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1.2.1 SfEmamatiydl g VINE/N,N-— W3 LB (RBLEE 20 1) R, B bl e 4 50h
20% (BSTREF HE 27 22V ARG HSCHR [ 18 ] A% P it # e 25 22 Dkl 2 BB TR 41 4t B AN 4T 4, 225555
VRS TRK o A5 3 £ 4k B A 2T 4
1.2.2 H®ZFHAAR/ KEpBEAEAENFE 4 SPUBARIMAZR 0. 05 mol/L ) NaOH /K% i
o, AR R, B O BREAEEY). SPL/NaOH ¥ W it i 435X 20 5% . 1€ SP1/NaOH ¥ %
SPL/HMB R 4: 1, 2: 1, 1: DARACH .

BEE R (0. 11 ~0.35 mm) A H (0. 1 ~0.5 g) FILF4ER A 50 mL Frfic il 9 Lk SPIE R
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0.4 ~1.0 mm. WHERFVEEE LB /05 NaOH, Hilila 23 .y T 50 H i 2 20415
SPI BRAR R Zp i, PRITAR T AR B S8 38 1, 78 S50 & A SR AT AT J5 vk 2B 2 A TS v (R A /0 2 1)
NaOH. & &4 SPL/ HM B R 4:1, 2: 1A 1: 143504512 4 CNM/SPI-1, CNM/SPI-2 F1 CNM/SPI-3.
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FES AR AROUIE 35 R T H AR JEOL 28 I Y JSM-6700F #4437 % S 145 B b 33 s (SEM) LR, B2 4 ik
FEAER AT CE 5 min, BUH SRRV BT, Wi 4, WA HAETE S

2 HRS5WiL

2.1 FHZBATHE(CNM)

B 1 W EEFRET 2 2R RNLT A 5 AN LT A R L BE IR . IR L nT LA, PR T ZE 35 0 5w e
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Fig.1 SEM images of cellulose acetate( A) and cellulose nanofibers(B)
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Fig.2 SEM images of fractured surface of SPI film(A), and CNM/SPI-2 composite
film[ (B) x1000, (C) x5000]

The mass fractions of glycerol and cellulose nanofiber were 30% and 12. 6% , respectively.
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B3 (A) R CNM/SPL &E A BB EHE AT WG K Y (600 ~ 800 nm) EATHKAFAYIE G, K 3
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B CNM & =SS LT TR, RER N -0.89[ K 3(B) |, {HLF4ERT & 73 8CH 30. 5% 2 G IRAE
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R BT 2 O BN RAAR . (RIS R R FIWT o o P AR L 5 i F Bz — . CNMY/
SPL B A MEHY RAFE RV T2 G MR A4/ W e HA R 47 A AR .

&l 4 J& CNM/SPL & A A ECHCRIE. FEE A CNM S a3 in, &6 BN 095 RE 8 ok i
oM. g 5K 3(B) 455 —2L

100 (A)

L 1(B
_ Y % (B)
£ %0 < 85t
o [+]
g g
£ 60 g 80F
B |
w @ 75 F
g 40 g
z -
) El
5 20 S 65 F
0 1 1 1 60 1 1 1 L 1 1 I
400 500 600 700 800 0 5 10 15 20 25 30
A/nm Mass fraction of CNM(%)

Fig.3 Light transmittance of CNM/SPI-2 composite films with varied CNM mass fraction(A) and
composite films at 700 nm as a function of CNM mass fraction(B)

Mass fraction content of CNM: a. 0% ; b. 7.7% ; ¢. 12.6% ; d. 30.5%.

Fig.4 Appearance of CNM(A), SPI film(B), and CNM/SPI-2 composite films with CNM mass
fractions of 7.7% (C) and 12. 6% (D)
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Fig.5 Effect of CNM mass fraction on stress(A), Young’'s modulus(B) , and strain( C) of
CNM/SPI composite films
a. CNM/SPI-1; b. CNM/SPI-2; ¢. CNM/SPI-3.
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Fig. 6 Effect of CNM mass fraction on flexural modulus( A) and flexural strength(B)
of CNM/SPI composite films
a. CNM/SPI-2; b. CNM/SPI-3.
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Ab, HI/ NV FRE S £F 4 KM ANLT 4 PR T8 iR, 78— E R LR BIME IR 4 K 40 7 N s FI A
BIVERT, B E]—E B AT, TSN T CNM/SPL & 4 BEA BRI PE , (A A8 18 2 30 & A
S



No.2 LR AL, R ERMT R BR IS EFAELLSBRAEMT 421

2 % X M

[ 1] Naganuma T., Kagawa Y.. J. Mater. Sci.[J], 2003, 38(14) . 3103—3109

[ 2] Wannatong L., Sirivat A. , Supaholp P., et al.. Polym. Int. [J], 2004, 53(11): 1851—1859

[ 3] HUANG Hui-Min( #%:4) , LI Zhen-Yu(Z=4R5*), YANG Fan(#) , et al.. Chem. J. Chinese Universities( 8554 R 22244 )
[J], 2007, 28(6) : 1200—1202

[4] HuangZ. M., Zhang Y. Z. , Kotaki M. , et al.. Compos. Sci. Technol. [J], 2003, 63(15) . 2223—2253
[5] Kim]J. S., Reneker D. H.. Polym. Compos. [J], 1999, 20(1) . 124—131

[ 6] Bergshoef M. M., Vancso G. J.. Adv. Mater. [J], 1999, 11(16) : 1362— 1365

[ 7] Naganuma T., Kagawa Y.. Acta. Mater. [J], 1999, 47(17) . 4321— 4327

[87 Liu Hai-Qing, Hsich You-Lo. J. Polym. Sci. Pol. Phys. B[J], 2002, 40(18); 2119— 2129

[9] Rhim]J. W., Gennadios A. , Handa A. , et al.. J. Agr. Food. Chem.[]J], 2000, 48(10) : 4937— 4941

[10] WU Hui( ##%) , LI Jian-Zong( ZE@5%). Polym. Mater. Sci. & Eng. (FE2rFH RIS TR (1], 1995, 11(4) ; 57—62

[11] Weaver K. D., Stoffer J. O., Day D. E.. Polym. Compos. [J], 1993, 14(6) . 515—523

[12] HAO Yuan-Kai (FFICH) , XIAO Jia-Yu( I /14Y) . High-performance Composite Materials Science ( i PERESR ST EI) [M], Beijing:
Chemical Industry Press, 2004 ; 174—198

[13] LuY. S., Weng L. H., Zhang L. N.. Biomacromolecules[J], 2004, 5. 1046—1051

Studies of Ultrafine Cellulose Fiber Reinforced Soy Protein Isolate
Composite Film with High Light Transmittance

CHEN Guan-Fu-Shou, LIU Hai-Qing”
( College of Chemistry and Materials Science, Fujian Normal University ,
Key Laboratory of Polymer Materials of Fujian Province, Fuzhou 350007, China)

Abstract  Ulirafine cellulose fibers with the diameter of ca. 430 nm were synthesized by electrospinning. The
cellulose fibers were embedded into soy protein isolate (SPI) to fabricate reinforced composite films. Their
light transmittance, morphology and mechanical properties were characterized by scanning electron microscopy
(SEM) , tensile test and three-point bending test. Due to the ultrafine diameter of cellulose nanofibers, the
composite film showed improved fiber/resin interfacial adhesion. This led to high visible light transmittance
even though the composite film had a fiber mass fraction as high as 30%. The composite film exhibited
improved mechanical properties as compared to the neat SPI film.

Keywords Electrospinning; Ultrafine cellulose fiber; Soybean protein isolate; Composite membrane; Light

transmittance
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