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Table 1 The measured cross-section area and mechanical parameters of silk fibers

Silk Area (pom’ ) Strength ( MPa) Elastic modulus (GPa} Breakage strain

B 191 + 36 477 + 88 9.2+x2.8 0.14+0.03

DB 85+ 18 32672 6.7x1.3 0.10£0.03
TI0847 + 97 412+ 17 7.520.7 0.18+0.08

DT 328 + 42 255+ 42 2.6x0.9 0.29x0.05

E 360 + 66 434 + 55 6.1£1.6 0.25+£0.07

DE 170 £ 35 392+ 9% 5.5x1.3 0.23+0.05
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Fig. 1 The typical stress-strain curves of silk fibers
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Table 2 The conformational contents computed by infrared spectra( % )

Silk B-Tum Random coil

20.3x1.8

z-Helix B-Sheet

B 13.1x1.6 4.3+£3.9
DB 0.2:0.2

T 14.4+0.3

62.4+0.8

50.4+1.4 20.1+1.2 29.31+0.1
20.1+0.5 0

22.3x0.5 25.420.1
19.612.8 8.1+£3.0

17.8+2.4

65.5£0.7
DT 3.3x0.1 45.0+0.5
E 12.7+ 4.9

12.5x4.1

50.6x1.9

DE 58.6+1.4 11,2£3.0
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Fig. 2 The relations between strength, elastic modulus and

B-sheet fraction
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Fig. 3 The relations between strengih, elastic modulus and «-

helix ¢
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RELATIONS BETWEEN MECHANICAL PROPERTIES AND
CONFORMATIONAL CONTENTS OF NATIVE SILKWORM SILK

HUO Bo, ZHAI Yong, CUI Fuzhai
( Department of Materials Science and Egineering , Tringhna University, Beijing 100084 )

Abstract  Relations between mechanical properties and conformational contents of native silkworm silk are
investigated . Three species of silkworm cocoons, bombyx meori, tussah and eri-silkworm, are chosen and the three
corresponding degummed silks are obtained by a strong alkaline solution and a relative neutral solution, respectively.
For the six kinds of silk fibers, the load-elongation curves and the infrared spetra of protein are measured . To transfer
load into stress,the section area of silk is directly measured by SEM observation . The contents of four conformations,
a-helix, 3-sheet, #-tum and random coil,can be calculated by the infrared specira. Infrared analysis shows that the
B-sheet and a-helix structures may be destroyed by the strong alkaline solution during the degumming and the
destroyed molecular chains transform into random coils. So the strength and elastic modulus of bombyx mori and
tussah silks are reduced drastically after degumming. In contrast, there is no significant change in the mechanical
properties and the conformational content of protein for the degummed eri-silkworm silk treated by relative neutral
solution . The experimental resulis show that fractions of 3-sheet and a-helix structures , especially 3-sheet, contribute
to the strength and rigidity of silkworm silk. There is a good correlation between S-sheet content and mechanical
properties . But the correlation is not very significant for a-helix because its content is very low. The infrared analysis
also shows that the contents of S-tum structures for all silks retain invariant, which indicates that S-tum structure
indeed exists in native silkworm silk and its contents seem not to be influenced by the species and the degumming.
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