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Fig. 1 Longitudinal tensile properties of RSF matrix ( control) and silk fiber/fibroin composites in correlation with the concentration of LiBr
aqueous solution employed for pretreatment ( amount of the silk loaded: 20 wt% ; time of pretreatment: 10 min)
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Fig. 2 Longitudinal tensile properties of RSF matrix ( control) and silk fiber/fibroin composites after the pretreatment of 6 mol L ™' LiBr

aqueous solution for 0 min, 5 min, 10 min, 30 min, 1 h, 6 h and 24 h (a~g), respectively ( Amount of the silk loaded: 20 wt% )
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Fig. 3 (A) X-ray diffraction patterns of silk fibers before (a) and after the pretreatment of LiBr aqueous solution (b ~d) ((b) & (¢)

were pretreated by 6 mol L =" LiBr for 10 min and 24 h, respectively, (d) was pretreated by 9 mol L =" LiBr for 10 min) and pure RSF films
(e ~f)((e) was treated by methanol and () was untreated) ; (B) Stress-strain curves of silk fibers before (a) and after treatment of 6 (b)

and 9 (c¢) mol L' LiBr solution for 10 min, respectively
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Fig. 4 SEM images of the transverse (a, ¢, e and g) and longitudinal (b, d, fand h) fracture section of silk fiber/fibroin composites; silk

fibers were untreated (a & b), or pretreated by 3 mol L '"(¢&d), 6mol L' (e &f) and 9 mol L' (g & h) LiBr aqueous solution,

respectively.

Amount of the silk loaded: 20 wt% ;

Time of pretreatment; 10 min
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Table 1 Comparison of the mechanical properties of silk fiber/fibroin composites and pure RSF films before and after methanol post treatment

Tensile stress (MPa)

Elongation at break (% )

Samples
Longitudinal Transverse Longitudinal Transverse
Untreated composite 119 4 20 £3 21.4 +0.2 1.3 0.1
LiBr pretreated composite 142 =7 32+3 23.5+1.7 1.9£0.3
Methanol post-treated composite 153 =4 46 +4 16.2 +2.6 2.4+0.2
Untreated RSF film 60 +8 +
Methanol post-treated RSF film 51 +3 3

Amount of the silk loaded in the composites; 20 wt%
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Fig. 5 SEM images of the transverse (a) and longitudinal
(b) fracture section of silk fiber/fibroin composites after

methanol post treatment
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IMPROVING THE MECHANICAL PROPERTIES OF SILK
FIBER/FIBROIN COMPOSITES BY INTERFACIAL MODIFICATION

YUAN Qingqing, YAO Jinrong, SHAO Zhengzhong
(Key Laboratory of Molecular Engineering of Polymers of Ministry of Education, Department of Macromolecular Science,

Advanced Materials Laboratory, Fudan University, Shanghai 200433)

Abstract In order to fabricate a high performance silk fiber/fiboin composite, both effects of LiBr
pretreatment and methanol post treatment on the interface compatibility between the silk fiber and the silk
fibroin matrix were studied in this article. The mechanical properties, structure and morphology of the silk
fiber/fibroin composite were investigated via tensile test, X-ray diffraction ( XRD) and scanning electron
microscopy (SEM) ,etc. The results of tensile test demonstrated that the optimized pretreatment method was
achieved by employing 6 mol L™' LiBr aqueous solution on aligned silk fibers for 10 min. Under such
pretreatment , the longitudinal tensile stress, elongation at break and breaking energy of the silk fiber/fibroin
composite with a silk amount of 20 wt% were 142 MPa,23.5% and 18. 6 kJ kg ', respectively. After methanol
post treatment , the interface adhesions of the silk fiber/fibroin composite were further enhanced as compared to
the untreated ones. The transverse tensile stress and elongation at break were 46 MPa ( versus 20 MPa) and
2.4% (versus 1.3% ), respectively. Besides, SEM images of the fracture section of silk fiber/fibroin
composites in the directions parallel and perpendicular to the fiber array also showed that the compatibility
between the silk fiber and the silk fibroin matrix was improved after both treatments.

Keywords Animal silk, Secondary structure, Fiber modification



