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Heat Treatment Effects on the Thermal Stability and Mechanical Property
of Spider Silks from ANephila clavata and Bassaniana decorata

So—-Yeon Chang', Ji—Hye Lee' and Ju Ha Lee*

Department of Science Education, Jeonju University, Jeonju 560-759, Korea

1Sangsem High School, Jeonju 560-853, Korea

ABSTRACT : The thermal stability and mechanical properties of Nephila clavata and Bassaniana decorata
spider silks were measured and compared with those of aramid and polyester fibers. The thermal stability
of the spider silk was lower than those of the commercial aramid and polyester fibers. However, the
mechanical properties of the spider silk were far superior to that of the polyester fiber. The effect of
the water content of the spider silk on its thermal stability and mechanical property was examined by
conducting the silk to heat treatment at 100C under vacuum for various times. The results indicated
that spider silk subjected to heat treatment for 1.5 hr had excellent thermal stability and mechanical

property.
KEY WORDS : Nephila clavata, Bassaniana decorata, Spider silk, Aramid, Polyester, Heat treatment
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Fig. 1. Thermogravimetric analyses of spider silks, aramid fiber,
and polyester fiber. A: Spider silk from Nephila clavata, B:
Spider silk from Bassaniana decorata.
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Table 1. Thermal stabilities of spider fiber, aramid, and polyester fibers

) TDS a TDmax, b WtRGOO c WtRSOO d
Fiber o o o o
C C C C
Spider (A)° 110 317 22 4
Spider (B)" 113 315 24 5
Aramid 555 587 69 56
Polyester 400 443 15 7

* 5 weight % reduction onset temperature. b

Maximum weight reduction onset temperature.
¢ Weight % of residue at 800°C. ¢ Spider silk from Nephila clavata.

¢ Weight % of residue at 600C.
f Spider silk from Bassaniana decorata.

Table 2. Mechanical properties of spider fiber, aramid, and polyester fibers

a . b
Fiber U(I;APS;; I“‘('Gl\;;)d' E. B
Spider (A)° 1443 31.3 12
Spider (B)® 1471 33.9 12
Aramid 2040 65.2 4
Polyester 72 35 50

* Ultimate tensile strength.
¢ Spider silk from Bassaniana decorata.

® Initial tensile modulus. ¢ Elongation at break. d

Spider silk from Nephila clavata.
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Fig. 2. Thermogravimetric analyses of Nephila clavata silk.
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Table 3. Thermal stability of spider silk from Nephila clavata with different annealing times

600 ¢ 800 d

Heat treatment T * ™ ° Wi wir
hr ¢ T T T
0 110 317 22 4
0.5 277 323 24 3
1 276 322 25 8
1.5 280 324 26 8
2 272 319 22 2

* 5 weight % reduction onset temperature. b
¢ Weight % of residue at 800°C.

Maximum weight reduction onset temperature.

¢ Weight % of residue at 600C.
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Table 4. Mechanical property of spider silk from Nephila clavata with different annealing times

Annealing Ult. Str.” Ini. Mod.” E B
hr (MPa) (GPa) o
0 1443 31.3 12
0.5 1448 32.5 12
1 1457 37.8 13
1.5 1613 40.1 12
2 1581 38.8 12
* Ultimate tensile strength. ® Initial tensile modulus. ° Elongation at break.
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0 Literature Cited
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Fig. 3. Thermogravimetric analyses of Nephila clavata silk with
different heat treatment times.
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