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1.1 FERYKBHE

TKZ B8, FoK CaCl,, PKEEER, &K, BKBE T
B (Ti(OCH, ), ) , &M, B Rhahd. — K E
BFAK(BFIF/NTF 0.8 puSlem).

1.2 49 TiO, M EL L RAKN B &

B5gMEENZERT 200 mL B CaCl, :
C.H;OH:H,0=1:2:8(BE/RIL)WBGHEB P,
TSCKBFEM 2 W BHEHLEHERITEE
BAHY RATERENE ARIFEMRKT 0.8
pSlem LB FREN IR, BN EBFHENTF
0.8 uS/em B AIL, HIBLEEOEB, REHRE
THRYIREH T AN LEBEABBRNERSS
FBAR2.3x10" ~8.0x 10",

BB 1 mL4kBR TR ZE 10 ml. ZBEF , BE I
H15mn HCBEEZE 2SS ol . S EE 20
mlL B2 EREBE T 50 mL AT, HIKEERIAY
pHER 7.4 TiO,: 2£F = 0.2 wi% K L HI BB E
BEMEMTER/CHER, 2B IMALEBRT,
HBAER 30 min, AEFEAER 120 mm BXZE
BRI, PFEERE, BAER 30CTREN,
HENELEBR RERA 0P ZEERT 15
min T AEALE, REFETHEZRASEZ
R RN T B a2 FEMNE MR
B R B R e R TE 20 ~ 40 pm.
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1.3 HHELRERKEMIHEENR

He 0 & 7 1 22 R A3 AR & 0.300 g, 3K
AMOGSCHAB R T EHRE, B g KR, FHat s
BIBREL 0.500 g ML RBEXHABT pHERN 7TH
100 mL £ FK5 pHEN 9 #1 11 #9100 mL K

ARER S, RGHESOCHBHATHE2Z VG

T, 105 CTF T HBEREE TR

BWRE-[(BRWHTERENER - HESH
FEAHNER) : BREMKTHERNER] «100%.

FH AG-1 Bl H RSB N, AR ER
3 20 mm, B fFHE# Y 100 mm/min, 7 25C T WA
M2 EEOTEIRE.

1.4 #¥ Ti0, UM £ ¥ W rh 403 Tio, MR
g

F Lambda900 %€ #h b3 (30 i vl 4 22 R R 0
BN G B, H SCHR (131 7 BT L 40K THO,
BT B, SR 540 48 SO R [ 14 ) PR R B D A A,
Bk T0, FIRLIR.

1.5 MHLEBHSEHRIE

AFM 3K, , 3% F 2 B Digital 2 7] B NanoScope
Ila JBF 1 B8 (AFM) A B R B X
ot FE o AR .

SEM il , % A JEOL &) JSM-5610LV B F 3
HEMBE(SEMMEZEZBENREER, MiA®H
EH 5kV.

FTIR 43 %7, % Al 2 E| PERKIN ELMER 2\ ]
SPECTRUM ONE {8 37 M2 # £1 4h 43 7 4%, KBr JE
H e

XRD 347, % A ARL-X' TRA B X-5 4R R7 5
X, 7E CuKa $TEET BB E 45 kV. B H M 40 mA,
HEE R 2 (°)/min, T FTEE 20 = 10° ~ 40°.

TGA 4347, R A1 25 ® PE 4% &) Pyris Diamond
TCA M ELEBHERMBEEHR. N, R, &
Y 20.0 mL/min, FHEFEE 50 ~ 700C, iR
A K 20 K/min, FEFRELN 1 mg.

2 ZER5ve
2.1 HEZERBREXENNHEE

FZ= 8 75 Bk & B 41K Tio, L R
MKBEERRE)HERR,.GREE 1. WA
HADE &R B2 R BRBRRBHLALR
B 2 EENBRRSHNAK TI0, TEF
X BRERNIHE T, SLEXERF LN
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Fig. 1 The loss percentage of SF/nano-Ti0; compesite films

M2 ZEVIREE MR (R DR
AN, M2 EEMIRE LSRR,
BTSNk TiO, AR T B L X BMILEERE.
{EREE TiO, & B M, A YL EE L&
& B M1 B Bl 40K Tio, B AV I 1 K,
XERER M T 24K Tio, W T2 K4 &
LT AT HARE RERXBNE TO,
HuZREBHESHR0.2%M0.4%.

Table 1 Mechanical properties of SF/nano-TiO, composite films

TiQ; :SF  Thickness Width  Max load  Elastic = Max stress
(wt% ) {mm) {mm) (N)  (N/mm®} (Nfem®)
0 0.025 20 4,225  287.114 8.450
0.1 0.025 20 4.989 305.246 9.979
0.2 0.025 20 5.112 332.628 11.224
0.4 0.025 20 5.335 336.998 11.236
0.8 0.025 20 4.058 342,114  11.025
1.6 0.025 20 4.386 344.031 10, 897

RIBERBAYLBEENTRER, I EE
TiO, ER(ERBEFER0.2% F10.4% )8tk
RIBEEARBESSHAERNE ST 4.
2.2 HMBEEEREPHAK TIO, HREM S BORK R

Fd UV.AFM . SEM X fll £ B0 B0 22 3% B 4T
THWE SHARE. B2 REARLAKUEZLER
BRI R, ME R LIRS B4 R
R AR REARWERS, XRH B
TR FHETFTRTHE . FEEE 70, &
3 0, 6 B B I e h L HRGE SCRR (13 )3
HHHFET IR HE 2 7A(b) . (c) 12 K
BREIH 3.35 eV, H FTEHKNBME N Tio, 1
WRERAERSTHEH, BRAUFAAETHEER
WA R (EMA)M 55 H B 2 452k Tio, B2 5
W23 80 nm.
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a) Ti0,:Silk = 0
b) TiO,:Silk = 0.2%
¢) TiO,:Sitk = 0.4%
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Fig. 2 UY absorption spectra of nano-Ti0,
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Fig. 3 AFM surface images of SF/nano-Ti0, compesite films

Fig. 4 SEM surface images of of SF/nano-TiO,

composite films
a) Pure silk fibroin; b) Ti0, :silk fibroin =0.2%;
¢) TiQ; :silk fibroin =0.4%
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Fig. 5 XRD curves of SF/nano-TiQ; composite films
a) Pure silk fibroin; b) Ti0, :silk fibroin = 0.295 ;
¢) Ti0, :eilk fibroin = 0.4%
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Table 2  Crystallinity of SF/nano-Ti(), composite films

Crystal Amorphous

TiQ, :SF proportion of proportion of  Crystallinity Crystal

(wt%) compesites  composite films X (%) structure
(1) (1,)
0 202 478 29.7 Silk L
0.2 290 382 33,3 Silk I and silk Il
0.4 303 578 34.3  Silk ] and silk I
<
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Fig. 6 FTIR spectra of SF/nano-Ti0, composite films
a) Pure silk fibroin; b} TiO; :silk fibroin = 0.2% ;
¢) Ti0, :silk fibroin = 0.4%
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L RBEMAEK Ti0, ML EEM TCA #i
THE 2/ MABMBBERE, - HFETF T,
(300CER), —NMFHET T, (600CEH), ME 7
B B 200C, 2K RERE N 6%, 7 ARAL
57 % i K B BB B A 290°C B] 500°C, £ K BEE
ASB%, FERZESTRNEZAHAS &
BU M 500CE 650C, FERLUETH T4 L
BB IRETE™ . A g%k Ti0, J&, 7E 200C, %
WA ER 5%, 1 LIE 20 0 WK e B EE M
290CH 550C, iR AE 60% , TEITHE F £
FHEA D TRMEEZ B BHR; M 550C 3 620C,
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MBI T 620C /5 , MR BAN 5%
UT,.EFEXMMFHEK TIO, WEE.AE7HRE
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Fig. 7 Themogravimetric curves of SF/nanc-Ti0; composite
films

a} Pure silk fibroin; b) TiO; :silk fibroin =0.2%;

¢} Ti0; :silk fibroin =0.4%
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STUDIES ON NANO-TiO, MODIFIED SILK FIBROIN COMPOSITE FILMS

_ CHEN Jianyong, FENG Xinxing, XU Dan
( The Key Laboratory of Aduanced Textile Materials and Manufacturing Technology , Zhefiang Sci-Tech University , Hangzhou 310018}

Abstract With the sol-gel method, the regenerated SF (silk fibroin)/nano-TiO, composite films were prepared.
Compared to the pure silk fibroin films, the mechanical strength of these regenerated SF/nano-Ti0, composite films
were increased and the loss percentage of SF/nano-TiQ, composite films in aqueous solution were decreased. By
using UV, AFM and SEM, these films were characterized . The experimental results reveal that the diameter of nano-
TiO, particles in films was about 80 nm.The nano-TiO, particles were well dispersed in the regenerated silk fibroin.
It was found that the crystal structure of the composite films changed from typical Silk T to typical Silk II .
Furthermore , the erystallinity of the composite films was obviously improved . Through the TGA, it was demonstrated

that the heat transition temperature of composite films was also changed.
Key words Silk fibroin, Nano-Ti0,, Crystal form



