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Abstract—Silica fibers were prepared by the sol-gel process from Si(OC;Hs)s-Hz0-alcohol-HCl solution
as a starting material. Various factors, such as the molar ratios H,0O, alcohol and HCI to Si(OC.Hs),, were
investigated in order to find appropriate experimental conditions for the spinnability of the solution. The
most importént factor determining the spinnability of the solution was the molar ratio of H;O to Si(OC,Hs)4
in the solution. The solutions with HyO/Si(OC;Hs), ratios less than about 3 showed a marked spinnability
just before gelling. Most sitica fibers showed the elliptical cross sections except that prepared from the solution
with H;0/Si{OC,Hs)s molar ratio 3, which had a circular cross-section.
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Table 1. Possibility of fiber drawing for the solutions with different H;O/TEOS molar ratios

Solution Compositions(molar ratio)

Maintenance

Fiber Fiber

no. TEOS Water Ethanol HCI drawing length o oty
1 1 1 2 0.01 No(No gel) - -
2 1 15 2 0.01 No(No gel) - -
3 1 2 2 0.01 Yes 30 cm 30 min
4 1 3 2 0.01 Yes 5 cm 10 min
5 1 4 2 0.01 No - -
6 1 5 2 0.01 No - -
7 1 10 2 0.01 No - -
8 1 20 2 0.01 No - -
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Fig. 1. Variation of the volume of the solutions with differ-
ent H;O/TEOS molar ratios.
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Fig. 2. Relationship between gelling time and water con-
tent for different HCI contents.
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Fig. 3. Variation of the volume of the solutions with differ-
ent HC/TEOS molar ratios.
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Table 2. Possibility of fiber drawing for the solutions with different HCI/TEOS molar ratios

Compositions(molar ratio)

Maintenance

Solution Fiber Fiber time of
no. TEOS Water Ethanol HCI drawing length spinnability
9 1 2 2 0.004 Yes 20 cm 20 min
10 1 2 2 0.007 Yes 25 cm 20 min
11 1 2 2 0.01 Yes 30 cm 30 min
12 1 2 2 0.02 Yes 20 cm 20 min
13 1 2 2 0.03 Yes 10 cm 15 min
14 1 2 2 0.05 Yes 10 cm 15 min
15 1 2 2 0.10 Yes 15 cm 15 min
16 1 2 2 0.20 No - -
17 1 2 2 0.30 No - -
18 1 2 2 0.50 No - -
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Fig. 4. Relationship between geiling time and HCI content
for the solutions with relatively rich HCI contents.
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Fig. 5. Relationship between gelling time and HCI content
for the solutions with relatively poor HCI contents.
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Table 3. Possibility of fiber drawing for the solutions with different alcohol contents

Solution Compositions(molar ratio) Fi . Maintenance
no. Solvent TEOS Water  Ethanol HCI dr aa%g lg;t;;ﬁ‘ sptxgrr}gbﬁgty

19 Methanol 1 2 1 0.01 Yes 15 ¢cm 10 min

20 Methanol 1 2 2 0.01 Yes 15 cm 20 min

21 Methanol 1 2 4 0.01 Yes 15 cm 10 min

22 Methanol 1 2 7 0.01 Yes 15 cm 10 min

23 Methanol 1 2 10 0.01 Yes 15 cm 10 min

24 Ethanol 1 2 1 0.01 Yes 15 ecm 20 min

25 Ethanol 1 2 0.01 Yes 30 cm 30 min

26 Ethanol 1 2 4 0.01 Yes 20 cm 30 min

27 Ethanol 1 2 10 0.01 Yes 20 cm 40 min

28 n-Propanol 1 2 1 0.01 No - -

29 n-Propanol 1 2 2 0.01 No - -

30 n-Propanol 1 2 4 0.01 No - -
73-%-¢l TEOS:H,0:HCI=1:2:0012] A oisl T T T T
alcohol % % /5 wWshA|d wo] £42] upAlgd S 20°C
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nolo] AH4-% w 7 F& WS et 2E =
o 4 9} o} 23l metal alkoxide7} o}-& 80
alkyl group & E%%} alcohol Woll 4 7}5¥-51€ ) al- g
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Fig. 6. Change of gelling time of the solutions with differ-
ent alcohol/TEQOS molar ratios.
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Table 4. Possibility of fiber drawing for the solutions aged
in the room temperature

Solution  Compositions(molar ratio) Fiber Fiber
no. TEOS Water Ethanol HCl drawing length

31 1 1 2 0.01 Yes 1m
32 1 15 2 0.01 Yes 1m
33 1 2 2 0.01 Yes 1m
34 1 3 2 0.01 Yes 30 cm
35 1 4 2 0.01 No -
36 1 5 2 0.01 No -
37 1 10 2 0.01 No -
38 1 20 2 0.01 No -
20°C
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Fig. 7. Change of gelling time of the solutions with differ-
ent H,O/TEOS molar ratios at 20°C and 90°C.
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Fig. 8. SEM images of cross-section of silica fibers with
compositions of (a) H,O/TEOS molar ratio of 1.0,
(b) H;O/TEOS molar ratio of 1.5 and (¢) H;O
/TEOS molar ratio of 3.0.
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Fig. 9. SEM images of cross-sectlon of silica fibers with
compositions of (a) Ethanol/TEOS molar ratio of
1, (b) Ethanol/TEOS molar ratio of 2 and (c)
Ethanol/TEOS molar ratio of 4.
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