segments, which provide the elasticity of the matrix and the framework rigidity of the chain
network, respectively. The structural design of chain extender diol/ diamine and diisocyanate is the main method to construct
functional TPUs. Researchers designed and prepared the functional monomers according to the specific clinical scene or us-
age requirements, and developed the corresponding medical TPUs. In this paper, the types and characteristics of macromo-
lecular diols, diisocyanate and chain extenders are introduced. Their unique microphase separation structures are analyzed,
and the relationship between the chemical/physical structure and the final performance is discussed. Then, the research pro-
gress and advanced applications of TPU in biomedicine at home and abroad are summarized. The applications of TPU as
antibacterial, anticoagulant, hydrolytic and oxidation resistant, self-healing and degradable materials are emphasized. Finally,
by summarizing and analyzing various standards of biomedical TPU and its device, the key problems of industrial application
are put forward, and the future development direction of TPU is prospected.
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Figure 2 Schematic diagram of several common diisocyanate mono-
mers and reaction products between isocyanate and different functional
groups
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of TPU medical catheter®. Reprinted with permission from Ref. [39].
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compound®!. Reprinted with permission from Ref. [50]. Copyright ©
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B 7 HTRPUEMPLE: (A)FLHET, (B)ELMAT, (CYKEENTE, (DT
RIES DUk M AR S &, BT R SEUEE. STkt =cE Y
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Figure 7 Anticoagulation mechanism of heparin: (A) antithrombin, (B)
thrombin, (C) long chain heparin, (D) binding of heparin pentasaccharide
with the antithrombin, and (E) formation of ternary complex of heparin

with thrombin and antithrombin®3, Reprinted with permission from Ref.
[63]. Copyright © 2018, Wiley
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3.3.1 @ KM TPU #i%+t 5 4 %

(1) TPU FK AL SR e A 52

Kl 8 B 2 SR B ) K i e S 20067, K S SR i
B )R R B R A1 R A KR S B, 7 A R SR A )
—NBE DU FE (—OH) /R N i, 1M B AR Y 55 — AN B i
FRIR(—COOH). H T P =ik 2R PE, BiX
BRI 23t — 20 E A g At 56 e B B 7K i

[N i i
Ha Ha H H
—O0—C—C >‘—C—O+C }2—0 C—N—R—N—C—0O +  HO

o e}
” H ”
et ——0Q—C—1-C 7—C—OH

o
my oy ol
+ H0+C );O—C—N—R—N—C—O—

B 8 HEARAERIKMER B, T3R5 SCRR67] ML 37 T,
IR © 1973, Wiley
Figure 8 Hydrolysis reaction of poly(ester-urethane)!®’!. Reprinted with

permission from Ref. [67]. Copyright © 1973, Wiley

5391, TPU A% Y S AL P LA AR A
WA UL, SATI, 1 T RS A K AR L 2
RO — ORISR TRREE TPU iR,
R FEBE P R A 2 D LB LR AR, 75
KM R E R .
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Figure 9 Hydrolysis of poly(ether-urethane)

(2)5%ME TPU 7K fi (¥ I8 25 K 7K i TPU P ] % SR

(1) RG> = Jole Fh 2 (R 5 i

R R AN i KAV R T Rl B R = e, X
F R T SRR LG SRR T i K A B A Li S U048 T el
E[(R)-3-4% THREE] (PHB). TN ., B =4
Iy 2B EE, JFREAL TAE 37 CFA pH A 7.4 1)
PBS ZZili ik 6 AN H KRR, 45 3R W, PHB
BE B T BB AL BRI IR, U TR IR

T M R (PIB) SR & e R L A S5 i 7K A A e
PE, HIEE T HARSE R RN, WsmE, SRR
RIIREE . AU R R E. BR THERR
P e £ AR R AR TV R T 5 e T I R B e et
WA LA GV, e /K O A A s 3 B 28 B
I H AT DAL 5 7K A s A 2 5 R IR e 7).

(1)K P

SRR 1) S R 7K PR 0T K A AR e 1k o B AR A,
WIFEE R F ZnRE b I F R S St n, SRAS I R A s
B B K M AR K fi# B8 7. Schindhelm %5 7313
44 -MDI. 14-T MR oG C =R, R¥=
BEANREZE —EHI & 7 TPU. 1F 100 C FEHS5RIUEA
W 28 Ul R A CE AR TP M. BR(2 mol/L HCH) AR (S
mol/L NaOH)EHAIE T, I eI EATK
fRtesE e, SRR, BRI R B B A T LT i K
PE.

(i) EL BN 4G

TPU i B i) & 2k IR R B A < 7], DA REAiTS
Tk BEJE 8], #Ro TR A, R (R &5 gl a5 1
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I RR. XL TR B S RNt by, #R 2 385 43 1 B (R /F
73, 5 8BS 1K AR % AR A EE AR 1) 7K %8, Thomas
g H 4,4-— FFERR PR O3 FBE(HMDI) . 258 6
Ui (P 5 T M5 (HTPBD) LA K [H] 7% — ik (PDA) & R G Bk
MR E G- IR (PUU), 75 MRS U3 VR 1% h 2% v i
WIRINEIET, BER T 2R SRR e e, I
HAze v 5 HMDI.HTPBD Al 1,4- 7 —FEH] & & 5
R i 2 SR = R R K iAo MR R AT T . 5 PUU M
bb, 2 F IR IR 25 SR 2 I b AP 1 ol P R 3 T 1
RAETHEA, 1 PUU NIRBLAAG e, X
PUU A RIIRIEERE R, em T aBE, If
SR8 T 0K A AR RE

3.3.2 &FKRME TPU #9357t 5 & m

(1) TPU S ALHLH]

TPU M EH I WAE/ N NAR P G, 2315 K RRE Y,
FEEYM . EVRA ARG T AR R T, X et 2
BERBUH AL B B, FHRCRARS T FER H R, N
M5 R BB, R, AEEAYP SRR
RAESBE FEMN, ZIHWASHRERSTANEZ
F] R AR LA FHUSY. anfEfd 48 SRS LR, 4
SR TR SR =1, H5 N AL 2k
4 Haber-Weiss [V, 774 HOF /8 14 JE. HOH AN
ST R G ER I AL, T HaO2/CoClL MBI Ay 2
Inig AR E A R AR A

Co*"+H0,—Co**+HO +HO-

SR Tk 750 R 5 ok T i 28 RS e b A B R R R B BE
FIRk B ) LA AR« BV 4H i 5K Ho02/CoCly R G0 TR LI
T T R R A A B A B RO, G R R SR T A
Foe At 22 2 55 A B () SR B A DG, T I AR o N SR Tk
B R o- M F R ) — N AR T, TR B
S A AN EOY B 4R, R — b AR, X
FE, TR EI/K R 2 S SUCRE R 85 2 B BRI, [RI — /)
oy EEE ARt S S AL 5 RS S, A SES T
BEAZHR. 7T, PR AT SRR IR R B R R L
o-EFIEEE T, FEiE— 2D R BLTE Y 4 8 DL K
Wi, H o 8 0 R /K 5 20 58 o IR T WO 5 T2 ol I 0 R
PR, SEORER TR AN R Ik A S A e b T B B, TE R B
V) PNt T 6 52 2103 1 U R i R 2E B AR, 480 E R A
RAHEFREG AR A o FEER T, HO-S55EH H
FRGE BT R RORLYE [P R P R . T B Y 4 I 1) 4
K R 2> 5 BT RE 5 T8 RO B 1 02 R R R IR ity
HE, IXFERUE R AR A 5 IR TV R 25 1z

Zhao ZEUTVG HILAE G A IROKS B 387 1) SR R i 3 T
HIRLL, T ERAL IR IR AR RS R MIX R
T IR AT B T DU BN, S B X R T 4L A 5
FeER A A B R AN AL o A B Tk 5 e k11 B 451
R, BB VU SR I R B R R 1364 om ! RS,
1670 cm ™' A1 1255 em ! A LIR30, RUTH TR, BEsff
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S = A R, P A DT A R Tk 1 I R R S 5 B A
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()54 TPU &AL R R S s A sk mgs

SRk R T 2 5% R () P A AL AR e AL T SRk 2 5
Z M. Hiltner 55U J0 1 7 &b Ak 1 58 Tk 2 2% 2 I
(Elasthane™ 80 A)FIZKE AL NS 1 5K A i (Bionate® 80 A)
7E 20% H,0,/0.1 mol/L CoCly ¥ F 1A 24 d HIKSMNE,
TeBEfR. 25 FFRE, RN 3R 2 N b AR i /> o Bk
fR AR 2 LR B R S o . SRR R SR A e
U SR A AR e T 3 A R T L RS 1 B R T .

Faust SE78Mg1 B 58 53 T 0 — o s (PIB) A 5 DY S Mk
VERBREERL, MDI F1 1,4- T FE/E NTEEERL, AT 2
T PIB ) TPU. #7E 50 ‘CF 0.1 mol/L CoCl, F1 20%
Ho0, W VPG T FL A A AR e . 5 3 i fb xd B4
Pellethane™ 2363-55D Al 2363-80A AL, ZidiAksE
12 i J5, £ PIB MR ZEE M E &IAE T 6%~10%,
1] Pellethane™ & FRIEL) O BN 5EF4AR. 12 B 53
T PIB 5 & s 4 fd 98 B2 R B 10% ~ 30%, 1M
Pellethane™ 5 % Fg i fz fH 58 2 F F&F 100%. FIHEH-F
BB (SEM) 45 R EIR, 7E 2 A J5 Pellethane™ 5 & fig
B E R, 1T PIB RN R I ES: %
A, BEER B R AR SEM [ S50 4f S 3 B 2k
F PIB HIRZ BRI H B i A v,

ISINPTEARRE AT AE W] TPU A py sl fk
HPPEAAE. Hiltner S S 45 LR W], 4E4EZ E v LURNER
ik 2 i AR R AR SR AL L Santowhite™ 471 48071 BE A AL 4t
ALbie.

34 BEE TPURHIZERNA

AR, HET AN BB S MR R R AR R,
IR Z ShABERHE R LA BRRE RO T, BIAT 58 ik
SEEE WS S B AR RO, R, S X AARN
Iy MR A A I 5 PR AR (1 RE DR &
THIRMEE %, RABFE LRGN,
REMBRE TPU BCAZIAEA R RIRSZ N8 H 11—
KL AR, X BARZE 5 i 20 2 i ) B R L R %
LI E BRI R B, AL EE R I RRT R
MR, RKEAREIELMETI T AN A &
é[81»82].

ORI R LA

fi5—& 3 F R ik % 41 (—C =N—OCONH—) & 3%
P R i 2 [ R S0 e 6 P A Rl IV e e ) s 1P Ak 2%
BHIATRE, G 550 i s A e R, 2R T AR Ak
-2 5 IR L BRSE ), ek, f5-2 2t R 4. l5 2
Hg sl NBI R WS, HTHRABERGY, R
N RRIERE. WEERERF R T —MAAERE
ARSI R R R 2, - 3 R SRR
(PDOU), Filiid 7 W F 3 R 5 4 % 5% (MDHA), 5K
P BeAL I 28 0K 5). PDOU T i 3h 25 i — 2 5 F G Tis
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S A1 RH AT 300 S R E AR 1 AZ B RE FE ATIEAR TT |
it, JEELETAMERRE, R FRITTRME A a&%s
PE.

Q)& ittt B2 5 R AN

TR T DL AREOE R R R AR T E
JNE, IR AR R DR AR R A 25 1 R kAT,
Pt 5l N B8 R A PR F0 A S, kR R SR SO
8T B AN B AR 5 v 4 AR, A
RIS IR ARE, AT DLIE I 2h A4 1 i R S
I R AR BN 2T R A TR AR, 85T A s ) % R e
o BRI R R e, HA A 38 MPa [ g FE AN
PR BB R, SRANE A 1) B 3 A SR S A E
il % K M T Rl L AT A5 88 = 448 R S TE TR
(B A AT B A I T, e U vk EE AN T ) i RR T
BE RGN AT v AR REWI LG LB BE.

Q)& R E A B E KA

SIRBLA B SR S T 5 A VAR ER 71, '
e A T S B AD SLAN HE 2 TR). O AR RN g 28T
ET&EE TR R T —Mar iz a8 R b
AL, HAFWESEZHREHE TSR
BB A S E A IO E B AT BREE M 1 R R, oK
LT e BB 1 B RN v 8 B 18 PR BRI SR A B P A
MR ShELEEK TPU, Pk aaE ik 1.8
MPa. TERHEIH G KEM IS, T99REE7E 30 min
WA BRI K EARAS. ¥ TPU MR I 5 Pf s, =
BT 48 h JFRIFTIA R 98%ME & 3%,

DD T HEERAN

AT LR shASbE g, v A s R 2wt e
L BEAE F A = 2 T REM Y HICR SEI. o, HarT1E
F R v T B s AR . s U &
SUHE ) IR FE L e B (UPy) S5 i 12 M T %R BB E
MRMA R, R T AR T BB E R B 5k
1B SR S8R F ZE I HE TR L ] (Donor, D Y25 #4),
I FH G0 Rae 20 - 52 AR J ] (Acceptor, A &5, If
VXA RE N BE), M T DEME A M E
ZF I L EE(DA-PU), 11l 10 fizs. JERLX R 2145
FIBETE, BERE SEELAY FHEVE VAR AR S NI &
FF WA TSR TPU, MR K A s
Re 1, WHAEBEMMEN S %R . Fla,
¥ DA-PU FEZHAHE] 1200% 8 38 3 4E4F 20 h, HEE
RRBEE T 35.7%. HRFERBMEE 60 CHRHE)T,
FE 2% (K m] PR [ 48 SR UG K B 1) 89.3%, JF H %
PERETS 2 T BRI iE K.
3.5 TAIREAR TPU WHIE R A

WIRTFTIA, 7ERABS A SeBLrT PR AR Th e, 32
B2 I 5] N AT B AR I SRR R B R S I S0, R )
R BAIE AEE R AR (PLLA), O WER(PCL), &
KFEMREG(IA), PLAKBEERR, WRC R T
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Figure 10 Supramolecular self-healing polyurethane materials®®!. Re-
printed with permission from Ref. [88]. Copyright © 2021 Wiley

(PBA)ZEO0L bk, A5 /b i SR 1k ) 5 215 e 8 SE L
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o 5 E B ORI IR R R i n, (g
KT HRRRE R R, AR g TPU N E
Bz L. DAE R ZEIR RN SCHR COH% 45 1 44 3 7] [
TPU MEME TRV HIRIR. RIS EARZER S, BAT
T O T A R T AR O I S A A R AR P S A
AMOBEET R . A H AT, BRI A T 2
WARMR D, (HZ TR AT FRfE TPU AR 7 ARRI H 2
RIEEHAFITT ).
3.5.1  FHARA T M8 TPU 44+

W IE AR T A5 (DMG) - A gt I [ 7 i
fif 75 = 5 DA B 38 DU S8R IR (PTMG ) A S K Bl — 53 LR
g (IPDI) & Bk, & Ak T SR BY T AR W B AR 0 B 5 3R
TR AE AR RE(SHEs). o mT B At 3 BORIE T 5 -5
FEHR BB R KA. SRR, FrA R SHEs A #iEE
BE1E PBS S0ty h R AEAEVIBRIRAT N, 1Ak, 1555
RABE A B P  BALH, ZMRE R RIE TR
PINUAR SRR, i {4158 B 0T 7E 33 kPa £ 4.383 MPa Z |1,
P EAE ] 7E 172 kPa $] 3.724 MPa 2 [A)33E47 R IE 5.
FIFHX RIS, % BITE ES R IRTT . a6
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B [ B S LA T AT T ORVEE IR A . SHEs 1 H
AT DABE S PR S A AE, SEIl T TR AR bk S
BRI, SHEs #BFAf DR 8 & 14 B 4 AL S
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AR B SE RAE T, EIRN AR, TEHEES
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PR3 E 5107 H A L. TR = i T 2R 47 P A
871 XK R G PR ST R T 4L SE A Rtk
352 KM TEM TPU AREAEER ST 7 @6
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FHHRTESHITCE ZNHT ARG, O
B I AN AN 112N 1195 SO 11 =1 Y% o AP
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gk A R AEP2R H AT B AR I SR L BB(PCL) LA R R
TR T ZEEBR(PBAVE K B, il £ T AT R AR 1 SR I 2
TPU. RUNKH T & ZWise 104 8 W (4-F2 28 — 2%
“HiBFHPS), FTlliZ TPU tHEH HBEMRE. AFET
W DL ) TG S TR SR B A X (2 3R D AUk I Ik A X)), SR
LTI B AR X P AR A A 4 i s 4, DRI g2
A PERE AL T R mE R SR A B A, SRR 4G AT
NZBNREEB D T 451 FEMA S ESR R,
T &5 i Bt 2 S o Sk s i ) 2= AT B R PERE. PCL 5
PBA & F A 0T LARE AR R B AR, HIWT4S dh. (HPE
(1) 45 e e 0 LA S 20 P 22 S K, PCL AR BRI
PBA UFH T MIAE. 3 5 Fh 40 4 1F 57 AT A 4% AT [
fRE R B P Ve S ERE R ] R AR BE 1A D LA, (&
pH B4 14 BRHEIE T, AR A FEB B  R =
AR (AL-PU) R DA SR IE  BR A 1 7 1E A o
i, AL-PU REBBIRFF R UG pOMifcERe. #ilan, fE4d
NG GUT 2 AR 0 12 d InigEZAb)s, AL-PU
M7 MR, S B R VAR DL ) 2= M R S I IR
e,

4 [EHR TPU X E#HEIEMN

R4 (I1SO 10993-1-2018) / {GB/T 16886.1-2011 &
ITEMAEY VR 56 1 o KB EEIE AR PR
XIS BIHE, X TPU ML/ #8 b A8 FH 2Lk, 8% HL
P 5 N A )4 fuk 07 20 DA S B[R], 4600 O
fil FOHRE A B AR DR Bk 5 N\ AR B i 3] 23 39108 24 h
M. 24 h %30 d it 30 d. tbsh, WRIEEM TPU 44
L/ # Bk 73 3 N A DL AE N AR R/ A N B ] K
AR AN F M A AR, BiAGREgiEEtE. 2
B RBECE RO A SRR (R ) AR R (T
SRR, BEEE. BN MBARENE. ST s
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NAZ . FATSRE . 100% AR RARR /) #isR A, {5
PERETEAR IR T X A IR RV BRBEEE . 28K
BRIt &8 BT UL R I R AN G B A R

5 REERE

ALER M TPU AL 226 . BRdL 7y STEREMI S AR
et L S N BA S TPU SREEST 3T 755 7
M2 MEXER TPU MERHT R, @i K7 =
JUIE . SRR EE DU N = ARk SR et A
53 EeBI DL R T2 80k A7 T, o] LASRIS AN R PR RE A1)
AEfY TPU. &1 ZhAetk TPU BB SR, ALk F 5
AT TPU fEHTE . Puktii . mKm/AEL. BBELL
5 R oA g 5 75 T RO A) S SRS B I FH (T Tk e

B SRR I PR A 75 SR 1 H 28 2R st Xt
ExH TPU Ihefb Al st ReAL I S SR 75 ZEAR RN
KRR BEFEET LT U ARKER TPU R &
(1) 2 U 7 7 1) AR 22 F 4 1

(WFEPUE A TPU BB TEr, H AT R SR 3 5t
FHHEThRE R —Fh, ThEeEoN R —, HRLER R REIE
AR AR i AOREP X BEm R TPU [
FORE BN AT AR R, 41 B AR KT I R PE pHL B A5
IREE A A K fl e Th e A SR =B B 3R T E 286 P 5 % B
IhEeIa% T U, X¥h TPU oKk 54T (2B A 25 1
ETNE e
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PEHE IR _ERIRTE N, 2280 A w2,
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AR M, R AR E B MR R AR
BRI PR B AR I e 0. I SR % 1T B SR S A ek
I A AR (RIS 32 RO AT B R R A A 2 A B
ANTTHR IR A, 338 i s e LA {5

EE RN
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A&, LA 2016 £, 2019 S 4R KA TR
XFELFEF LR IFEMESE 2021 SHATERFER KA
BRSO L. 2 2R T AN ER
Be b ERILE R EHE.

Ak, FEAFRKER ALEH T 2021 £F F
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P

REB, TEAHFRTEAMBRAKRE TRARHARRA,
Ak 55, 2008 28 b ARG T 2 e, AP

http://sioc-journal.cn 1445



oF ¥ R

HEFFCH RGN TRFRAERRALT. ZEHRTTH
w4 RABE D Re A RABANNEKE T EMR.

sEd, TEHZRKALACEHRLHALR, HE
4§06 2011 F A PHRERKRARHT KBS F L2, Nk T
HEHFEaHRstcs R RELRA “Fixgd” 0. £
EHRFTOAERNBABS RS R, EASH>TFH
HERE.
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