
4.1 Synthesis of Silatrane Precursors

The silatrane precursors w ere syn thesised  d irectly  from  SiC>2 and 
triethanolam ine as m entioned  in the previous chapter. The in itia l reaction m ixture w as  
m ilky . A s the reaction  proceeded  further, the m ixture becam e clear, ind icating that the 
reaction  w as com p leted . Subsequently, the m ixture w as introduced to a h igh vacuum  
distillation  in order to rem ove ethy len e g lyco l. W hite so lid  product w as iso lated  easily  
after d istillation .

4.2 Characterisation

4.2.1 C haracterisation o f  Silatrane Precursors
4 .2 .1 .1  F o u r ie r  t r a n s fo r m  in f r a r e d  s p e c t r o p h o to m e tr e  (F T IR )

Figure 4.1 sh ow s FTIR spectrum  and data o f  the obtained  
product o f  the reaction. M ajor characteristics FTIR  peaks found in  F igure 4.1 along w ith  
the m ost lik e ly  a ssign m en t are sum m arised in T able 4.1 .
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F ig u r e  4.1 FTIR  spectrum  o f  obtained silatrane precursors.

T a b le  4.1 A ssign m en t o f  infrared spectrum  o f  the product^

Characterisation Peak Position (cm 1)
N -> Si stretching 560-590, 2697

Si-O-CH 970,883
c - 0 1030-1070

Si-0-CH2 1015-1085
C-N 1351

C-H bending 1380-1460
C-H stretching 2800-2976
O-H stretching 3422
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A ccord in g  to Table 4 .1 , the peaks at 5 6 0 -5 9 0  cm ' 1 and 2 6 9 7  cm ' 1 are assigned  
to N  ->  Si stretching. The peaks at 97 0  and 883 cm '1 correspond to the S i-O -C H  groups, 
w hereas the peaks at 10 30 -1 070  result from  C - 0  groups. T he peaks at 1 0 15 -1 085  cm ' 1 

are assign ed  to S i-0 -C H 2 groups, and the peaks at 1351 resu lt from  C -N  groups. The 
peaks at 1 3 8 0 -1 4 6 0  correspond to C -H  bending, w hereas the peaks at 2 8 0 0 -2 9 7 6  cm ' 1 

are assign ed  to C -H  stretching, and the broad band centering at 3 4 2 2  cm '1 corresponds to  
O -H  stretching. T he results confirm  the form ation o f  silatrane precursors.

4 .2 .1 .2  T h e r m o g r a v im e tr ic  A n a ly s e r  (T G A )
Figure 4 .2  sh ow s T G A  result and data o f  the obtained  product o f  

the reaction. M ajor characteristics T G A  result found in F igure 4 .2 .

T G  /%

10 0  2 0 0  3 0 0  4 0 0  500 600 700 800 900
Temperature ! ° c

F ig u re  4.2 TGA result of obtained silatrane precursors.
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T he first m ass lo ss b etw een  150-250°c corresponds to the lo ss  o f  trace am ount 
o f  eth y len e  g ly co l. T he second  m ass lo ss  b etw een  2 9 0 -3 7 0 °C  corresponds to organic  
ligand d ecom p osition , and the final m ass lo ss  from  3 9 0  to 6 2 0 ° c  corresponds to 
ox id ation  o f  residual carbon char. T he final ceram ic y ield  w as 21.5% .

4 .2 .2  C haracterisation o f  E lectrospun S ilica  Fibres
4 .2 .2 .1  X - r a y  d i f f r a c t io n  (X R D )

F ig u r e  4 .3  X R D  pattern o f  precalcined  fibres obtained from  10 wt%  o f  silatrane in 6 

wt%  P V A  so lu tio n  u sin g  an applied potential o f  11.25 k v .
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Figure 4.4 XRD pattern of precalcined fibres obtained from 10 wt% of silatrane in 6

wt% PVA solution using an applied potential of 15 kv.
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Figure 4.5 XRD pattern of precalcined fibres obtained from 10 wt% of silatrane in 6

wt% PVA solution using an applied potential of 18.75 kV.
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Figure 4.6 XRD pattern of precalcined fibres obtained from 10 wt% of silatrane in 6

พt% PVA solution using an applied potential of 22.50 kv.
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F ig u r e  4 .7  X R D  pattern o f  precalcined  fibres obtained from  11 .76  wt%  o f  silatrane in  6 

wt%  P V A  so lu tio n  u sin g  an applied  potential o f  11 .25 k v .
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Figure 4.8 XRD pattern of precalcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 15 kv.
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Figure 4.9 XRD pattern of precalcined fibres obtained from 11.76 พt% of silatrane in 6

wt% PVA solution using an applied potential of 18.75 kv.
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F ig u r e  4 .1 0  X R D  pattern o f  precalcined  fibres obtained from  11 .76  wt%  o f  silatrane in  
6 wt%  P V A  so lu tion  usin g an applied  potential o f  2 2 .5 0  kV.

\  M tV fH  รฯ
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Figure 4.11 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 11.25 kV, and a calcination temperature of
5 0 0 °c .
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Figure 4.12 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 15 kv, and a calcination temperature of
5 0 0 °c .
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F ig u r e  4 .13  X R D  pattern o f  ca lc in ed  fibres obtained from  10 wt%  o f  silatrane in 6 พ t%  
P V A  so lu tion  u sin g  an applied potential o f  18 .75 kV , and a calcination  tem perature o f
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Figure 4.14 XRD pattern of calcined fibres obtained from 10 พt% of silatrane in 6 wt%
PVA solution using an applied potential of 22.50 kv, and a calcination temperature of
500°c.
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Figure 4.15 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 11.25 kv, and a calcination temperature of
600°c.
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Figure 4.16 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 15 kv, and a calcination temperature of
600°c.
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Figure 4.17 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 18.75 kv, and a calcination temperature of
600°c.
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Figure 4.18 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 22.50 kv, and a calcination temperature of
600°c.
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Figure 4.19 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 11.25 kv, and a calcination temperature of
700°c.
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Figure 4.20 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt% 
PVA solution using an applied potential of 15 kV, and a calcination temperature of
700°c.
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Figure 4.21 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 18.75 kv, and a calcination temperature of
700°c.
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Figure 4.22 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 22.50 kv, and a calcination temperature of
700°c.
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Figure 4.23 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 11.25 kv, and a calcination temperature of
800°c.
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Figure 4.24 XRD pattern of calcined fibres obtained from 10 พt% of silatrane in 6 wt%
PVA solution using an applied potential of 15 kV, and a calcination temperature of
800°c.
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Figure 4.25 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 18.75 kv, and a calcination temperature of
800°c.
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Figure 4.26 XRD pattern of calcined fibres obtained from 10 wt% of silatrane in 6 wt%
PVA solution using an applied potential of 22.50 kv, and a calcination temperature of
800°c.
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Figure 4.27 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
of 500°c.
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Figure 4.28 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 15 kv, and a calcination temperature of
500°c.
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Figure 4.29 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 18.75 kV, and a calcination temperature
of 500°c.
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F ig u r e  4 .3 0  XRD pattern of calcined fibres obtained from 11.76  wt% of silatrane in 6 
wt% PVA solution using an applied potential of 22.50 kV, and a calcination temperature 
of 500°c.
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Figure 4.31 XRD pattern of calcined fibres obtained from 11.76 พt% of silatrane in 6

wt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
of 600°c.
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Figure 4.32 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 15 kv, and a calcination temperature of
600°c.
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Figure 4.33 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 18.75 kv, and a calcination temperature
of 600°c.
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Figure 4.34 XRD pattern of calcined fibres obtained from 11.76 wt% of silatranc in 6

พt% PVA solution using an applied potential of 22.50 kV, and a calcination temperature
of 600°c.
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Figure 4.35 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
o f7 0 0 ° c .
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Figure 4.36 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 15 kv, and a calcination temperature of
700°c.
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Figure 4.37 XRD pattern of calcined fibres obtained from 11.76 พt% of silatrane in 6

พt% PVA solution using an applied potential of 18.75 kv, and a calcination temperature
of700°c.
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Figure 4.38 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

พt% PVA solution using an applied potential of 22.50 kV, and a calcination temperature
of 700°c.
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Figure 4.39 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

พt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
of 800°c.
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Figure 4.40 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 15 kv, and a calcination temperature of
800°c.
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Figure 4.41 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 18.75 kV, and a calcination temperature
of 800°c.
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Figure 4.42 XRD pattern of calcined fibres obtained from 11.76 wt% of silatrane in 6

wt% PVA solution using an applied potential of 22.50 kv, and a calcination temperature
o f 8 0 0 ° c .
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F ig u re  4.43 XRD pattern of silatrane complexes.
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Figure 4.44 XRD pattern of pure silica.

Crystalline structure of the silica fibres is investigated by means of X-ray 
diffraction (XRD). The XRD pattern of the obtained silica fibres generated from every 
experimental condition is shown in figures 4.11-4.42. This XRD pattern exhibits the 
characteristics of amorphous silica agreeing with the results from the previous work 
(Choi et al, 2003). However, it should be noted that the width of XRD peak of calcined 
fibres are narrower than that of precalcined fibres and pure silica, and the position of 
XRD peak of calcined fibres shift to higher 2theta compared to that of pure silica. They 
can be implied that although the phase of the calcined silica fibres is amorphous, it gives 
silica which holds more order when compared to reactant silica partuicles. Moreover, the 
XRD pattern of the precaicined fibres derived from every experimental condition shown 
in figure 4.3-figure 4.10 exhibits the characteristics of amorphous materials, and the 
pattern of the precalcined one and the calcined one is different significantly. It indicates 
the phase changing to more order state.
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4.2.2.2 Fourier transform infrared spectrophotometre (FTIR)

FTIR Spectrum of Pure Silica

W avenum bers (cm )

Figure 4.45 FTIR spectrum of pure silica.

Figure 4.4 shows the FTIR spectrum of pure silica. The peaks at 466, 806, and 
1100 cm'1 are assigned to Si-0 stretching and the broad band centering at 3458 cm"1 is 
assigned to O-H stretching. The broad band peak centering at 3458 cm1 results from 
intra- and intermolecular hydrogen bonds of the silanol groups. This indicate that a 
substantial amount of silanol groups exists on the surface of silica particles.
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Wavenumber (cm'1)

Figure 4.46 FTIR spectrum of precalcined fibres obtained from 10 wt% of silatrane in 6

พt% PVA solution using an applied potential of 11.25 kv.



Ab
sor

ban
ce

72

Figure 4.47 FTIR spectrum of precalcined fibres obtained from 11.76 พt% of silatrane 
in 6 wt% PVA solution using an applied potential of 11.25 kV.
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Figure 4.48 FTIR spectrum of precalcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 15 kv.
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Figure 4.49 FTIR spectrum of precalcined fibres obtained from 11.76 wt% of silatrane
in 6 พt% PVA solution using an applied potential of 15 kv.
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Figure 4.50 FTIR spectrum of precalcined fibres obtained from 10 พt% of silatrane in 6
wt% PVA solution using an applied potential of 18.75 kv.
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Figure 4.51 FTIR spectrum of precalcined fibres obtained from 11.76 wt% of silatrane
in 6 wt% PVA solution using an applied potential of 18.75 kV.
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Figure 4.52 FTIR spectrum of precalcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 22.50 kv.
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Figure 4.53 FTIR spectrum of precalcined fibres obtained from 11.76 wt% of silatrane
in 6 wt% PVA solution using an applied potential of 22.50 kv.
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Figure 4.54 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
พt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
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Figure 4.55 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 15 kV, and a calcination temperature of
500°c.
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Figure 4.56 FTIR spectrum of calcined fibres obtained from 10 wt% cf silatrane in 6
พt% PVA solution using an applied potential of 18.75 kv. and a calcination temperature
of 500°c.
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Figure 4.57 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 22.50 kv, and a calcination temperature
of 500°c.
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Figure 4.58 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 11.25 kV, and a calcination temperature
of 600°c.
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Figure 4.59 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
พt% PVA solution using an applied potential of 15 kV, and a calcination temperature of
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Figure 4.60 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 18.75 kv, and a calcination temperature
of 600°c.
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Figure 4.61 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 22.50 kv, and a calcination temperature
of 600°c.
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Figure 4.62 FTIR spectrum of calcined fibres obtained from 10 พt% of silatrane in 6
พt% PVA solution using an applied potential of 11.25 kV, and a calcination temperature
of 700°c.



Ab
sor

ban
ce

88

0 :4 -

- 0.35

- 0.3

- 0.25

- 0.2

- 0.15

- 0.1

- 0.05 

-9--
4500 4000 3500 3000 2500 2000 1500 1000 500 0

Wavenumber (cm'1)

Figure 4.63 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 15 kV, and a calcination temperature of
700°c.
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Figure 4.64 FTIR spectrum of calcined fibres obtained from 10 พt% of silatrane in 6
wt% PVA solution using an applied potential of 18.75 kv, and a calcination temperature
o f  700°c.
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Figure 4.65 FTIR spectrum of calcined fibres obtained from 10 พt% of silatrane in 6
wt% PVA solution using an applied potential of 22.50 kv, and a calcination temperature
of 700°c.
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Figure 4.66 FTIR spectrum of calcined fibres obtained from 10 พt% of silatrane in 6
wt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
of 800°c.



92

0.35

- 0.3

- 0.2

0.15

0.05

3500 2500 2000
Wavenumber (cm'1)

1500 1000 500

Figure 4.67 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
พt% PVA solution using an applied potential of 15 kv, and a calcination temperature of
800°c.
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Figure 4.68 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 18.75 kV, and a calcination temperature
of 8 0 0 °c .
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Figure 4.69 FTIR spectrum of calcined fibres obtained from 10 wt% of silatrane in 6
wt% PVA solution using an applied potential of 22.50 kV, and a calcination temperature
of 8 0 0 °c .
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Figure 4.70 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
of 500°c.
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Figure 4.71 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 15 kV, and a calcination temperature of
500°c.
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Figure 4.72 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 18.75 kv, and a calcination temperature
of 500°c.



Ab
sgr

ba
nc

q

98

-e*ô-
0.16

0.14

0.12
0.1

0.08

0.06

0.04

0.02
-0--

4500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1)

0

Figure 4.73 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
พt% PVA solution using an applied potential of 22.50 kv, and a calcination temperature
of 500°c.
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Figure 4.74 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
of 6 0 0 °c .
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Figure 4.75 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 15 kv, and a calcination temperature of
600°c.
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Figure 4.76 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
พt% PVA solution using an applied potential of 18.75 kV, and a calcination temperature
of 600°c.
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Figure 4.77 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 22.50 kV, and a calcination temperature
of 6 0 0 °c .
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Figure 4.78 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 11.25 kV, and a calcination temperature
of 700°c.
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Figure 4.79 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
พt% PVA solution using an applied potential of 15 kv, and a calcination temperature of
7 0 0 °c .
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Figure 4.80 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 18.75 kv, and a calcination temperature
of 700°c.
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Figure 4.81 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 22.50 kV, and a calcination temperature
of 700°c.
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Figure 4.82 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 11.25 kv, and a calcination temperature
of800°c.
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Figure 4.83 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
wt% PVA solution using an applied potential of 15 kv, and a calcination temperature of
800°c.
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Figure 4.84 FTIR spectrum of calcined fibres obtained from 11.76 wt% of silatrane in 6
พt% PVA solution using an applied potential of 18.75 kV, and a calcination temperature
of 800°c.
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Figure 4.85 FTIR spectrum of calcined fibres obtained from 11.76 พt% of silatrane in 6
wt% PVA solution using an applied potential of 22.50 kv, and a calcination temperature
of 800°c.
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F ig u r e  4 .8 6  FTIR  spectrum  o f  P V A .

Figures 4 .4 6 -4 .5 3  sh ow  the FTIR spectra o f  precalcin ed  fibres. T he O -H  
stretch ing band in the IR spectrum  is by far the m ost characteristic feature o f  a lco h o ls , 
and appears at 3 5 7 5  cm '1 in pure P V A . The hydroxyl band is d isp laced  from  the in itial 
p osition  in p recalcin ed  fibres. T h is g iv es  a clear indication  o f  hydrogen  b onding in  the  
co m p o site  fibres b etw een  P V A  and silatrane co m p lexes. T he vibrational peak at 1452  
c m '1 is  assign ed  to a C H 2 sc isso r  m od e o f  pure P V A . The peak  at 1726 cm"1 is assign ed  
to c = 0  stretching in the acetate group o f  P V A . The characteristic vibrational band at 
1100 cm"1 is a ssign ed  to C - 0  stretching o f  secondary a lcoh ols. T he peaks at 5 6 0 -5 9 0  cm" 
1 are assign ed  to N  ->  Si stretching and the peaks at 97 0  and 883 cm '1 are assign ed  to S i- 
O -C H  group. T he bands at 10 15 -1 085  cm '1 are assign ed  to S i-0 -C H 2  group. T he peaks  
at 1351 and the band at 1 3 80 -1 460  are corresponded to C -N  and C-H bending  
resp ectively . H ow ever , som e o f  the peaks and the bands are broadened and d isp laced
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from  the in itial p ositio n  in precalcined  fibres b ecau se  there are secon d ary  interaction, 
particularly h yd rogen  bonding in the com p o site  fibres b etw een  P V A  and silatrane  
co m p lex es . A ll o f  them  can confirm  that prepared p recalcin ed  fibres are com p o sed  o f  
both P V A  and silatrane com p lexes.

F igures 4 .5 4 -4 .8 5  sh ow  the FTIR  spectra o f  e lectrosp u n  s ilica  fibres. T he peaks 
at 4 6 6 , 806 , and 1100 cm '1 are assign ed  to S i - 0  stretching and the broad band centering  
at 34 58  cm '1 is a ssign ed  to O -H  stretching. The broad band peak  centering at 3 4 5 8  c m 1 
results from  intra- and interm olecular hydrogen  bonds o f  the s ilan o l groups. It ind icate  
that a substantial am ount o f  silanol groups ex ists on  the surface o f  ca lc in ed  s ilica  fibres  
lik e  that o f  s ilica  particles.

T a b le  4 .2  A ssign m en t o f  infrared spectra o f  the P V A /silatran e co m p o site  fibres

C h a r a c te r isa t io n P e a k  P o s it io n  ( c m 1)
N  ->  Si stretching 5 6 0 -5 9 0

S i-O -C H 9 7 0 ,8 8 3
C - 0  stretching 1100

S i-0 -C H 2 10 15 -1 085
C -N 1351

C -H  bending 1 3 8 0 -1 4 6 0
c= 0  stretching 1726
O -H  stretching 3575

T a b le  4 .3  A ssign m en t o f  infrared spectra o f  the ca lc in ed  fibres and pure silica

C h a r a c te r isa t io n P ea k  P o s itio n  ( c m 1)
S i - 0  stretching 4 6 6 , 80 6 , 1100
O -H  stretching 34 58



4 .2 .2 .3  S c a n n in g  e le c tr o n  m ic r o s c o p e  (S E M )

(a) 10 .00  w t %, 11 .25  k V  (x 5 ,0 0 0 ) (b) 10 .00 w t %, 15 .00  k V  (x 5 ,0 0 0 )

(c) 10 .00  w t% , 18 .75  kV  (x 5 ,0 0 0 ) (d) 10 .00 w t %, 2 2 .5 0  kV  (x 5 ,0 0 0 )

Figure 4.87 SEM micrographs of obtained PVA/silatrane composite fibres derived
from 10 wt % silatrane spinning solution at various applied voltages.
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(a) 11 .76 w t %, 11 .25 k V  (x 5 ,0 0 0 ) (b) 11 .76 w t %, 15.00 kV  (x 5 ,0 0 0 )

(c ) 11.76 w t %, 18 .75 kV  (x 5 ,0 0 0 ) (d) 11 .76 w t %, 2 2 .5 0  kV  (x 5 ,0 0 0 )

Figure 4.88 SEM micrographs of obtained PVA/silatrane composite fibres derived
from 11.76 wt % silatrane spinning solution at various applied voltages.
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(a) 10 .00  w t %, 11 .25 k V , 5 0 0 ° c  (x 5 ,0 0 0 )  (b) 10 .00  w t %, 11.25 k v ,  6 0 0 ° c  (x 5 ,0 0 0 )

(c) 10.00 wt %, 11 .25 k v ,  700°c (x 5 ,0 0 0 )  (d) 10.00 wt %, 11.25 k v ,  800°c (x 5 ,0 0 0 )

Figure 4.89 SEM micrographs of calcined silica fibres derived from 10 wt 3/o
silatrane spinning solution at 11.25 kv.
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(a) 10 .00  w t %, 15 .00  kV , 5 0 0 ° c  (x 5 ,0 0 0 ) (b) 10 .00 w t %, 15 .00  k V , 6 0 0 ° c  (x 5 ,0 0 0 )

(c) 10 .00  w t %, 15 .00  kV , 7 0 0 ° c  (x 5 ,0 0 0 ) (d) 10.00 w t %, 15 .00 k V , 800°c (x 5 ,0 0 0 )

Figure 4.90 SEM micrographs of calcined silica fibres derived from 10 wt %
silatrane spinning solution at 15.00 kV.
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(a) 10 .00  wt %, 18.75 k v ,  5 0 0 ° c  (x 5 ,0 0 0 )  (b) 10 .00 wt %, 18 .75 k v ,6 0 0 ° c  (x 5 ,0 0 0 )

(c) 10.00 wt%, 18.75 kV, 7 0 0 ° c  (x5,000) (d) 10.00 wt%, 18.75 kv, 8 0 0 ° c  (x5,000)

Figure 4.91 SEM micrographs of calcined silica fibres derived from 10 wt %
silatrane spinning solution at 18.75 kv.
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(a) 10 .00  w t %, 2 2 .5 0  k v ,  5 0 0 ° c  (x 5 ,0 0 0 )  (b) 10 .00 w t %, 2 2 .5 0  k v ,  6 0 0 ° c  (x 5 ,0 0 0 )

(c) 1 0 .0 0  w t %, 2 2 .5 0  k V , 7 0 0 ° c  (x 5 ,0 0 0 ) (d) 10 .00 w t %, 2 2 .5 0  k v ,  8 0 0 ° c  (x 5 ,0 0 0 )

Figure 4.92 SEM micrographs of calcined silica fibres derived from 10 wt %
silatrane spinning solution at 22.50 kv.
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(a) 11 .76  w t %, 11.25 k v ,  5 0 0 ° c  (x 5 ,0 0 0 ) (b) 11 .76  w t %, 11 .25 k v ,  6 0 0 ° c  (x 5 ,0 0 0 )

( c )  1 1. 7 6  wt % , 11. 2 5  k V ,  700°c (x5,000) ( d )  1 1 . 7 6  wt % ,  1 1.25 k v ,  800°c (x5,000)

Figure 4.93 SEM micrographs of calcined silica fibres derived from 11.76 wt %
silatrane spinning solution at 11.25 kv.
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(a) 11 .76  w t %, 15 .00  kV , 500°c (x 5 ,0 0 0 ) (b) 11 .76 w t %, 15 .00  k V , 6 0 0 ° c  (x 5 ,0 0 0 )

(c) 11 .76  w t %, 15 .00  kV , 7 0 0 ° c  (x 5 ,0 0 0 ) (d) 11 .76 w t %, 15 .00  k V , 8 0 0 ° c  (x 5 ,0 0 0 )

Figure 4.94 SEM micrographs of calcined silica fibres derived from 11.76 wt %
silatrane spinning solution at 15.00 kV.
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(c) 11 .76  w t %, 18 .75 kV , 7 0 0 ° c  (x 5 ,0 0 0 ) (d) 11 .76 w t %, 18.75 k V , 8 0 0 ° c  (x 5 ,0 0 0 )

Figure 4.95 SEM micrographs of calcined silica fibres derived from 11.76 wt %
silatrane spinning solution at 18.75 kV.
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(c ) 11 .76  w t %, 2 2 .5 0  kV , 7 0 0 ° c  (x 5 ,0 0 0 )  (d) 11 .76 w t %, 2 2 .5 0  k v ,  8 0 0 ° c  (x 5 ,0 0 0 )

Figure 4.96 SEM micrographs of calcined silica fibres derived from 11.76 wt %
silatrane spinning solution at 22.50 kv.
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Figures 4 .8 7 -4 .9 6  sh o w  the SEM  m icrographs o f  precalcined  and calcined  
fibres. In this part, the SE M  m icrographs w ill be used  to ob serve the e ffect o f  
experim ental param eters on  the m orp h ology o f  fibres. H en ce, the relationships betw een  
them  w ill be d iv id ed  and d iscu ssed  as the fo llo w in g  section s.

a) E ffect o f  applied potential

It w as found that nanofibre diam eter increased w ith  increasing applied vo ltage. 
It resu lted  from  the charge transport. T he higher the charge transport, the greater the 
electrosp in n in g  current. C onsequently , m ass f lo w  rate o f  polym er je t  increased  and fibre 
diam eter increased as w e ll, w h en  the other parameters (i.e ., concentration  o f  silatrane o f  
sp in n in g  so lu tion , co llec tio n  distance) are constant.

b) E ffect o f  silatrane concentration

The nanofibres obtained from  the concentrations o f  10 w t % and 11 .76  w t % 
are sh ow n  in F igures 4 .8 7 -4 .9 6 . It sou ld  be noted that fibres cannot be produced at 
concentration  lo w er  than 10 w t % b ecau se the m icrogel form ation occurred. This 
p h enom en on  can  be exp lained  in ten n s o f  chem istry o f  so l-g e l p rocess. B ecau se  
p o ly v in y la lco h o l (P V A ) m olecu les act as nu cleop h ile  in the h yd ro lysis step, the rate o f  
h yd ro lysis and p olycon d en sation  increases w ith the num ber o f  P V A  m olecu les  
proportionally. T hus, i f  the P V A  concentration  o f  sp inn ing so lu tion  is greater than 90% , 
the m icrogel resu lting in the in h om ogen eity  o f  sp inning so lu tion  w ill occur. H ow ever, it 
w as im p ossib le  to prepare sp inning so lu tion  w ith  silatrane concentration  greater than 
11.76%  because this concentration is the h ighest concentration  to prepare silatrane  
so lu tion  in 6 w t % PV A .

W hen the SEM  m icrographs w ere taken into account, it w as found that the 
num ber o f  stick in g  fibres increased w ith the increm ent o f  silatrane concentration . The 
e ffec t o f  silatrane concentration  on the num ber o f  stick in g  fibres can be exp la in ed  in
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term s o f  the so lid ifica tion  o f  nanofibres. The rate o f  nanofibre so lid ifica tion  depended  
largely on  the d istance o f  fibre travel. The greater the applied  vo ltag e , the less the  
instability . A s a result, the relation b etw een  the applied  v o ltag e  and the path o f  
nanofibres is reverse. H en ce, nanofibres produced from  the h igher applied  vo ltage are 
w etter than that from  the low er applied  vo ltage. Thus, the w etter the nanofibres, the  
m ore the trend o f  stick in g  nanofibre form ation. For ca lcin ed  nanofibres, w h en  the P V A  
left from  the co m p o site  nanofibres, the nanofibres tended to shrink and c lo se  together by  
co h es iv e  forces b etw een  silica  m olecu les. C on sequ en tly , the ca lc in ed  fibres tended to  
stick  togeth er w ith  the increm ent o f  silatrane concentration.

c) E ffect o f  calcination  tem perature

It w as found that the calcination  tem perature hardly in flu en ced  m orp h ology  o f  
the obtained  s ilica  nanofibres b ecau se the p olym er content in com p o site  fibres degraded  
alm ost co m p lete ly  b efore 5 0 0 ° c .  It should  be noted that the phase o f  obtained  s ilica  
fibres w as con sisten t w ith  varying the operating tem perature ind icating that there is no  
phase transform ation o f  silica  fibres b e lo w  8 0 0 ° c .
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