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Effect of Acid Leaching on Structure and Properties of High Silica Glass Fibers
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Abstract: The morphology and structure of fiber precursors before and after acid leaching were characterized by scanning electron
microscopy (SEM) and infrared spectroscopy (IR), and the Na leaching process was characterized by inductively coupled plasma
spectrometry (ICP). The effects of hydrochloric acid concentration, leaching temperature and time on the leaching rate of Na" and
mechanical properties of the fiber precursor were investigated. The Na' leaching rate reaches 85% after leaching in 3 mol/L
hydrochloric acid solution for 12 h at 90 ‘C. The maximum strength retention rate of the fiber after leaching can be obtained when the
concentration of hydrochloric acid is 5 mol/L. In this case, Na' ions in the fiber are replaced with H" ions in hydrochloric acid during
the acid leaching process, whereas hydroxyl group is further polymerized and dehydrated, thus strengthening the glass network during
the heat treatment process and improving the fiber strength.
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Table 1 Diameter, strength and specific surface area of
fibers prepared at different speed

Revolutions/ Diameter/ Tensile strength/ Specific area/
(r'min’") pm MPa (m’* g

100 25.18+0.60 436+69 0.057+0.001

300 15.70+0.37 758+80 0.102+0.002

500 11.36+0.28 820+137 0.125+0.003

700 9.96+0.37 985+158 0.149+0.005

900 8.55+0.30 1349+293 0.166+0.006
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Table 2 Amount of element precipitation of the precursor
of high silica fiber after different acid leaching

time
Mass of element in leaching Na*
Leaching  Initial . .
solution/mg leaching
time/h  fiber/mg

Al Na rate/%
1 834 0.636 7 0.065 7 2.1647 17.67
2 97.8 0.634 7 0.077 1 5.103 3 35.52
4 122.6 0.775 5 0.094 0 11.679 6 64.82
8 122.6 0.8512 0.098 2 154217 85.67
12 88.2 0.866 0 0.077 6 11.299 0 87.21
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Fig. 2 Influence of acid leaching temperature on Na" leaching
rate
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Table 3 Mass loss rate of fiber after acid leaching and heat

treatment wi%
Leaching After acid After heat treatment
time/h By balance Calculated by By balance Calculated by

ICP ICP

1 3.60 4.20 6.30 5.28

2 7.77 6.46 9.63 8.57

4 9.87 10.54 15.22 14.33

8 12.72 13.60 20.04 18.58

12 13.27 14.44 20.87 19.52

w is mass fraction. Acid is 3 mol/L, heat treated at 90 C.

(a) Initial fiber

(d) Initial fiber

(b) 90 °C, 3 mol/L HCI, leaching 12 h

(e) 90 'C, 3 mol/L HCl, leaching 12 h

(c) Heat treatment at 700 C, 30 min

500 nm

(f) Heat treatment at 700 ‘C, 30 min

B3 REMBA4ER SEM B v
Fig. 3 SEM photographs of fibers at different stages
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(b) Infrared spectra before and after heat treatment
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Fig. 4 90 °C, 3 mol/L infrared spectra of fibers after hydrochloric
acid leaching for different time and heat treatment
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