—_
=t

O

(1

FUA
F

] & No.9
2012 49 J ACTA POLYMERICA SINICA Sep., 2012
= ey o ¥
2% -BEEESKEREE R MEENR
#“EEH-BROEE &K
KEHE AR EEET
CEBRFA TR G THRLMA TS SRE A0 230039)
i E VDRI ZE(PEG) REANM B (PPG) 5 i /REW — 5 FUER G5 (IPDI) A 3= 22 JFURk i £ ¢ 2 s 1

RAA(PU) , 522 R & HREEW (SF) 22Tk i 1% 22 2 8 B -R AW (SF-PU) & 5K BERE. 70 AU FIHT ATR (SEM X 7K
TG B 2H I 5 A T RO T S50 AT AL ; DSC W K ¥ i M 6 T 22 33 11 45 SR ZUAR 1 BT & L (SF/PU) LA R 2R
S T A R 4K BB B L (PEG/PPG) % SF-PU K B e B 14E fif L 9 JIK 1 BE 19 52 ). 45 SR R B, SF-PU JK B e B AY
Z LG e TR TE] B SE/PU (PEG/PPG 1% b1k B4 B 1 10 e 70 3 2 295 i B2 i T P R 7 A2 3 i, L 0K
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70 WA 2 T 30 S IR F S i AR AR T
IR 22 2 A DL ROK BRI B REAR S  BE Ak
PERE (AT U 45 Pk A5 AR Sk, R 2R K T £ T BE
PEG Fl PPG 1Ehy 32 2 1 Bt \IPDI 1E Jhy i Bt 5 L3R
SR TR, P B 5 22 R K Wk A A8 R
Y o H B B Y 22 28 8 1 - R =R 2 G K BEK .
X H RO TE 50 2 RE W K kAT SR AT T
¥, B e A R N TR AZ R A R EEK i
DS 0 8 43 1 K BE I, I Sy H il — 20 AR A
1 R A — 5 ) FT e LAl

1 WS

1.1 7 AL Es

RO ZEE(PEG, M, =2000) , I [ 2 4 A
b2 R A 2F R B (T-9) , B 7] —
J 73 = HE(TEA) ) Bl 784k Tk R — 46 —
" EE(DEG), BMEAL T =) ;R AN, LI [ 24
AR A2 R A BR 2 ) 5 TR AR R SR T e Ak T
AR UL R Boh rr al. AN B
(N-220,PPG) , g 54 L Ak T 5 5 /R il — 57 50 R
fig (IPDI) ,Bayer; —¥¢ H LN iR (DMPA ) , Jb 50 bk
FROKS A0 8T A1 BT BR A W) 5 NI (Ac) , i H AL
TARAR. LB URRE R Tl 4. #x a1 (/UK
Wp RZER L) s EmAT LS Bk, B TR
8000 ~ 14000.

KDC-16H 7 &5 3 5.0 L CBF R A8 43 4 B
73 H) ) 5 Nexus-870 U fif HL i A% J 21 4 S % 1Y
(FTIR, 32 [# Nicolet {{#§ /A 7] ) ;S-4800 Al Hy
% (SEM, Japan ) ; TA-50 %I 2% 75 49 4 £ #44% ( DSC,

HA B HEA ).
1.2 ZWHE
1.2.1 22 ZE KW (SF) 1 i i
Bt E T 0.5 wt% (19 Na, CO, iAW
Ak 30 min, ARG, BEBR 22 1. FH 2848 K
VEBOGE J57E 30°C T T, B 8 2 R4 4E. SR
fiftF 9.5 mol/L WAL BRI W b, £ 3 Uk, B AT,
B SRR EEL N 5.0 wt% (1) SF K.
1.2.2 REFRWRMAE(PU) WA K
TET R0 N OR3P B TPDILLJB K S 1Y PEG |
PPG 4% — & WA (PEG/PPG ) Jil A% A 1 $E AT Vil
FETE IR B B LR R R R IR A S
JE FHR % 85°C iR 2 h. SR JF R IR 2 60°C , AT
Y DMPA, DEG, Ac L K i 4k 5] T-9, 14 £ 78
65°C J I % 5 45, R FH L OE T B i a2 vk 0 a2 vk B
f—NCO & 1 7k B LR (8 B Ay S 26 0. B Jm B
T2 40°C I AT & TEA FofnsiEh 154 21 2 2 7l

Rk
1.2.3 22FEA-RABRE 5 KEER (SF-PU) 1
il #

W — VR BE 1Y SF K B WCFT PU 3 58 1k 4 IR
—E [T H (FH SF/PU i) 78 S5l B 1 rp LR
PR PR R R0 2P A2 Bk, 15 3] SF-PU & & K &t
JiE. FERE LS A A S, U N 7R R B oK R
B 3 K B R SN /3 SR R 40°C B A
T, & . 4 VA R R OB A
PEG/PPG LI & SF/PU f K /Nl £ — %1 /K B e
FEah, BRI 1 Fos.

Table 1  Various proportions of PEG/PPG and SF/PU for the preparation of SF-PU hydrogels

Samples SF-PU1 SF-PU2 SF-PU3 SF-PU4 SF-PUS SF-PU6 SF-PU7 SF-PUS8
PEG/PPG (W/W) 1/1 1/1 1/1 1/1 3/1 2/1 172 173
SF/PU (W/W) 1/15 1/25 1/30 1/35 1/25 1/25 1/25 1/25

1.3 MERERTE
1301 A S7 i 78 e 3 9 4 B 5 40 A0 O 3% X
(ATR)

K T BE IR it ) T 22 B, 28 £ T A L R
Ha T R Nexus-870 B {# B i 728 i 27 4p 2k
DTG SO 2 G 9 4 S 5 21 A3, S R TE L
4000 ~400 cm ™' /FEEE 2 em .

1.3.2 JKEERIE A MEE (SEM)

1 35 B P i 2K BE IS AE 0°C T oK B

Ab PR LA T4 ok FL IR T, ) S4800 24 45

i P B8 UL B8 LMD TR 50, s L e 5.0 kY.
1.3.3 k&AM (DSC)

K TA-50 722 7 4 1 PRASOREAE it iR A7 3
PEREIL. 76 N, SAUORAP R 8 T 8E AL & LA 10
K/min F+{f % 100°C , fH i 5 min, 31X 10 K/min
iR 3] - 80°C , 1HTEL 5 min, LAY AR G307 s | Bk
J& LA 10 K/min $ 4 5 FHIE 2 100°C, 30 S HE i —
Yk DSC i1 4.

1.3.4 JKEEWW KR RAT IR H
BEHFR B I AR T 8 AT TR (W) =
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TR AER Tk, 18] B8 — B ) 3 ] g 4R
WTREME RS FREW,), L E 2 ik
BN (W) - [R]— 7K B e R it BB AL 8 R = 41
HEAT AT I, 11950 4% 4 9 T 7K 5 ik B SR - 1
K He ESR, 33K H 7 SR, 22 i v K L B i ) 28
fhth 2k SR-t, Horp (SR = (W, - W,) /W, x100% .

2 HR5IE

2.1 TFEE ATR GHRAE

F1 gk a, b 4 e 2 2 B A BT LS K
EEIE 1 4 B Y 2140 6% (DL SF-PU 2 5 K i oy
). Af LAWLEE R, 7E 3310 em ' Ab A — 9 W ST
98 F 22 AR AR b Ak N—H i 45 9z
BI04 1658 1548 1 1242 em ' b W i I 4K Yk
R T (C =0 figdRzh) Bk I (N—H 748
&) R e I (C—N iR 2h ) f ol , 9 )8 T
22 F R oW 4 H R A 06 51629 ,1531 em T 4k
W SOV U1 T T B4 S 45 A RRAE A R R T Lk B T
(R RRAIE 0, 2 P 7K 358 I b A A 0 P A 78 1) 22 R AR
B He ik a, b R L, 200 2B AL B S 1E
1629 em ™' Azb 1ty W Wi 06 A S58 156 iR 52 e HH I G o
22 RE A 10 - S A5G 1 #2972 ,2921
12872 cm ™" b Y W% I 43 51 S —CH, —CH, I
— CH, 1) 81 45 9% 3h W% g 51730 1 1701 em ' 4b 06
Sy ISR T A r B I R0 AR 4 A Bk I 0 4R R
B, 7F 1643 em ' 72 A7 by IR B Rk R R A I A 0
1110 em ™" g N2 C—O0—C {9 {d 45 ¥ 3 W i 0,
R BB 4 45 F RRE . BE Ak, 7E 2238 em T Ak
A H B 0 5B PU TSR 44 8% B A —NCO
FEPH B 28 B 58 4. ATR 3% (&1 25 W, 5% 40 1 791 2R
A 55 7K FH A B R DR ik 11 5 i AR AR, AT L 4
FERESZZEARAELW N, 158 T /54

a

1643 1629 b

3500 3000 2500 2000 1500 1000
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Fig. 1 ATR spectra of hydrogels of SF-PU 2 for (a)

untreated and (b) treated with ethanol

W25 H ) SF-PU & 4G 7K EE L.
2.2 KEEMBUEESSH

SF-PU 7K #E Ji& A% 5 WK B IK e, a3t oK &
it A Tk 7K Ak B O 02 T M i DT T U S5 A
Kl 2i(a), (b) B, BITh A LUF WL, 20t ik 3
Ja W B B A R 2 fLE5 . A6 SF/PU Eb 6]
MK BERE (a) , (b) Ko, Bl % 7K BE R 22 2 8 1
il = g1 T G W (T S B N G A [ 7o e e
A3 8 R ALAR I AL FRAS R AR B &, £L 42 K /INFE 50
~300 pwm Z [a], A E Ry /N g3 i K i A
o HAR SRR E K R R R T —
IS5 BT . 22 R S R AR P A KR or 75
22 V) 380 3ok A2 HR R 4 45 I T i 5 B 1Y) K B I 4R
TEWOR SIS, K 534 5 LA oK FEs & K 0
TR AFTE T oK EE IS b, 2838 oK & B2 B K 4 ¥ I
G T AE AR T R v s Y L 3 B A
14 522 30 Ot B 7K B e 1 22 FLIE 0.

Fig. 2 SEM photographs of hydrogels: (a) SF-PU 1 and
(b) SF-PU 2

2.3 SFHAHEER PU K bk i 3¢ T 5 g #%
fE B =2 1

AN TR 43 EbAG) T B e A i 1Y) DSC il 2 ] 3
Firos , AT LA S 2, BE A S AE T = = 50°C [ i i
M—A B 0 B s AL AR IR B T, , JF BB & FE
h SF F i By R S PG OR e . il T SF
T e 173°C A7 K BRI h SF 24 0r & /AR, A8
ATE N, A9 7E 2. 78% ~3. 85% 2 |a]. i@ i Fox J7
R AT AL, SR Y T R AR AE L Y IR AR R
I I A R B A AR AR N IR OKEER ) T, 5
PU H 5p #4530, OF HLBEE SF & 28 {7 A= /NI
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Fig. 3 DSC heating curves of hydrogels with different

SF/PU and PEG/PPG proportions

BE RS ST A A AR LA AT, R i SF 5
PU W4 0 B 4 O AH 25 0. k4, SF-PU 1 ~ 6 40 il
RN K BERAE T = 32°C £ 45 0 B /N 1 45
W, JHL 5 il e AR TR i R b b S B A IR
SRR IF B & PEG/PPG il /N i i 42 /)N
IEER RN

i DSC £k rgs il W A 0 T R T A5 31 T
JE S AU As R A% AH L, B R 20T 5K I h PEG
MIZh X, X, = AH,/(AH_ - w) x100% , X
AH Ry b 32 BE (45 @ B 100% ) 1) 6 fl 44, 154
1/g" Jw g PEG B Bt 4080, e H 45 181 T3 2
W B 7, SF-PU T8RP PEG 1945 5 PE RE 4%
22 BN SF & ik 5l /b PEG/PPG 35 n] B IR L 45 &b
B 24 PEG/PPG =1/2 i}, 45 By B[ K 0.

Table 2 The crystallinity of PEG in various compositions of hydrogels

Samples SF-PU 1 SF-PU 2 SF-PU 3 SF-PU 4 SF-PU 5 SF-PU 6
T, i (C) 30.2 31.6 32.8 33.5 33.4 32.7
AH, (J-g™") 1.8 2.0 2.1 2.5 9.1 6.1
wppe (%) 29. 4 30. 1 30.3 30.5 45.2 40.2
X, (%) 3.9 4.3 4.4 5.3 13.0 9.9

T 22 R 5 REE TR AR S B B — 4
I I 45 45 ¥ vh , SF 43 F K& 1 1) —CONH— 5
PU 434 1 (1) — OCONH— 45 4 1 ik [ 2 [|] w]
LK B 1 SR T ELBE % SF 237 £ 38 o 1) 24 22 Bk %
JER Wi 3 K, 4 T4 i B 32 B BE A, K i
T, 10 =5 X % 8l PEG 55 B i 25 32 IR 5 55 — O
Ifi, BT PU BB 5] A A7 H L S BE (W PPG &%
Be, HORXI FR &5 M B8R T PEG 43 T4 19 B0 B 1k
HE— L BEAR T PEG 25 & B, Ytk PPG 45 Bk =
2R B 4 A Ok
2.4 KERWABKITHRR
2.4. 1 ORI 43 7K B8 JE 1 WK 75 ik P e

K4 R R TR 20 0 7K 8 e (R 5 K L (SR)
B Vs B ] (o) (28 £0 G R T K ity 28 48 1R A5 A v
B B, 75U A 3 K I 1 I K S i R P,
ik 24 h ZJ5 , SR B K AR 28 1 5 3k B0 KO- il
2 SF-PU 1 ~4 75,4 SF/PU M 1/15 % 1/35
if, HOF- 777 Bk Hb ESR M 382% 751 436% , i
B 7K B8 M 1) 75 K B Bt 25 ST 55 ik 1 0 T 3% 7 AR A1
SF-PU 2,6 ~ 8 [ £ 48 {32 W , Bl % 7K 55 g v o
K HESE B PEG &7 (35 i, ¥ K T 7K B8 7 A W7 14
i, AR RN Y PEG/PPG = 1/3 B 5 /K P AH Xt
S  PPG £ Bt o = 2 43, H ESR O 253%

M4 PEG/PPG =2/1 i, ESR | F} 3| 440% . it
4h,SF-PU 5 57K BEfE Y ESR AT A 1116% ,{H )2
TEV V-1 F5 08 B2 R A BCRTE R 3 . DL 42
JERMWT, BGRB8 4y B B SR K MR 55
Je FoFr g J& 52 ) SF-PU 7K B I W 7K %5 Bk 14 fiE 19

500
400 -
S
2 300f
&
én —o— SF-PU 1
% 200 - —o— SF-PU 2
% —— SF-PU 3
—— SF-PU 4
100 3 —+— SF-PU 6
$ —>— SF-PU 7
0L, . L L = SE-PUB
0 24 48 72 96 120 144
Time (h)

Fig. 4 Effect of different SF/PU and PEG/PPG

proportions on the swelling ratio of hydrogels at room

temperature

SF-PU JK BE 15 Hh 73 % ) 1 058 7 A ) 2
G LR JR S TR 1 = 4 T 45 25 4, 76 WK I K o R
W, —J7 T, 7K 53 538 8 B K B 19 2% 1A T A HL A
FRIZ MK 518 e 2R ) — 2 ) 2 (6 8 5 5 — D i, =
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Y ) 24 52 B SR WA T 08 AR A IO 28 A i 4 1 s
s 21 P AR AR BRI I K B e A B ik T
i MK BRI SF A AR MR R S
B TR, = 4E P28 S5 K AR B AL | K BE IR
TEVAR T 2% EA TR A AR, AT LAN T £
17K 53, e B R WK ik be i 4 5. A B, 24 SF
338 Z2 W A FRACHE B K, S Ik T 9 A AR
B AR oy FEER AR 22 IR T m R 1
HE 132 Bl RIS 3t , 26 B0 A I 7K 5 K EE T R

2.4.2  JKEERE 0 W KT K Bl 01 S LR 5

it — R BN R SF/PU .PEG/PPG 414y I
% 7K B8 S i K 30 77 7 B 52 W, 43 B AR 4 Fickian
PHE A Schott R IR K IS 1 X S 06 K i
AT A AT AL 3L RN [R) 40 43 SF-PU & & 7K BE IE
()75 i AL 2.

Fickian §" B8R0 5 i b B2 40y 3 20 TR
IRy 10 28 R ) = 4 i 43 1 V4 7B = 43 i
SR B A 5K o 1R AU A AT e AR K
AE R, S B0 4 55 =2 18] 2Rk KA 1 FH AL 5t 5
Oy TR R R p

FEIKEERE I TG B Be (W 2 M /M, <0.6)
i, B s A ] T AR . =R

W OSBS5BI DL n SRR (Ink S 8RR (9
HZ :Inf=Ink +nlne, X f=M /M, M1 M, 5y
S A BsF T] o RIS K YA B 7K B I i T K B sk Dy

Vs B 2R B, AR R M S SR R R 50 h Y
BOHLIE 9 R e 50 24 n<0.5 B, K F B 3
FF& Fickian §HBUBIRL, GBS /N7 97 H0H 2R 38 /)
TR 4 Beba i iz 3h il %, /N o T HiGE D
VERL;# n A F 0.5 ~ 1.0 Z i), KA T4 ik %
5Ky F BE RN it 3R A 24, JE T non-Fickian 37
B2 n=1.0 B, J&8 1 K40 4 A% it 4% ) 2o 7.

XFIE 4 A R 20 43 oK BE S SR- B8R 2 M
PUA TG B A R AP I R AT i 5 BR
23 A LK KB 12 S8 i kB,
IKEEE Y SF £ dtAH XS 3 A, n (34 /NF 0.5, 40
SF-PU 2,3 ,4 21 it/ , UL W i T 1Ak R 38 k9% i 4%
AN R HERS AR, ) 46 5 i o R S 2 K
TP O R AR ], B EAE Fickian §7HL; X4 SF/
PU S fin 2 1715 B, B G SCBE 92 23S K, K4 1
BOAS it 2s [l gl /), [ B 7K 43 7 97 iz sl 32 3 —
S R B BH B, 7K BE IS W) 46 5 K AT O A ) T Non-
Fickian 4" #{. 4 5 K M 4% Bt PEG/PPG [ b #i]
AR B 3 25 KM R Ay B B X WK A K
TS £ FAE R, A 20 SF R Z (158 43 5%
PEG/PPG 4 W K 2/1, 1/1 i ¥ Bk o 72 8 F
Fickian ¥ 8%, 40 2,6 5% 5 ff 7~ ; i 46 SF-PU 7,8
Wiz th PPG 4 1y & & 8 £, /K &E BE i ik 17] Non-
Fickian By H AR .

Table 3 The kinetic parameters for hydrogels with various compositions

Samples SF-PU 1 SF-PU 2 SF-PU 3 SF-PU 4 SF-PU 6 SF-PU 7 SF-PU 8
n 0. 5286 0. 4936 0.4872 0. 4461 0. 4768 0.5890 0. 6340
Ink -2.094 -1.901 —-1.944 —-1.840 -1.722 -2.108 -2.069
R 0.9992 0.9993 0.9999 0. 9999 0. 9980 0. 9995 0.9983
Mechanism Non-Fick Fickian Fickian Fickian Fickian Non-Fick Non-Fick

Inf

0 0.5 1.0 1.5 20 2.5 3.0 35

Fig. 5 The Int dependence of Inf for hydrogels with different
SF/PU and PEG/PPG proportions

7% & F| Fickian § # R B A — % 19 Ry BRPE
A T 3 Pl ) U 38 T R AR K R M A I K
i A 2 ) ok v M ) I M Bh 2 AR
dS/di =k (S, - S)°.

FEAWARSERR /S 51 XRRAX /S
=A +Bt, X RFEB=1/S, ,#IEA=1/k.S,°;
S, KPRV K L b R A R S 4R o B %)
4 2 7K 75 K LG

HE AN TR 2 53 7K B IS b 1) 0/ S X o VR, Sk
A 515 BAH OGP B4 i L2 & 6 B . A 4
B M REE AT AR B R IE R E k fn S, A,
It 55 M AR ESR 45 65 F32 4 .
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4 P WoR YK EERR ) SF/PU M 1/15 INE P e (ELRR K, 100 W 7K B i I TG o R A, R B
FEACE) 1/35 BF, H S, M 425% E 713 473% , 4 4 B[] PR BRI s 3 3 iK1, IR S B I 4
PEG/PPG M 2/1 BEARZE 1/3 8F, . S, N 471% MFFA. LU B 25 J W SF-PU 7K 8 e 7% Mk A1 R AR
B3] 272% , 32 B T 4% 21 43 7K 6 e 1) B 38 1 il L B EAE Schott 75 ik 21 7 24 A RS, BT LUAR 4f 55 B
ML S, 5 52 B I A5 /Y OF- i % K L ESR A AR Hh X B AR ) T A SF R B R K P
T RAb R — B A SF S B 0 BRAR T S K, Bt PEG/PPG 1y L 5], DA T 6l 28 i i 14 RE DG S+ 1Y
I HL B 25 3% 2 K 55 BE PEG 25 B 58 i A g 34 K. SF-PU & & 7K BEME .

AN, 7E R[] PEG/PPG 2415y /K BE S H L S, i /N %

Table 4 Second-order kinetic parameters for hydrogels of different compositions

Sample SF-PU 1 SF-PU 2 SF-PU 3 SF-PU 4 SF-PU 6 SF-PU 7 SF-PU 8
Ax10 2 3.70 2.86 3.04 2.98 1.92 3.54 3.70
Bx107° 2.35 2.24 2.18 2.11 2.12 3.10 3.68

R 0. 9976 0. 9984 0. 9980 0. 9965 0. 9997 0.9991 0. 9999
kx107*/(h~" 1.49 1.75 1.56 1.50 2.35 2.71 3.67
S. (%) 425.3 447.0 458.5 473.0 471.0 322.9 271.5
ESR (%) 382.2 412.8 418.9 436.3 439.3 292.5 253.2

Ry 32 2 5 B TPDI A Oy B BE & Al 2R 2 i B 2R

o B P, 5 22 3 3R 1K B WS 6 L S A SF-
04 CSRpUs PU 5 4K BEIE. SF 15 PU B4R K 53Tk 2 I i
ol ESEPUT 3ol SR T R K R B AR OF HLRUA
J oSEPUS AL, LIRS 08 5 K ARk 1 e 42

BEORAIE.

(2) 7K B I ) 36 55 A6 5% 78 R EE AR - 50°C A2
1, SF 5 PU WA s M PEBCAF, HAE T=32C A
W B ES 4 0% S [R] SF/PU K PEG/PPG &k
Time () INEE) S e K R I A AR T 2 M e
(3)SF-PU /K EEME ) ESR K/N5 SF 44y &

Fig.6  Relationships of ¢/S_ with ¢ for hydrogels of different

SF/PU and PEG/PPG proportions AR I, 5 PEG 21 43 & BUE Lt T B S #
M A KRR R B K6 & T — R ESR
A 1 253% | 440 % 115 [ N B K BE I, I — 25 4583

3

T K 5 Bk Bl ) 2 AR R
(1) R H 367K M £ JulE PEG2000 ,PPG2000
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PREPRATION AND CHARACTERIZATION OF
SILK FIBROIN- POLYURETHANE COMPOSITE HYDROGELS

Bao-ping Zhang, Ge-wen Xu, Yi-ping Huang
(School of Chemistry and Chemical Engineering of Anhui University; Anhui Province Key Laboratory of
Enveironmeni-friendly Polymer Materials, Hefet 230039 )

Abstract SF-PU composite hydrogel was prepared successfully by incorporating silk fibroin aqueous solution
into polyurethane prepolymer ( PU) which was synthesized using poly ( ethylene glycol) ( PEG ), poly-
(polyethylene glycol) (PPG) and isophorone diisocyanate (IPDI) as the main materials. The structure and
component of hydrogels as well as their interior morphology were characterized with the methods of ATR and
SEM. Influences of hydrogels of different SF/PU and PEG/PPG proportions on their thermal properties and
swelling behaviors were further investigated by means of DSC measurements and swelling tests, respectively.
Results showed that the prepared composite SF-PU hydrogels have a kind of three-dimensional porous network
structure. DSC  curves of the hydrogels exhibited unique thermal properties, that the glass transition
temperatures (T,) and the crystallization changed lightly corresponding to the changed hydrogel compositions.
What’ s more, different composition hydrogels indicated similar excellent swelling dynamics and varied swelling
ratios ; the equilibrium swelling ratio ( ESR) increased with the decrease of the SF content which could be seen
as the cross-link agent; when the composition of hydrogel was SF/PU =1/25 ,PEG/PPG =2/1 ,the ESR could
reach 440% . In the initial swelling stage ,the hydrogels much fit the Fickian diffusion,while the Schott second-
order kinetic equation was appropriate to describe the whole swelling process. All the above unique features of
SF-PU composite hydrogels made them a promising material for the prosthetic disc nucleus in the future.

Keywords Silk fibroin, Polyurethane, Hydrogel, Swelling kinetics



