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ABSTRACT

The IR crystallinity index of Calcium nitrate treated silk fiber decreased proportionally to
the concentration of calcium nitrate. A partial change of conformation was observed in the
concentration of over 46.4~47.6% changing from B-sheet or to random coil in the crystalline
region. This is in coincidence with the result of crystallinity index, which was started to be
reduced in the concentration range of 46.4~47.6%. A same trend was observed for the X-ray
order factor, birefringence, degree of orientation and surface structure. These structural
parameters were remarkably changed on the treatment of silk fibers with concentration of 46.
4~47.6% calcium nitrate. Therefore, it seems that there exists a critical concentration of
calcium nitrate in affecting the structure and morphology of silk fibers. According to the
examination of surface morphology, the fine stripe was observed in the direction of fiber axis
at 46.4% concentration. However, the treated concentration was exceeded by 47.6%, the
cracks were appeared severely on the fiber surface in the transverse direction as well as fiber
axis direction. This result might be related to the tensile properties, specially a tenacity of silk
fibers. As a result of quantitative analysis of a dilute acid hydrolysis, three different regions,
which are known as a amorphous, semi-crystalline and crystalline region, could be obtained.
The hydrolysis rate curves were different with various concentrations of treatment and the
relative contents of each region could be calculated.

Key words : Calcium nitrate, Silk fiber, Crystallinity index, Conformation, Surface structure,
Critical concentration, Hydrolysis.
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Fig. 1. Infrared spectra of silkk fibers freated with vari-
ous Ca(NO)). concentrations. A :control, B:43.5%, C:
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Table 1. IR crystallinity index of silk fibers freated with
various Ca(NO,), concentrations.

Concentration of Contraction Crystallinity
Ca(NO,), (%) percentage (%) Index (%)
Control 0 52
435 1.7 51
445 5.0 52
45.3 10.0 52
46.4 25.8 57
47.6 46.3 36
48.9 62.8 30
50.2 71.7 30
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Fig. 2. X-ray diffraction curves of silk fibers treated with
various Ca(NQ,), concenfrations. A : Control, B :43.5%,
C:453%, D :47.6%, E : 50.2%.
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Table 2. Crystallinity of Ca(NO,), treated silk fibers cal-
culated by X-ray diffraction method.

Concentration Contraction Crystallinity ~ Crystallinity

of Ca(NO,), percentage (%) (X-ray  Index(%)
(%) (%) order factor) (IR method)
Cont. 0 53 52
43.5 1.7 51 51
453 10.0 49 52
46.4 258 44 46
47.6 46.3 38 36
50.2 71.7 31 30
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Fig. 5. Polarizing microphotographs of Ca(NO), treat-
ed silk fiber. A: Control, B: Ca(NQO,). treated
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Fig. 6. Scanning elecfron micrographs of silk fibers
freated with various Ca(NQ). concentrations. A : Con-
frol, B : 43.5%.

Fig. 7. Scanning electron micrographs of silk fibers
freated with various Ca(NO). concentrations. C ' 44.6
%, D :45.3%.
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Fig. 8. Scanning electron micrographs of silk fibers freat-
ed with various Ca(NO). concentrations. E:46.4%, F:
47.6%.

Fig. 9. Scanning electron micrographs of silk fibers
freated with various Ca(NQO,), concentrations. G ;48,9
%, H :50.2%.
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Fig. 10. Weight loss curves of Ca(NO)), treafed silk fib-
ers against hydrolysis time.
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Fig. 11. Acid hydrolysis rate curves of Ca(NO), treat-
ed silk fibers.
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Table 3. Degree of true crystallinity, total crystallinity and rate constants(kc) caiculated by acid hydrolysis curves of

Ca(NOy), freated silk fibers.

Contraction
percentage (%)

Concentration of
Ca(NO,), (%)

Control 0
435 1.7
44.5 5.0
453 10.0
46.4 25.8
47.6 46.3
48.6 62.8

50.2 71.7

Degree of true Degree of total K

crystallinity(%) crystallinity(%) <
56.3 79.9 0.0013
56.1 78.5 0.0013
535 76.0 0.0013
48.2 70.6 0.0014
47.5 67.6 (0.0015
33.4 53.1 0.0016
318 49.5 0.0016
30.3 479 0.0019
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