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Structural Characteristics and Physical Properties of Wild
Silk Fibres; Antheraea pernyi and Antheraea yamamai

Hae Yong Kweon and Young Hwan Park
College of Agricufture and life Sciences Seoul National University, Suwon, Korea

Abstract

The structural characteristics of Antheraea yamamai and Antheraea pernyi silk were in-
vestigated by using x-ray diffraction method, IR spectroscopy and polarizing microscopy.
The amino acid composition, fiber density, thermal decomposition temperature and glass
transition temperature were also measured for relating these physical properties to the
structure in comparison with those of Bombyx mori silk fiber. There was no significant
structural difference between A. yamamai and A. pernyi silk fiber on an examination of
x-ray diffraction curve and IR spectrum. Both of these wild silk fibers showed double
diffraction peaks at the Bragg angle 20~ 16.7° and 20.5° by x-ray diffraction analysis as
well as IR absorption peaks for the bending vibration of specific groups related to ala-ala
amino acid sequence. On the other hand, the x-ray diffraction curve and IR spectrum of
Bombyx mori silk fiber are different from those of wild silk fibers, indicating different crystal
structure as well as amino acid sequences. It showed under the polarizing microscope
examination that the birefringence and optical orientation factor of wild silk fibers are
much lower than those of B. mori silk. Also, the surface of degummed wild silk fibers was
characterized by the longitudinal stripes of microfibrils in the direction of fiber axies.

The amino acid composition, which is strongly related to the fine structure and pro-
perties, was not significantly different between these two wild silk fibers. However, the
alanine content was somewhat less and polar amino acid content more for A. yamamai.
As a result of fiber density measurement, the specific gravities of B. mori, A. pernyi and
A. yamamai were 1.355~1.356, 1.308~1.311, 1.265~1.301 g/cm" in the order, respectively.
The calculated crystallinity(%) was 64% for B. mori and 51~52% for wild silk fibers, which
showed same trend by IR method in spite of somewhat higher vlaue. The thermal decom-
position behaviour was examined by DSC and TGA, showing that the degradation tem-
perature was in the order of B. mori, A. pernyi and A. yamamai at around 350C. It was also
observed by TGA that the decomposition seems to proceed step by step according to their
specific regions in the fiber structure, resulting the difference in their thermal stabilities.
The glass transition temperature was turned out to be 220C for B. mori, 240C A. yamamai
and 255C A. pernyi by the dynamic mechanical analysis. It is expected that the chemical
properties are affected by the dynamic mechanical behavior in accordance with their st-
ructural characters.

Key words : Antheraea yamamai, Antheraea pernyi, Bombyx mori, amino acid composition,
x-ray diffraction, birefringence, specific gravity, crystallinty, thermal decomposition tem-
perature, glass transition temperature.
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Table 1. Amino acid composition of degummed siltk

fibers

Type Bombyx Antheraea  Antheraea
Amino acid mori pernyt yamamai

asp 1.18 4.64 5.26

glu 1.07 0.95 0.85

ser 10.49 10.40 9.98

gly 47.78 32.32 32.44

arg 0.40 2.62 274

thr 0.82 0.38 0.45

ala 29.86 42.36 39.78

pro 0.51 0.97 0.90

tyr 3.88 1.86 4.22

val 191 0.71 0.68

met 0.02 0.12 0.12

ile 0.59 0.45 043

leu 0.53 0.49 0.48

phe 0.67 1.71 1.64

lys 0.28 0.02 0.02

Table 2. Comparison of selected amino acids for de-
gummed silk fibers

Bombyx Antheraea Antheraea

Type of silk mork pernyt  yamamai
gly+ala (%) 77.64 74.68 72.22
gly +ala+ser (%) 88.13 85.08 82.20
gly/ala ratio 1.60 0.76 0.82
basic residues 1.07 2.64 2.76
acidic residues 3.12 5.59 6.11
OH group 14.74 12.64 14.65
containing residues
P/NP 0.23 0.26 0.31
100 LC/SC 12.4 17.0 21.0

SC : short side residues (gly, ala, ser, thr)
LC : long side residues (other amino acids)
P : polar residues (acid, basic and hydroxyl residues)
NP : nonpolar residues (other amino acids)
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Table 3. Fiber density and calculated crystallinity of domestic and wild silk fibers

Wild silk Domestic silk
Antheraea pernyi Antheraea yamamai Bombyx mort
raw degummed raw degummed raw degummed
Density (g/cm”) 1.308 1.311 1.265 1.301 1.355 1.356
Crystallinity (%) 52 51 64

Intensity
>

Intensity
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28

Fig. 1. X-ray diffraction curves of powder form of sitk
fibers. (a) : antheraea pernyi (b): Antheraea yamamai,
(c) . Bombyx mori.
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BhubA] ofsiviar A7bsEle A EE RS W
2% frameol] Zo} SdFAE FAsto] Fig. 2l
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Fig. 2. X-ray diffraction curves of silk fibers. (a} . An-
theraea pernyi, (b) : Antheraea yamamai, (c): Bombyx
mori.
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Fig. 3. /A spectra of silk fibers. (a) - Antheraea pernyi,
b} : Antheraea yamimai, (c): Bombyx mori
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Table 4. Birefringence of degummed domestic and wild
sitk fibers Wild sitk

Wild silk Domestic silk
Antheraea Antheraea .
. . Bombyx mori
pernyi yamamai
Birefringence  0.0216 0.0216 0.0556
Stad. deviation 0.0058 0.0040 0.0085
* 0.456 0.425 0.818

*f means optical orientation factor
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& kel A3haksh 1Ak Alelel i 2ol 7 <17
9] siskek

5. HEHD|E A

HEAES AR LAk el g3t F2ks 9] con-
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Fig. 4. Polarizing Micrographs of degummed sifk fibers. (a) : Antheraea pernyi, (b) . Antheraea yamamai, (c) : Bombyx

mori
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Table 5. Endothemic decomposition temperature(Ta)
of domestic and wild silk fibers

Wild silk Domestic silk
Antheraea Antheraea .
. . Bombyx mori
pernyt yamamai
T (C) 378 383 348
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Fig. 5. TGA thermograms of sitk fibers. Antheraea pe-
rmyr. (&), Antheraea yamamai (Ill), Bombyx mori (@)
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Fig. 6. Dynamic storage modulus (E') of silk fiber. (a)
. Antheraea pernyi, (b): Antheraea yamamai, (c): Bo-
mbyx mori
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Fig. 7. Dynamic loss modulus (E”) of sitk fibers. (a) :
Antheraea pernyi, (b) : Antheraea yamarmia, (c): Bom-
byx mori
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A3 J& Ho] F peak?] €EE Y3} A
g8 vebiol M. (Kawahara ef al, 1994, 1] =
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Table 6. Glass transition temperature(Tg) of Antheraea
pernyi, Antheraea yamamai and Bombyx mori

Tg () Onset Maximum
temperature temperature

Type (En (E")
Antheraea 230 255

pernyt (200) (230)
Antheraea 220 240
yamamai ) (-)
Bombyx 190 220

mort 170) (220)

() indicates the results of Tsukada et al (1992b)
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vepdola adelx glem HI Ay fA
o] &% ol & Tsukada et al, (1992b)2] A=}e} v)
aste] B dfelM EAE fejdelex ARE
Table 69l el c}.
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