
C H A P T E R  I V

R E S U L T S  A N D  D IS C U S S IO N

This research w as to synthesize p olysiloxan es from S i0 2 or rice husk 
ash and am ines (triethanolam ine, diethanolam ine) in ethylene g lyco l by a 
fo llow in g  one step (condensation  reaction).

Firstly, the raw material w ere characterised by FT-IR and 13C-NM R. 
The FT-IR spectra o f  the raw materials was show n in Figure A 1-A 6 , and the 
characteristics absorption are show n in the Table 4 .1 .

T ab le  4.1 The characteristic IR group absorption o f  raw m aterials
R aw  m ateria ls W a v e  num ber F un ction al T yp e o f

( c m 1) group V ib ra tio n
S i0 2 3442 O-H stretching
from Aldrich 1 1 0 0 S i-0 stretching
S i0 2 3425 O-H stretching
from Aldrich 1 1 0 0 S i-0 stretching
R ice husk ash 3410 O-H stretching

1 1 0 0 S i-0 stretching
E thylene g ly co l 3390 O-H stretching

2 9 5 6 -29 1 0 c h 2 stretching
1450-1300 c h 2 bending
1081-1032 C -0 stretching

Triethanolam ine 3389 O-H stretching
2 95 9-282 5 c h 2 stretching
1450-1300 c h 2 bending
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Raw m ateria ls W ave num ber Function T yp e of
(cm 1) group V ib ration

1147 C-N stretching
1081-1032 c -0 stretching

D iethanolam ine 3387 O-H stretching
3200 N-H stretching

2950-2861 c h 2 stretching
1450-1300 c h 2 bending

1449 N-H bending
1126 N-H stretching
1050 C -0 stretching

The 13C -N M R  spectrum o f  the raw materials are show n in Figures 
A 7-A 12, and characteristics chem ical shifts was show n in Table 4.2.

T ab le  4 .2  The characteristics chem ical shifts o f  the raw materials
R aw  m ateria ls 'h -n m r T ype of 13c - n m r T yp e o f

S ignals S ignals
Ethylene g lyco l 4 .15 OH 63.5 CÜ 2

HOCH 2CH2OH 3.39 C Ü 2

Triethanolam ine 5.00 OH 59.1 c h 2o h
N (C H 2CH 2O H ) 3 3.55 CThOH 56.7 c h 2n

2 .50 C Ü 2N
D iethanolam ine 4 .52 OH 60.0 c h 2o h

N H (C H 2CH 2O H ) 2 3.95 CFhOH 51.2 c h 2n h
3.45 CHsNH
2.50 NH
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The rice husk ash w as characterised by X -ray diffraction  
spectrom etry, X -ray fluorescence spectrom etry and Scanning electron  
m icroscope. In the X-ray diffraction pattern, rice husk ash show ed a 
amorphous peak at 21.96°, as show n in Figure 4 .1 . In the X-ray  
fluorescence pattern, rice husk ash w as show n to K20 ,  N a 20 ,  CaO, MgO. 
Fe20 3, p20 3, ร20 3 and Cl, and has percentage o f  silica  o f  9 6 .12 , as shown  
in Figure 4 .2 , and Table 4 .3 . From the scanning electron micrograph, 
surface o f  rice husk ash has pores and different particle sizes, as show n in 
Figure 4 .3 . The average particle size o f  rice husk ash has 13.47 pm.

lergy (keV)
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F igu re 4.3 Scanning electron micrograph o f  rice husk ash 

S yn th esis  o f P o lysiloxan e

The reactions were as fo llo w s :
sam ple 1 : S i0 2 from Aldrich C hem ical C o., In., reacted w ith TEA and EG 
sam ple 2  : S i0 2 from PPG Siam S ilica  C o., reacted w ith TEA and EG 
sam ple 3 : R ice husk ash reacted with TEA and EG
sam ple 4 : S i0 2 from Aldrich Chem ical C o., Inc., reacted with D EA and EG 
sam ple 5 : S i0 2 from PPG Siam S ilica  C o., reacted with D EA and EG 
sam ple 6  : R ice husk ash reacted with DEA and EG



ตนฉบบ หนาขาดหาย
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sample 1 
sample 2 
sample 3 
sample 4 
sample 5 
sample 6

1:0.25 1:0.5 1:1
Mole ratio of silica and amine

1:1.5

F igu re  4 .4  The curve o f  % conversion  o f  silica  content 
versus m ole ratios o f  silica  and amine

3. The effect o f  reaction time

The e ffec t o f  reaction tim e is show n in the table 4 .4  and figure 4.5. 
The reaction temperature was fixed  at 200°c and the m ole ratio o f  silica  and 
amine w as 1:1. The % conversion  o f  silica  increased w ith increasing  
reaction tim e. It can be concluded  that the appropriate reaction tim es for 
sam ple 1-6 are 16, 30, 48, 20, 36, and 48 hours, respectively.

The reaction with triethanolam ine was faster than the reaction o f  
diethanolam ine. It w as also found that reaction tim e w as decreased with 
decreasing the particle size o f  silica. This is expected  as sm aller particles 
have a large surface area/m ass ratio.
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T ab le  4 .5  The % conversion  o f  silica  or rice husk ash w as 
synthesized  w ith various reaction time.

R eaction
tim e

% C on version  o f silica  con ten t
sam p le

1

sam p le
2

sam ple
3

sam ple
4

sam p le
5

sam ple
6

1 2 82.76 57.13 15.15 63 .59 39.63 7.85
16 1 0 0 71.71 17.94 85.73 52.78 11.13
18 1 0 0 80.06 26.01 1 0 0 69.08 16.08
24 - 85,87 29.04 - 74.21 18.12
30 - 1 0 0 32.13 - 80.05 20 .87
36 - - 33.85 - 1 0 0 23 .62
48 - - 35.31 - - 25.38
54 - - 35 .96 - - 2 5 .12

sample 1 
sample 2 
sample 3 
sample 4 
sample 5 
sample 6

12 16 20 24 30 36 48 54
Reaction time (hour)

F igu re  4 .5  The curve o f  % conversion  o f  silica  or rice husk ash was 
synthesized  w ith various reaction time.

£ 1 ฯ ๅ̂ k พ
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4. Characterization o f  products

The products w ere characterised by FT-IR Spectrom eter, 'H -N M R , 
13C -N M R , 29Si-N M R  Spectrom eter, Elem ental A nalysis, X-ray
F luorescence Spectrom eter and Thermal properties.

4.1 Synthesized  products by using TEA

S i0 2 + N (C H 2CH 2O H ) 3 +  HO CH 2CH2OH

The FT-IR spectra o f  the sam ples 1-3 under optim um  condition  are 
show n in Figures A 13 -A 15 , and the characteristic absorptions are show n in 
the Table 4 .6 . T hey show  the same peaks w hich  indicate the presence o f  
strong OH stretching at 3365 cm '1. The peak at 2 9 9 0 -2 8 5 0  cm ' 1 corresponds
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to the CH 2 stretching, w hereas the peak at 1460-1350  cm ' 1 corresponds to 
the CH2 bending. The peak at 1277 cm ' 1 is the C -N  stretching. The presence  
o f  strong S i - 0  stretching is  1090 cm ' 1 and the strong peak at 1050 
cm ' 1 corresponds to the C -0  stretching. The peak at 577 cm ' 1 is the Si «- N  
dative bond o f  the structure o f  silatrane.

T ab le  4 .5  The characteristic IR group absorption o f  sam ples 1-3
Sam p les W a ve num ber  

( c m 1)
F u n ction al

group
T yp e of  

V ib ration
1-3 3365 O-H stretching

2 99 0 -28 5 0 c h 2 stretching
1460-1350 c h 2 bending

1277 C-N stretching
1090 S i-0 stretching
1050 c - 0 stretching
577 S i< -N stretching

The ’H -N M R , 13C -NM R, and 29Si-N M R  spectrum s w ere consistent 
w ith the structure o f  products. It w as concluded that the sam ples 1-3 had the 
sam e structure and the silatrane com p lexes in the m olecular structure.

The products from  sam ples 1-3 were d isso lved  in deuterated dim ethyl 
su lfox ide (d6-D M SO ). The 'H -N M R  spectra (Figures A 16 -A 18 ) show ed  
signals o f  N -C H 2 at 2 .8 -2 .9  ppm and N -C H 2CH 2 at 3 .6 -3 .7  ppm in the 
silatrane structure. The signals o f  0 -C H 2 at 3 .4 -3 .5  ppm, CH 9OH 4 .2-4 .3  
ppm, and CH2OH at 4 .55  ppm [17],
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The results from l3C -N M R  spectrums in the Figures A 19-A 21, 
indicated the silatrane structure due to signals at 50 .0  ppm (N C H 2), and
57.1 (C H 2 O), 5 9 .2 -6 0 .2  (C H 20 )  and 6 2 .7 -72 .1  (CH 2OH ) ppm [22], And 
other signals cannot be elucidated but indicate the presence o f  substantial 
im purities.

The 29Si-N M R  spectra o f  sam ples 1-3 show ed one peak at -96  ppm  
w hich corresponds to a pentacoordinate Si [22, 23] as show n in figures 
A 22-A 24, as only one Si peak w as observed, the im purities apparent ill the 
l3C spectra m ust be n on -silicon  com pounds .

The characterization by the Elem ental A nalysis and X-ray  
Fulorescence Spectrom etry, are show n in Table 4 .7 .

T ab le  4 .7  The sam ples 1-3 characterized by Elem ental A nalysis and
X -ray F luorescence

Sam p les % c a % H a % N a % S ib % ( ) c
1 4 0 .0 6 6 .80 5.01 11.45 36.68
2 3 9 .92 6 .79 4 .99 1.43 36a 7
3 39 .98 6 .76 4 .97 11.50 36 .79

a characterized by Elemental Analyser 
h characterized by X-ray Fluorescence 
c % o  = 100- (% c  + % H + % N + % Si)

The elem ental and x-ray fluorescence com position  o f  the expected  
structure can be calculated  as % c  4 0 .8 5 , % H 7 .23 , % N  5 .96 , % Si 11.92  
and % o  3 4 .0 4  according to analysis.
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4 .2  Synthesis products by using P E A  

S i0 2 +  N H (C H 2CH2O H )2 +  HO CH2CH2OH

OH
— Si—o — Si—o -  

No  (*)H
ÇH , ÇH,
C H2 c

พ

The sam ples 4-6  w ere not soluble in organic solvents so that they 
were characterized by FT-IR, 13C -Solid  State N M R  Spectroscopy, 
Elem ental A nalysis and X -ray F luorescence Spectroscopy.

The FT-IR spectra (Figure A 28-A 30) show ed the sim ilar peaks. The 
strong peaks at 3397  cm '1 indicated the presence o f  OH stretching. The 
peaks at 2 95 0 -28 4 3  cm '1 correspond to the CH2 stretching, w hereas the peak 
at 1450-1380  cm '1 result from CH2 bending. The peak at 3200  cm '1 
corresponds to the N -H  streching and the peak at 1466 cm '1 refers to the N - 
H bending. The C -N  stretching vibration is at 1230 cm '1. The S i-0  
stretching is at 1080 cm '1 and the strong peak at 1050 cm '1 is due to the C -0  
stretching (Table 4 .8 ).
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T ab le  4 .8  The characteristic IR group absorption o f  sam ples 4-6
S am p les W a ve num ber

(cm '1)
F u n ction al

group
T yp e of  

V ib ration
4-6 3397 O-H stretching

3200 N -H stretching
2950-2843 c h 2 stretching

1466 N -H bending
1450-1380 c h 2 bending

1230 C -N stretching
1080 S i-0 stretching
1050 c - 0 streching

The 13C -Solid  State N M R  spectra are show n in Figures A 31-A 33. 
The spectra sh ow s signals o f  the aliphatic c  betw een  chem ical shifts 56-76  
ppm but the exact structure could not be elucidated, nor could it be 
determ ined w hether one or more sp ecies w ere present.

The percentage o f  c ,  H, N  and Si were determ ined (Table 4 .9 ) by 
Elem ental A nalysis and X -ray F luorescence Spectroscopy, respectively.

T ab le  4 .9  The sam ples 4-6  characterized by E lem ental A nalysis and
X -ray Fluorescence.

Sam p les % c a % H a % N a % S ib % ( ) c
4 2 0 .79 5.63 5.10 24 .42 4 4 .06
5 2 0 .70 5 .70 5.11 24 .49 44 .00
6 20.75 5 .62 5.11 2 4 .40 44.12

a characterized by Elemental Analyser 
b characterized by X-ray Fluorescence 
c % 0  = 100- (% c  + % H + % N + % Si)
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The elem ental and x-ray fluorescence com position  o f  the expected  
structure can be calculated as % c  21 .33 , % H 4 .89 , % N 6 .22 , % Si 24 .89  
and % o  4 2 .6 7  according to analysis.

Thermal properties o f  the products

The w hite so lid  pow der o f  sam ples 1-3, synthesized  using  
triethanolam ine, show ed sim ilar regions o f  m ass loss in the 
therm ogrovim etric thermogram, as show n in Figures A 25-A 27.

The first sm all mass loss occured betw een 2 4 0 ° c  w hich  corresponds 
the loss o f  traces o f  residual ethylene gy lco l and triethanolam ine. The 
second major m ass loss occured at the thermal decom position  temperature 
(Td) o f  the product in 3 9 0 ° c . The percent final ceram ic y ie ld s o f  these  
products were approxim ate 24.

For the w hite so lid  powder o f  sam ples 4-6 , synthesized  using  
diethaonlam ine, show ed sim ilar m ass losses o f  products, as show n in 
Figures A 34-A 36 .

The first sm all m ass loss betw een  2 0 0 ° c  corresponds to the loss o f  
traces o f  residual ethylene g lyco l and diethanolam ine. The final m ass loss  
from 3 5 0 ° c  corresponds to organic ligand decom position . The percent final 
ceram ic y ie ld  o f  these products were approxim ate 50.
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The determ ination o f  particle size by M astersizer ร, before and after 
reaction o f  rice husk ash, show ed that the particle size  after reaction was 
sm aller than before reaction. The particle size  after reactions w hich  using 
triethanolam ine and diethanolam ine under optim um  condition, w ere 10.83 
|im  and 11.12 jam, respectively.
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