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Structure and Mechanical Properties of Silica Sponge Spicule
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Engineering, Tsinghua University, Beijing 100084, China; 2. National Research Center for Geoanalysis, Beijing
100037, China)

Abstract: The structure and mechanical properties of silica sponge spicule found in China Bo-hai
were studied. The results show that this spicule has the complex hiberarchy: the first tier is nano
silica particles; the second tier is the sub-rounds within one silica round; the third tier is silica rounds
composed of several parallel sub-rounds; the fourth tier is homocentric round structure with alternant
deposition of silica and organic matrix. The flexural strength of this spicule is 394.34GPa, the flexural

modulus increases with the growth direction of rounds. The cross-sectional hardness is 2.933GPa, and

the cross-sectional Yang’s modulus can reach 33.308GPa.
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SEM image of sponge

(a) Whole appearance; (b) Cross sec-
tion; (c) Silica rounds; (d) Sub-
rounds; (e) Nano-particles in the

sponge spicule
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Fig. 2 TEM image of nano-particles in the sponge spicule
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Fig. 3 Sketch of hiberarchy of sponge spicule
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Fig. 4 Displacement-force curve of sponge spicule

°f ()

N

Wmmm,mnmmi5u; Prebpftt
i

Hardness/GPa
(98]

[\

0 200 400 600 800 1000 1200 1400 1600
Depth into surface/nm

(b)

40
pprsififesiiiadss s 3PP P31 7 1 B E

0200460 600 800 1000 1200 1400 1600

Depth into surface/nm

Modulus/GPa
[99)
(=]

—_
(=]

B 5 Bk 9K IR I
Fig. 5 Nano-indentation on the cross section of
sponge spicule

(a) Hardness curve; (b) Yang’s modulus curve
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