
CHAPTER III
EXPERIMENTAL

3.1 Materials

A ll operations w ere carried out w ith  careful ex c lu sio n  o f  m oisture and air 
b ecau se  the silatrane co m p lex es  are s ligh tly  sen sitive  to m oisture and air. T he starting 
m aterials are fum ed s ilica  pow der, eth y len e g ly co l, and triethanolam ine.

A m orphous, precipitated s ilico n  d io x id e  (SiC>2), w ith  a m u lti-p o in t B E T  surface  
area o f  1500 m 2/g  (average particle s ize  o f  0 .0 0 7  p m ), w as purchased  from  A ld rich  
C h em ical C om p an y and used  as received . It w as kept in a dry en viron m en t prior to use  
to prevent m oisture adsorption.

E th ylen e g ly co l (E G ) and triethanolam ine (T E A ) w ere purchased from  M erck  
C h em ical C om pany and used as received .

A ceton itr ile  w as purchased from  Baker A n a lyzed  C om p an y and purified  by  
d istilla tion  w ith  calciu m  hydride, acting as a dehydrating agent.

The glassw are w as cleaned  by soak in g in an N aO H /iP rO H  clean in g  so lu tion  
bath, fo llo w ed  by rinsing w ith  water and acetone, resp ective ly , and fin a lly  dried in  an 
o v en  at 12 5 -15 0  ๐c  prior to use.

3.2 Characterisation Instruments

3.2.1 Thermo gravimetric Analyser (TGA)
Thermogravimetric analysis was carried out on a Netzsch TG 209 

thermogravimetric analyser. Samples (10-20 mg) were loaded in a platinum pan and 
heated under Nitrogen or air using a flow rate of 15 mL/min. The balance flow metre 
was set at 40 mL/min. Heating rate of 10 °c/min to 900 ๐c  were used. TGA data were 
be used to determine the decomposition temperature, product purity and experimental 
ceramic yields.
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3 .2 .2  Fourier Transform  Infrared Spectrophotom etre (T i l R)
It w as recorded on  a F T -45A  Biorad spectrom etre w ith  a resolution o f  +  4  

cm -1. Sam ple preparation w as done by putting a pow der o f  1 m g  in the mortar. It w as  
then sm eared o n  a potassium  brom ide (K B r) d isc to get a thin  film  o f  the substance, 
w h ich  are then p laced  in the infrared beam . A nother m ethod w a s the com pressed  d isc  
technique. A  sam p le  w as thoroughly ground u sin g  1.0% sam p le to 99  wt%  pure and dry 
crysta llin e p otassiu m  brom ide (K Br) and then hydraulically  pressed . T he liquid product 
w as d etected  b y  d irectly  sm earing on K B r disk . The sam ple w as p laced  in  the cham ber  
w ith  nitrogen atm osphere purging for 20  m in. before data acq u isition  w a s detected.

3 .2 .3  S canning E lectron  M icroscop e TSEM)
T he surface m orp h ology  o f  the resulting e lectrosp u n  P V A /silatrane  

com p o site  fibres and s ilica  fibres w ere ob served  by SE M  (JEO L L S 00 2). T h ey w ere  
coated  by thin film  o f  go ld  for 4  m in prior to  analysis.

3 .2 .4  W id e-an gle  X -ray D iffractom etre (W A X S )
X R D  spectra w ere recorded b y  using a D /M A X -2 0 0 0  ser ies o f  R igak u /X -  

ray d iffractom etre that provides X -rays o f  Cu K -alpha at 40  k V /3 0 m A . T he g lass sam p le  
holders w ere applied  to both ground sam p les and P V A /silatrane fibre m ats. The  
exp erim ent w a s operated in the 29  range o f  3 -60  d egree at the scan  speed  o f  5 
d egree/m in  and 0.02 degree o f  scan step.
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3 .3  E le c tr o sp in n in g  A p p a r a tu s

The sch em atic  o f  the e lectrosp in n in g  apparatus that is used  in th is w ork is  
sh ow n  in sch em e 3 .1 . The com p onen ts o f  the apparatus and their functions are 
described  as fo llo w s .

H i g h  V o l t a g e  
P o w e r  S u p p l y

S ch em e  3.1
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•  A  high vo ltage pow er supply (E S 30P N , G am m a H igh  V oltage R esearch Inc., 
O rm ond B each , Florida) is used  to generate either p o sit iv e  or n egative  D C  
vo ltage upto 30 k V , w ith  very lo w  electrical current o f  166 m icroam peres.

•  A  20  m l syringe is used as a container for polym er so lu tion s. T he syrin ge is built 
by a p lastic  structure and is set at a vertical d irection.

•  A  sta in less steel n eed le  (gu age num ber 20  and the ou tsid e diam eter o f  0 .9 0  m m ) 
is used as a n o zz le  and as an electrode to conduct the electr ica l energy from  the 
pow er supply  to the so lu tion s. The tip o f  the n eed le is cut into a flat shape and 
the length  o f  the n eed le  is 1 cm .

•  A lu m in um  fo il is used  as a ground co llector  w h ich  is  covered  on  the p lastic  
stand.

3.4 Calcination Apparatus

A  C arbolite furnace (type STF 15 /7 5 /4 50 , m axim um  tem perature o f  1500°C ) 
w as used  to convert P V A /silatrane com p osite  fibres into s ilica  fibres. T he electrospun  
P V A /silatrane com p o site  fibres w ere subjected to heat treatm ent at the tem perature o f  
5 0 0 , 60 0 , 70 0 , and 8 0 0 ° c ,  heating rate of 4 °c /m in .

3.5 Procedure

3.5.1 Silatrane Syn thesis and Characterisation
Silatrane is synthesised by reacting 0 .125  mol triethanolamine with 0.1 

mol silicon dioxide using ethylene glycol as solvent at 200 ° c  under nitrogen 
atmosphere. The reaction is completed within 10 hr., and the resulting mixture is cooled 
down to room temperature, before removing soldent by distilling under vacuum (10 ~2 
torr) at 110 ° c  overnight. The resulting brownish white solid is washed three times with 
dried acetonitrile to obtain a fine white powder. Then, it is introduced to TGA and FTIR 
to observe its thermal stability and functional groups respectively.
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3.5.2 Sp inn ing o f  the P V A /silatrane com p osite  fibres
A  silatrane solution  is prepared by m ix in g  1 g o f  silatrane in 7.5 and 9 g  

o f  a w eigh ed  am ount o f  6 w t % solution  o f  p o ly (v in y l a lcoh o l) (m olecular w eigh t =
115 ,000  am u) in w ater under v igorou s stirring at room  tem perature for 2 hours to obtain  
a sp inn ing m ixture. T he sp inning m ixture is spun under applied  potentia ls o f  11 .25 , 15, 
18.75 , and 22 .5  k v .  A  co llectin g  screen  (i.e . alum inum  fo il) is  set 10 cm  from  the tip o f  
the sta in less Steel n eed le. The co llec tin g  tim e is fix ed  at 20  m in.

3 .5 .3  C alcination  o f  the P V A /silatrane com p o site  fibres
The electrospun P V A /silatrane com p o site  fibres are subjected  to heat 

treatm ent at the tem perature o f  500, 600, 700, and 8 0 0 ° c ,  h eatin g  rate o f  4°c/min by  
u sin g C arbolite furnace (type STF 15/75/450)

3.5.4 Characterisation o f  the P V A /silatrane com p osite  fibres and the ca lc in ed  
s ilica  fibres

B oth  the P V A /silatrane com p osite  fibres and the ca lcin ed  s ilica  fibres are 
introduced to FTIR, SE M , and X R D  to study their functional groups, m icrostructure, 
and crystallin ity  resp ectively .
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