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W E: DR SRR EE N BN TR 4 28 R BRI (PEA), 43 51 FI g 107 i — - J R B (IPDI 5% HDI) 5 PEA
HATRTIR, I3 45 S5 R TR IIR Pa, Py, Pag AT Py BIFFT T SRRV 45 KRR B B B HEAE VT (W B AR B A . &5 1
R, BEWAPO TR EEAT 2 N B: BRI S IR, Pia, Py, Pig Al Py 28 B S5 KN RITRE 43 51
4y 337.3,367.6,372.7 1 367.4°C; tH PEA LHEWIZAT LA R TR, Pia, Py, Pig Al Py 2R TR B KB FRINRLEE 2373 4 440.5,
4225, 444.9 F1 482.7 °C. Py TEH AN AT PBS 2P (pH=7.42), 60 d J&i L E Z&H L 40%. B S H67) IPDI

w00, RBEWNRS R ETET, E R R PR,
KR RENE; Bk —RWREE; PR AEE
FE42ES: R318.08 XHEkERIRAD: A

1 W =

AT AW B SR G AR R 2 A DR R B2
Mg B M, REER(PU) LA BB R A R
BRI RE, FOAURME fe P ARG F T8, BEA 2L E AR
MBIt 2 N L MAgUE = kK iEE &
TEVEF. 1988 4F, Bruin 2w YOkt ] R SR B R
TR A AU, AR AT LA R Ak S R I (Lysine
Diisocyanate, LDI)5 HAEAREHH) L-FLIER 5L L1 1R
—&- O BRI SR WA R4S B I AR SR 2, ke T 23 1 %
IR A TR] IR ) A8 B 2R 2R B e A R R
{158 5 (B~40 MPa) 1A K (1) W 24 A1 4. (300%~500%) »
HA BT E . Storey 25BhlE D L-FLIR/ e C
WERI LR PRSI SR = JelE S LDl [ N4 A Bk
RElg, IR, MR B E N B AR
FE R AR R B (45~70 MPa) R ) I 24 i KR
(9%~10%). De Groot %14 18 T JLRT B Ak 1) 5% 2 g b
B, RHEeCCHBBFEREB, Ak — 7 WK N
(Cyclohexane Diisocyanate, CHDD)fERER:, ke H
W BN — AR B O e P A TR ) SR 2 R A R, X
LERPRLI) Z AL AP E A D B e Rk, 2
2515 MGG, AFEAZBIER 2 LN, X
R G AR SR B8 IH S B AICAY, s J, AR 447 SRt 52
Anver. ACTRIY B MR AT AT HAT L AL A 4 1) e M 2R 2 i
WU ) )2 e, R, 8RS S AT A R
gttt AT BAT AT BRAR T, IR B AR A
P57 1y i .

A TAECL S i S SBE RIS S A ek TR 2%

gt BHEA: 2009-01-05, f&[E HER: 2009-03-24

N EHmE: 1009-606X(2009)03-0598-05

T £k 1k SR Wk i (Polyether Amine, PEA), 3% 2 Fhfig i
W — 5% % M B IPDI(Isophorone Diisocyanate) Al
HDI(Hexamethylene Diisocyanate)5 Zfikfié PEA #H4T48
W6 BN, Tl 15 0 25 45 4 PEA R SR IR, 18 ik FATE 7341 (TGA)
F7R ZE 5T (DSCYFIT T 2R & W A5 Al 1 AE
VIR RE. RSP oI NFREE . ISR K
NIEAE R TR AL MR SEm g RS bk,

() I LSS AR AR B A k. A SR AR el B A D) e v o
THARL R G YA LU RER RL T THAA 7 e 1 N

Hi 5t

2.1 FERF SR

WA L BROGHETE SRS A R A W) &
L (L R PR D) BRI R (R T 1
THBAT) . = kR T RS Rkt T
HARAWA TN A ral, 7oK B = 55 0% K
(IPDI). & SHMRER(HDN) Y TV g, i F A s 2%
W, AR FF(Papain, 2.5%x10° Ulg, | PUA IR (1§
J7), HABRFIIY N o Hral, 9256 FH Ky IR E K.

X ds: TG 209 F1 B /3471, DSC 204 F1 Y7
REREAA, IJSM 6700F NT FH# A% (H A HL 1,
JEOL), Nicolet510P £ 4kt 3k A% (KBr [k Jv), Bruker
AC-500 500 MHz % fif 24 % 1151 (CD30D).
2.2 EMAE

7E 100 mL — G- n A 4 mol/L NaOH ¥ 30
mL, & "} 17 mL(0.255 mol), #HFETHE S 30°C,

EH R T T1969-), Z, HilE =M A, mit, @ElEdE, FEMNFELAE W, Tel: 0532-80804919, E-mail: wangwei9612@126.com; T HE,

JHIREER A, E-mail: wangmingh681@sina.com.
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F PA . BRI (PEA) LR IR & 1 S HAE fE 599

H1116.75 mL(0.25 mol) & &1, b 5e Ja k4 60 °C,
PRI N 14 h, 90 28R 2 R S N IR SN RTK
ToK G, EUERR 2 NaCl. 281k 2 O, 153t
WRRIBAR 2-(2- %3t L% E)- 41 20.1 g, K 77.3%. 1E
100 mL = kb i\ NaOH ¥ 15 mL(4 mol/L),
2-(2-5 Kk 2= H)- 2. 15.6 g(0.15 mol), #HitdE T T 50°C
2212 N 13.9 9(0.15 mol) M4 A LE, Np DA N i 2
I8 h, FEHIH CEENE: 3 IR, BT 24 h, 13ikiE
R R Bk PEA.

7E 100 mL — B8 i 30 mL DMF, 16.0 g(%J
0.1 mol 541 IC)PEA, itk N E#iTHE A 60°C, N

NaOH/H,0

A 50 ub — HEERR — T 545, SRS 76 30 min Y3 5.55
9(0.025 mol) IPDI, fril# SN 6 h. g, H LR LlEVE
B, BT, 15 16.75 g A 14 PL(PEA SH4 i
JGAIIPDI B R EE R 4:1), YR 77.7%.

AZ IPDI [ 7351 Poa(PEA 4544 B ITHT IPDI (1 B8
IREGR 10:1)F1 Pig(PEA Z5F 5L 01 IPDI [FIEE R LE
2:1).

LL HDI X% IPDI, &5 T PEA 5 HDI SCEEIER A
W) P,(PEA £5H 5 GA1 HDI [ BEIR LA 4:1).

B R NIRRT R SR,

H

NH OH N
HNT 2 4 g N SN oy

OH
H NaOH/H,O H
L7 CHXCI 2 N o}»*
n HZN/\/N\/\OH+ n o] 2 B — *‘[C)\/ \/\N/\/

2.3 MEEME
2.3.1 #ARENE

FHAATE S BT SO SR A WIRE S B T A 0T, No R
P1, FHEHEA 10 °C/min, JEEE Y = ~700°C.

IR ZE A AT DGR JE VB ] -100~220 'C. T
FEG S0, % DSC i ZesgmiisoR,  ABR 2K 455
SE S5 R, R OIS EIRE R, 5 1 O
R TR AR RREE, NRELIE. BHIR=E
HE, 2 YOMPCKAEEE. FREL 10 mg TEFE S, N,
{57 F (A& 20 mL/min) L 10 °C/min 33 5 M %358 T 44 0
#, FHE#] 130 CHA#IE-50°C, Z G % 200
C, ik DSC Hhk.

2.3.2 HWylEfR

K H AR AR A e AU IR A BE rh B AT i R )
IR P R f S8, K B R E IR pH=7.42
(IR SR 2 s (PBS) Y, BT 3741 C MR KA
H, FEA AR AR RTCRG A N 2 BT K A, O
—BUNE, RS, Ui, B TRERE,

Hz H n
:ﬂi/n\/A\ o=
*+C N/\/
Ho ¢=o0 n
i
I}IH
R
I}IH
OH H Cc=0
* C/L\/N\//\$/\\/O *
*
NN
*

W%,
3 ERLtk

3.1 BREMEMFRIE

I3 R LT A0 1% B % bk 3 A I AC SR A
WIHEAT S5 RIFRAE, S0 ) an F (KInK):

P.. IR(cm™): 3383(0—H, N—H), 2954(C—H, CHj),
2920, 2852(C—H, CH,), 1640(N—H),
1560(—NH—C=0), 1241, 1070(C—0—C); *H-NMR(5,
ppm): 0.808~1.066(m, —CH3), 1.15( 7% % /K il 3¢ L
—CHy—), 1.578(—O0H), 2.172(—NH), 2.665~2.825(m,
N—CH,), 3.256~3.259(m, O—CHy).

P,. IR(cm™): 3396(0—H, N—H), 2930, 2855(C—H,
CH,), 1625(N—H), 1575(—NH—C=0), 1477(C—N),
1254, 1049(C—0—C); *H-NMR(5, ppm): 1.299~1.669(m,
—CHz—), 2.034(—OH), 2.17(—NH—), 2.667~3.119(m,
N—CH,), 3.459~3.955(m, O—CHy).

IR EEIE, SEREEA(—N=C=0)FFiLlF



600 o TLF

(2267 cm )i, DREEE A6 (1640, 1560 cm ™) .
Pya A H B H R B (1 700~1730 cm ), 1T Pyg A1
P, 7E 1700 et Kb T RIS (KB I, X RS S kA
PEA I & %k 5 —N=C=0 X x N, 4
—N=C=0 JLZWBLn, RILA MRS RN D>

N %9 %%
L H RS, IR A1 tH-NMR 15381, &4
W kg ELAG IR 485 ) P S Tk 1 2R TR

2 XEBBEYMAEBES T
Bl 18 Pia, Py, Pig BUFIHHLEEIEL. W 0L, AZIESH

IPDI IR, SRS F U

SRE 5= x7/ERE LRS!
Fig.1 SEM images of polymers
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Fig.2 TG-DTG curves of the polymers Py, P1, P1g and P,

3.3 PEA BERAIAMERE

h TSRS HFEENE, NFES Pia, Py, Pig F
Py HHAT T HRE T, WK 2. BRI, REMES
i ~125 C (1) 3 FE G T A, 2R HE A6 f K I (9 3 FE 7
70~80°C, WRESEHITRAW T ARG R KB
THIFAE R TEL Pra, Py, Pis Fl Py RS K I 2 V0 I {E
200~400°C, H1K%> %A 73.59%, 88.00%, 90.58% Al
75.68%, 2k H I g K I IR BE 43 i R 337.3, 367.6,
3n7ﬁ3m4@ A fE BRI B TR S Y. B
IPDI &340, JEGYIAZEREAL R, WL it 4
L R P Py ITHACIR A G AN, ARl T HAS &
FHIAL, e T e d KT (il B R ACAH ], e A 22
K. Paa, Pq, PigFl Py US43 R 56 3N BEAE 400~500
"CYEH, #5510 16.86%, 8.16%, 9.09%F!1 17.68%,
AAEIT PEA EHERINTR. HANERS], Py KT KA
KIS 306.5°C, 12k 7.83%, Py REHR K
I (KR R 266.7 F1 314.6°C, 2k 11.27%, nlfESEEL

HEFHERIEEEWT A S S, 1X 5 Py A Pyg 21 M R
ORI F RIS, Py RIS WL E 7
HELEE 480 C LA, Py ik B o0 iR 8 500 °C LL LI,
%%a%%%%%i,%%i¢%l%,7%%%ﬁ
I3 i I R B R R

ZERFAHE BRI HT (DSC) A AT LU 52 5 A5 W 1) 4
PEfE, R RAER S P AH 2 B AT A 1k
P1a, P1, Pig #1 P, 1) DSC ik 4 & 3 1755, DSC ih 2k A7 W]
B2R, PipfT 2 MRHAUE(104.90 Fi1 183.91°C), Ml Pia
Hl Py 235 HAE 128.01 1 98.58 CAubfr 1 M, P,
&RENm%@%ﬁLN%W@E%@%&&H@M

A RE AR AT G, AWAE K, 2R B 1)
@& REEH AT, RBREB A A T %,
B ST 2035, #F DSC ik 2B 2 AN Wk
Plee, FEATIEF S BRI, A B ) SR A N Ay A 45T,
R B, FrLl DSC ik I 5L — R A,
Pia, Pi, Pig MIBEESILIE AR FE(Tg) 530 10.12, 9.66,



%31

T A TR (PEA)FE SRR A & ) S P RE 601

8.74°C, Ul Pig<Pi<Pia. RI UL, J¥RLFAKI T, BEAZ ) &
OB, X n] B i T REBL N, MR T 3B
BIFE5H, ATERBLI) S5 b AR /N, DT 3 B0 R o
Ty FEAR. P2 Ty 4 19.69°C, LE Py, WRAAIEIR FEB R
LK Po<Py, XA HESE T HDI HAT X RREE M, 1B S
ToREE, Hlmn T REB 18] i AR L

1 TGA FI DSC 747 rl WL, PEA ZMR AT R 47 1 44
e .
3.4 EYIpERR

S CERIBIMI 71575 5 T R AW ALY B ARAT A
Bl 4 & Py 7EJCHE AT A VAR 18T 7K I 2K B 22 B I
] AR A 2. fE oA ARG, REHRAK,

L% 09l 12801C np |
l 08l 104.90°C )
—_ 183.91°C
2 o7}
; 0.6 - Glass transition:
£ mid: 8.74°C
> 05
o
= 04
g
T 0.3 mid: 10.12°C
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K3 Z4541 DSC ith4k
Fig.3 DSC curves of the polymers

100 d JG R AR 11.2%, (£ ARRE AR, 20
d J5 R EREIE 18%, 40d J51A 35%, 60 d J& it 40%,
TERT 60 d PN, BEMFE RN, 105 R AR R AR S,
100 d HPREFA 46.4%. XAl fig K A T A6 B 2R
Yo KW SE 5y K R ], WA A i A
A%, PUEBIFER K

Kl 5 & Py G REAR G MR BT, AR 10 d S5 2R
SWRTITENT R, 20 d J5 TG IR AR v 24
40, 40 d A LT IR, HERIFLE i3, 60d
Ja 3R, FFHBLILIE, 100 d JE 43240 BN RE
S AT, SRAPIAEA R ARG 4E F R R AR R
T ERY TR W B S KR, &
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Fig.4 Weight loss curves with degradation time for P,
in aqueous buffer with and without enzyme

60d
5 Py AR 14 L
Fig.5 SEM images of P; after various periods of biodegradation
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WIFE KRB AR T R AR, RERIRWINIEME R 482.7°C, BRI E (Tg) 43 il 4 10.12, 9.66, 8.74

5 e, F119.69°C. IAREMKAA RUFMAT T, BEASE
Kl 6 JEANIA IPDI B IR A4 0.005 mg/mL A SREIREE RN, OB T, Tk s

JREE A PBS Sl (pH=7.42) 1 R FE AR BEIN ) (1) At JEE 28 T B 1K

AL, NIRRT Pig<Pi<Pia. A A HI & ) (3) Py FEJC/K ARG () v T B it 2 4%, 100 dl i 2k o

Hhn, ARBCEER, REVMSS GG, L R00 11.2%; MEA /KB N, 20d J5kERH

figh A T T BAEAIR. 1% 18%, 60 d Ji7 i 40%. FNMKHA RUFI A AR IE,
FLBEAZIRA ] B 0, R it ke 4 W A1
. - (4) TERMRPTIAFREE . AR, A
50 - N L/ =N AR — NI
I 7 a T PAG K AR, R s bR
S a0 7?/ AR L. (E e AT AR DO B B 2 IR, 1428
g ol = SR A AL TR b5 T AT S8 2 1 S 52,
g I Cop SE 3L
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4 & i

(1) PAC & SR OWERIFR RS A Rk 4% T
LG IR Tk 1 (PEA), 23 i FH IR — S B2 iR IPDI B8
HDI 5 PEA HEATAZIE, Hil15 1 45 251 FE K.

(2) H TGA 11 DSC W5 T SR MR Iy file ke, 2
B R FE B 2 DN BE: s W 2 5 | ik

HIR T, Paa, P1, Pig 1 Py 2% FE R 5 B AR 4330 Ay
337.3,367.6,372.7 f11367.4°C; i PEA F 554211
R, IR g K IN RELRE 43 71 4 440.5, 422.5, 444.9

Protein Adsorption and Surface Modifying Macromolecules on the
Hydrolytic Degradation of a Poly(ether—urethane) by Cholesterol
Esterase [J]. Biomaterials, 2003, 24(1): 121-130.

Synthesis and Performance of Degradable PEA-based Polyurethane

WANG Wei'?, WANG Ming-hui®, HUANG Xue-qing?

(1. Col. Life Sci. & Pharm. Eng., Nanjing Univ. Technol., Nanjing, Jiangsu 210009, China;
2. Col. Chem. & Mol. Eng., Qingdao Univ. Sci. & Technol., Qingdao, Shandong 266042, China)

Abstract: A linear polyether amine (PEA) was synthesized by ring-opening polymerization using ethylene diamine, 2-chloroethanol and
epoxy chloropropane. PEA was then cross-linked with diisocyanates to produce crosslinkable polymers, P;a, P1, Pig and P,. The
synthesized crosslinkable polyurethanes were characterized by IR and *H-NMR spectra, and their thermal stabilities and degradabilities
were investigated by TG and DSC. Their biodegradabilities were studied in PBS aqueous buffer (pH 7.42) in the presence of papain. The
results showed that the thermal degradation of polymers mainly consisted of two stages: the first weight loss should be due to the break
of amide bond in the polymers, during which the temperatures at the maximum weight loss rate for Py, P1, P, and P, were 337.3, 367.6,
372.7 and 367.4°C respectively; the second weight loss should be due to the break of main chain of PEA, the temperatures at the
maximum weight loss rate for Py, P1, P1g and P, were 440.5, 422.5, 444.9 and 482.7 °C respectively. The weight loss for P, was over
40% in aqueous buffer in the presence of papain after 60 d. The biodegradation rates of polymers decreased when the quantities of
cross-linking agents increased.

Key words: polyurethane; polyurea, degradation; diisocyanates; cross-linking



