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APPENDICES

A P P E N D IX  A

D a ta  fro m  S y n th es is  P a r t

T a b le  A -l Effect of TEA concentration from the reaction using Al(OH)3:TEA 
= 1 :x where X  = 0.1, 0.2, 0.4, 0.5, 0.6 and 1 at the reaction 
temperature of 200 ๐c  and the reaction time of 3 h

T E A  ( m m o l ) % C era m ic  y ie ld S D .
10 33.1-> 'รj j . j

0 .141

2 0 3 2 .0
3 1 .8

0 .141

4 0 2 9 .8
2 9 .5

0 .2 1 2

5 0 2 7 .8
2 8 .0

0 .141

6 0 2 6 .5
2 6 .4

0 .071

8 0 2 4 .2
2 4 .0

0 .141

T a b le  A-2 Effect of Reaction Temperature from the reaction using
A(OH)3:TEA = 2:1 at the various reaction temperatures and 
reaction time 3 h

R eact ion  T em p erature
( ° C )

% C era m ic  y ie ld S D .

140 4 4 .2
4 4 .0

0 .141

160 3 7 .7
3 7 .9

0 .141

180 3 0 .7
3 0 .7

0 .0 0 0

2 0 0 2 9 .3
2 9 .6

0 .2 1 2

2 2 0 2 6 .3
26.1

0 .141
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Table A-3 E ffect o f  R eaction tim e from the reaction using A l(O H )3:TEA =
2:1 at various reaction tim es and the reaction tem perature  o f  200 °c

R ea ct io n  t im e  (h ) % C era m ic  y ie ld S D .
I 39.1

3 9 .0
0 .0 7 1

2 3 0 .5
3 0 .5

0 .0 0 0

->J 2 7 .8
2 7 .9

0 .0 7 1

4 2 6 .7
2 6 .5

0 .141

5 25.1
2 5 .3

0 .141

6 2 3 .5
2 3 .9

0 .2 8 3

Table A -4 Effect o f  TETA  concentration  from the reaction using
A l(O H )3T E A :T E T A  = 10:5:x w here X = 1:2 .5 :5 :7 .5 :10:15 at the 
reaction tem perature o f  200 ๐c  and the reaction tim e o f  3 h

T E T A  ( m m o l ) % C era m ic  y ie ld S D .
10 3 6 .6

3 6 .3
0 .2 1 2

25 3 5 .2
3 5 .2

0 .0 0 0

5 0 3 4 .4
3 4 .0

0 .2 8 3

75 29.1
2 8 .7

0 .2 8 3

100 2 7 .6
2 7 .6

0 .0 0 0

150 2 6 .6
2 6 .3

0 .2 1 2
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APPENDIX B
Data from Viscosity Measurement
Table B-l Viscometric data of polymer solutions, measured at 30 ๐ c, that

synthesized from Al(OH)3 :TEA = 1:0.1 at the reaction temperature 
of 200 ๐c  and the reaction time of 3 h (Figure B-l and B-2)

Concentration Time SD. h r h s p red h i n h

(g/1) (sec) (1/g) (1/g)
0.00 715.60

715.78
0.127 - - - -

0.365 719.89 0.007 1.01 0.006 0.016 0.016
719.90 1.01 0.006 0.016 0.016

1.28 730.92 0.085 1.02 0.021 0.016 0.016
730.8 1.02 0.021 0.016 0.016

1.69 735.91 0.007 1.03 0.028 0.017 0.016
735.90 1.03 0.028 0.017 0.016

2.31 743.98 0.056 1.04 0.040 0.017 0.017
744.06 1.04 0.040 0.017 - 0.017

2.86 751.17 0.148 1.05 0.050 0.017 0.017
750.96 1.05 0.050 0.017 0.017
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s y n t h e s i z e d  f r o m  A l ( O H ) 3 : T E A  =  1 : 0 . 2  a t  t h e  r e a c t i o n  t e m p e r a t u r e  

o f  2 0 0  °c a n d  t h e  r e a c t i o n  t i m e  o f  3  h  ( F i g u r e  B - l  a n d  B - 2 )

Table B-2 Viscom etric data o f  polymer solutions, measured at 30 ๐c ,  that

C o n c e n t r a t i o n T i m e S D . Or h sp ^Ired ๆ inh

( g / l ) ( s e c ) ( i / g ) ( 1 / g )

0 . 0 0 7 1 3 . 1 8
7 1 3 . 5 9

0 . 2 9 0 - - - -

0 . 5 2 7 2 2 . 7 0 . 0 1 4 1 . 0 1 0 . 0 1 3 0 . 0 2 5 0 . 0 2 5
7 2 2 . 7 1 . 0 1 0 . 0 1 3 0 . 0 2 5 0 . 0 2 5

1 . 2 7 7 3 6 . 5 1 0 . 0 4 9 1 . 0 3 0 . 0 3 2 0 . 0 2 6 0 . 0 2 5
7 3 6 . 4 4 1 . 0 3 0 . 0 3 2 0 . 0 2 5 0 . 0 2 5

1 . 5 9 7 4 2 . 6 2 0 . 0 4 9 1 . 0 4 0 . 0 4 1 0 . 0 2 6 0 . 0 2 5
7 4 2 . 6 9 1 . 0 4 0 . 0 4 1 0 . 0 2 6 0 . 0 2 5

2 . 1 2 7 5 3 . 1 8 0 . 1 5 6 1 . 0 6 0 . 0 5 6 0 . 0 2 6 0 . 0 2 6
7 5 2 . 9 6 1 . 0 6 0 . 0 5 6 0 . 0 2 6 0 . 0 2 5

2 . 6 4 7 6 3 . 7 8 0 . 0 1 4 1 . 0 7 0 . 0 7 1 0 . 0 2 7 0 . 0 2 6
7 6 3 . 7 6 1 . 0 7 0 . 0 7 1 0 . 0 2 7 0 . 0 2 6

Table B-3 V i s c o m e t r i c  d a t a  o f  p o l y m e r  s o l u t i o n s ,  m e a s u r e d  a t  3 0  °c, t h a t

s y n t h e s i z e d  f r o m  A l ( O F I ) 3 : T E A  =  1 : 0 . 4  a t  t h e  r e a c t i o n  t e m p e r a t u r e  

o f  2 0 0  ๐ c  a n d  t h e  r e a c t i o n  t i m e  o f  3  h  ( F i g u r e  B - l  a n d  B - 2 )

C o n c e n t r a t i o n T i m e S D . h r h s p ^Ired hinh

( g / l ) ( s e c ) ( 1 / g ) ( 1 / g )

0 . 0 0 7 1 7 . 3 5
7 1 7 . 2 9

0 . 0 4 2 - - - -

0 . 4 3 7 2 7 . 2 0 0 . 0 9 2 1 . 0 1 0 . 0 1 4 0 . 0 3 2 0 . 0 3 2
7 2 7 . 0 7 1 . 0 1 0 . 0 1 4 0 . 0 3 1 0 . 0 3 1

1 . 3 0 7 4 8 . 3 8 0 . 3 8 9 1 . 0 4 0 . 0 4 3 0 . 0 3 3 0 . 0 3 3
7 4 7 . 8 3 1 . 0 4 0 . 0 4 3 0 . 0 3 3 0 . 0 3 2

1 . 6 2 7 5 6 . 8 6 0 . 1 0 6 1 . 0 6 0 . 0 5 5 0 . 0 3 4 0 . 0 3 3
7 5 6 . 7 1 1 . 0 5 0 . 0 5 5 0 . 0 3 4 0 . 0 3 3

2 . 1 4 7 7 0 . 6 7 0 . 2 2 6 1 . 0 7 0 . 0 7 4 0 . 0 3 5 0 . 0 3 4
7 7 0 . 9 9 1 . 0 7 0 . 0 7 5 0 . 0 3 5 0 . 0 3 4

2 . 7 3 7 8 7 . 5 9 1 . 2 8 7 1 . 1 0 0 . 0 9 8 0 . 0 3 6 0 . 0 3 4
7 8 5 . 7 7 1 . 1 0 0 . 0 9 5 0 . 0 3 5 0 . 0 3 3
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s y n t h e s i z e d  f r o m  A l ( O H ) 3 : T E A  =  1 : 0 . 5  a t  t h e  r e a c t i o n  t e m p e r a t u r e  

o f  2 0 0  ๐ c  a n d  t h e  r e a c t i o n  t i m e  o f  3  h  ( F i g u r e  B - l  a n d  B - 2 )

Table B-4 Viscom etric data o f  polymer solutions, measured at 30 °c, that

C o n c e n t r a t i o n T i m e S D . Or Osp ๆ  red ๆ  inh

( g / 1 ) ( s e c ) ( 1 / g ) ( 1 / g )

0 . 0 0 7 1 2 . 0 2
7 1 2 . 6 7

0 . 4 6 0 - - “ -

0 . 4 3 7 2 3 . 7 4 0 . 0 2 8 1 . 0 2 0 . 0 1 6 0 . 0 3 7 0 . 0 3 7
7 2 3 . 7 0 1 . 0 2 0 . 0 1 6 0 . 0 3 7 0 . 0 3 7

1 . 2 4 7 4 5 . 5 4 0 . 1 9 1 1 . 0 5 0 . 0 4 7 0 . 0 3 8 0 . 0 3 7
7 4 5 . 8 1 1 . 0 5 0 . 0 4 7 0 . 0 3 8 0 . 0 3 7

2 . 0 1 7 6 7 . 7 3 0 . 4 3 1 1 . 0 8 0 . 0 7 8 0 . 0 3 8 0 . 0 3 7
7 6 6 . 8 2 1 . 0 8 0 . 0 7 7 0 . 0 3 8 0 . 0 3 7

2 . 7 3 7 8 8 . 2 7 0 . 4 2 4 1 . 1 1 0 . 1 0 7 0 . 0 3 9 0 . 0 3 7
7 8 7 . 6 7 1 . 1 1 0 . 1 0 6 0 . 0 3 9 0 . 0 3 7

3 . 0 2 7 9 7 . 2 2 0 . 2 1 9 1 . 1 2 0 . 1 1 8 0 . 0 3 9 0 . 0 3 7
7 9 6 . 5 3 1 . 1 2 0 . 1 1 8 0 . 0 3 9 0 . 0 3 7

Table B-5 V i s c o m e t r i c  d a t a  o f  p o l y m e r  s o l u t i o n s ,  m e a s u r e d  a t  3 0  ๐ c ,  t h a t

s y n t h e s i z e d  f r o m  A l ( O H ) 3 : T E A  =  1 : 0 . 6  a t  t h e  r e a c t i o n  t e m p e r a t u r e  

o f  2 0 0  ° c  a n d  t h e  r e a c t i o n  t i m e  o f  3  h  ( F i g u r e  B - l  a n d  B - 2 )

C o n c e n t r a t i o n T i m e ร อ . ๆ  r ๆ Sp ๆ  red ฑ inh

( g / 1 ) ( s e c ) ( 1 / g ) ( 1 / g )

0 . 0 0 7 1 0 . 6 5
7 1 0 . 2 3

0 . 2 9 7 - - - -

0 . 4 8 7 2 5 . 4 2 0 . 1 4 1 1 . 0 2 0 . 0 2 1 0 . 0 4 3 0 . 0 4 3
7 2 5 . 2 2 1 . 0 2 0 . 0 2 1 0 . 0 4 3 0 . 0 4 2

1 . 2 2 7 4 9 . 6 6 0 . 0 7 1 1 . 0 6 0 . 0 5 5 0 . 0 4 5 0 . 0 4 4
7 4 9 . 7 6 1 . 0 6 0 . 0 5 5 0 . 0 4 5 0 . 0 4 4

1 . 6 8 7 6 6 . 2 3 0 . 6 4 3 1 . 0 8 0 . 0 7 8 0 . 0 4 6 0 . 0 4 4
7 6 5 . 3 2 1 . 0 8 0 . 0 7 8 0 . 0 4 6 0 . 0 4 4

2 . 3 8 7 9 2 . 2 5 0 . 6 7 2 1 . 1 2 0 . 1 1 5 0 . 0 4 8 0 . 0 4 6
7 9 1 . 3 0 1 . 1 1 0 . 1 1 4 0 . 0 4 8 0 . 0 4 5

3 . 0 0 8 1 7  2 1 1 . 0 3 2 1 . 1 5 0 . 1 5 0 0 . 0 5 0 0 . 0 4 7
8 1 5 . 7 5 1 . 1 5 0 . 1 4 8 0 . 0 4 9 0 . 0 4 7
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Table B-6. V i s c o m e t r i c  d a t a  o f  p o l y m e r  s o l u t i o n s ,  m e a s u r e d  a t  3 0  ๐ c ,  t h a t  

s y n t h e s i z e d  f r o m  A l ( O H ) 3 : T E A  =  1 : 1  a t  t h e  r e a c t i o n  t e m p e r a t u r e  

o f  2 0 0  °c a n d  t h e  r e a c t i o n  t i m e  o f  3  h  ( F i g u r e  B - l  a n d  B - 2 )

Concentration Time SD. hr h sp hred ๆ inh
(g/1) (sec) (1/g) (1/g)
0.00 712.50

712.58
0.057 - - - -

0.43 726.71 0.064 1.02 0.020 0.046 0.045
726.62 1.02 0.020 0.046 0.045

1.26 755.55 0.144 1.06 0.060 0.048 0.046
755.30 1.06 0.060 0.048 0.046

2.34 796.50 0.700 1.12 0.118 0.050 0.047
795.51 1.12 0.116 0.050 0.047

2.78 814.27 0.375 1.14 0.143 0.051 0.048
814.80 1.14 0.144 0.051 0.048

3.12 828.24 0.099 1.16 0.162 0.052 0.048
828.38 1.16 0.162 0.052 0.048
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นๆรุ.C/1CT

C o n cen tra tio n  (g/l)

(x = 0.4) (x = 0.5)

0 1 2  3 4
C o n e n tra t io n  (g/l)

(X = 0.6)

Figure B-l R e d u c e d  s p e c if ic  v is c o s i ty  v e r s u s  p o ly m e r  c o n c e n t r a t io n ,

m e a s u r e d  a t 3 0  °c, o f  a lu m a tr a n e  c o m p le x e s  s y n th e s iz e d  f ro m  
A l( O H ) 3 :T E A  =  1 :x  w h e r e  X =  0 .1 , 0 .2 , 0 .4 , 0 .5 , 0 .6  a n d  1 a t  th e  

r e a c t io n  te m p e r a tu r e  o f  2 0 0  °c a n d  th e  re a c t io n  t im e  o f  3 h .



เทฦ
 /c

 (1
/g)

 
Inr
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Figure B-2 In h e r e n t  v is c o s i ty  v e r s u s  p o ly m e r  c o n c e n t r a t io n ,  m e a s u r e d  

a t 3 0  ๐c ,  o f  a lu m a tr a n e  c o m p le x e s  s y n th e s iz e d  fro m  

A l( O H ) 3 :T E A  =  1 :x  w h e r e  X =  0 .1 , 0 .2 , 0 .4 , 0 .5 , 0 .6  a n d  1 a t th e  
re a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c  a n d  th e  re a c t io n  t im e  o f  3 h .
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s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A  =  2:1 a t r e a c t io n  te m p e r a tu r e s  o f  

140 °c a n d  a t  th e  re a c t io n  t im e  o f  3 h (F ig u re B -3  a n d  B -4 )

Table B-7 Viscometric data of polymer solutions, measured at 30°c, that

C o n c e n tra tio n T im e ร อ . ๆ, ๆรP red hinh
(g/1) (sec) (1/g) (1/g)
0 .00 7 1 4 .1 6

714 .45
0 .049 - “ ” -

0 .49 721 .92 0 .3 3 9 1.01 0.011 0 .0 2 2 0 .022
721 .85 1.01 0.011 0 .0 2 2 0 .022

1.26 7 34 .42 0 .085 1.02 0 .028 0 .0 2 2 0 .022
7 33 .94 1.03 0 .027 0 .0 2 2 0 .022

1.77 7 42 .99 0 .035 1.04 0 .040 0 .0 2 2 0 .022
743.11 1.04 0 .040 0 .023 0 .023

2 .36 7 53 .38 0 .834 1.05 0 .055 0 .023 0 .023
767.81 1.05 0 .055 0 .023 0 .023

3 .17 768 .99 0.205 1.07 0 .075 0 .0 2 4 0 .023
714 .16 1.08 0 .076 0 .0 2 4 0 .023

T able B-8 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t  30°c, th a t

s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A  =  2:1  a t r e a c t io n  te m p e r a tu r e s  o f  

160  ๐c  a n d  a t  th e  re a c t io n  t im e  o f  3 h  (F ig u re B -3  a n d  B -4 )

C o n c e n tra tio n T im e ร อ . hr hsp h  red hinh
(g/1) (sec) (1/g) (1/g)
0 .00 7 14 .76

714 .63
0.092 - - - -

0 .57 7 2 5 .1 7 0 .092 1.01 0 .015 0 .0 2 6 0 .0 2 6
7 2 5 .0 4 1.01 0 .014 0 .025 0 .025

1.42 741.41 0.283 1.04 0 .037 0 .0 2 6 0 .0 2 6
741.01 1.04 0 .037 0 .0 2 6 0 .0 2 6

2 .07 754.31 0 .262 1.06 0 .055 0 .0 2 7 0 .0 2 6
7 53 .94 1.05 0 .055 0 .0 2 7 0 .026

2 .38 760.41 0.071 1.06 0 .064 0 .0 2 7 0 .0 2 6
760.51 1.06 0 .0 6 4 0 .0 2 7 0 .0 2 6

3 .40 7 82 .08 0.361 1.09 0 .094 0 .028 0 .0 2 7
7 81 .57 1.09 0 .094 0 .028 0 .0 2 6
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s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A  =  2:1 a t r e a c t io n  te m p e r a tu r e s  o f  

180 °c a n d  a t th e  re a c t io n  t im e  o f  3 h (F ig u re B -3  a n d  B -4 )

Table B-9 Viscometric data of polymer solutions, measured at 30°c, that

C o n c e n tra tio n T im e SD. hr ๆ Sp hred ฑini,
(g/1) (sec) (1/g) (1/g)
0 .00 716 .09

716 .54
0 .318 - - - -

0.73 732 .20 0 .148 1.02 0 .022 0 .0 3 0 0 .030
732.41 1.02 0 .022 0.031 0 .030

1.49 749 .76 0 .290 1.05 0 .047 0.031 0.031
749 .35 1.05 0 .046 0.031 0 .0 3 0

2 .09 764 .72 1.061 1.07 0 .068 0 .032 0.031
763 .22 1.06 0 .065 0.031 0 .0 3 0

2 .69 780 .10 0 .170 1.09 0 .089 0 .033 0 .032
780 .34 1.09 0 .089 0 .033 0 .032

3 .36 798 .55 0 .240 1.11 0 .114 0 .0 3 4 0 .032
798.21 1.11 0 .114 0 .0 3 4 0 .032

T ab le B-10 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t  3 0 ° c ,  th a t

s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A  =  2:1  a t r e a c t io n  te m p e r a tu r e s  o f  

2 0 0  ๐c  a n d  a t th e  re a c t io n  t im e  o f  3 h  (F ig u re B -3  a n d  B -4 )

C o n c e n tra tio n

(g/1)

T im e
(sec)

SD . hr hsp
(1/g)

h  red นๆ,!, 
(1/g)

0 .00 713 .78
713 .87

0 .064 - - - -

0 .62 730 .85
730.53

0 .226 1.024
1.023

0 .024
0.023

0 .0 3 8
0 .0 3 8

0 .038
0 .037

1.29 75 0 .1 6
749 .53

0 .446 1.051
1.050

0.051
0 .050

0 .0 3 9
0 .0 3 9

0 .038
0 .038

2.01 772.51
772 .30

0 .149 1.082
1.082

0 .082
0 .082

0.041
0.041

0 .039
0 .0 3 9

2 .32
7 82 .39

0 .113 1.096
1.096

0 .096
0 .0 9 6

0.041
0.041

0 .0 3 9
0 .040

2 .85 7 99 .74
800 .52

0.551 1.120
1.121

0 .1 2 0
0.121

0 .0 4 2
0 .043

0 .0 4 0
0 .040
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T able B -l 1 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t 3 0 ° c ,  th a t

s y n th e s iz e d  f ro m  A l ( O H ) 3 :T E A  =  2:1 a t  r e a c t io n  t e m p e r a tu r e s  o f  

2 2 0  ๐c  a n d  a t th e  re a c t io n  t im e  o f  3 h  (F ig u re B -3  a n d  B -4 )

C o n c e n tra tio n T im e SD . Or Osp 0  red ]ๆท!,
(g/1) (sec) (1/g) (1/g)
0 .00 714 .65

715.21
0 .396 - - - -

0 .77 738 .63 0 .149 1.03 0.033 0 .043 0 .042
7 38 .42 1.03 0 .033 0 .043 0 .042

1.40 7 59 .26 oÔ 1.06 0 .062 0 .0 4 4 0 .043
758.83 1.06 0.061 0 .0 4 4 0 .043

2 .27 79 0 .0 0 1.10 1.11 0 .105 0 .0 4 6 0 .044
788 .45 1.10 0.103 0 .045 0 .044

2 .68 805.11 0 .44 1.13 0 .126 0 .0 4 7 0 .044
8 05 .74 1.13 0 .127 0 .0 4 7 0.045

3.38 832 .05 0.45 1.16 0 .164 0 .048 0 .045
8 32 .69 1.16 0 .165 0 .048 0.045
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Reliction temperature = 140 °c Reaction temperature = 160 °c

Reaction temperature = 180 °c

'๖.

C on cen tra tion  (g/l)

Reaction temperature = 220 °c

Figure B-3 R e d u c e  s p e c if ic  v is c o s i ty  v e r s u s  p o ly m e r  c o n c e n t r a t io n ,  m e a s u r e d  

a t  3 0  ° c ,  o f  a lu m a tr a n e  c o m p le x e s  s y n th e s iz e d  f ro m  

A l( O H ) 3 :T E A  =  2:1  a t  th e  v a r io u s  re a c t io n  te m p e r a tu r e s  a n d  th e  
re a c t io n  t im e  o f  3 h.
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Reaction temperature = 140 °c
C oncentra tion  (g/l)

Reaction temperature = 160 °c

C oncentration  (g/l)

Reaction temperature = 180 °c

0 1 2  3 4
C oncentra tion  (g/l)

Reaction temperature = 200 °c

Concentration (g/l)

Reaction temperature = 220 °c

Figure B -4  In h e re n t  v is c o s i ty  v e r s u s  p o ly m e r  c o n c e n t r a t io n ,  m e a s u r e d  a t  3 0  

°c, o f  a lu m a tr a n e  c o m p le x e s  s y n th e s iz e d  f ro m  A l ( O H ) 3 :T E A  

=  2:1  a t th e  v a r io u s  re a c t io n  te m p e r a tu r e s  a n d  th e  r e a c t io n  t im e
o f  3 h .
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Table B-12 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u re d  a t 3 0 ° c ,  th a t

s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A  =  2:1 a t r e a c t io n  t im e  o f  1 h a n d  

th e  re a c t io n  te m p e r a tu r e  2 0 0 ° c  (F ig u re B -5  a n d  B -6 )

C o n cen tra tio n T im e SD . 'ใ, T p Ted ๆ,nh
(g/1) (sec) (1/g) (1/g)
0 .00 717 .63

7 17 .84
0 .148 “ “ “ -

0 .432 72 1 .2 4 0 .007 1.00 0.005 0.011 0.011
721 .25 1.00 0.005 0.011 0.011

1.69 7 31 .82 0.035 1.02 0 .020 0 .012 0 .0 1 2
731 .77 1.02 0 .020 0 .012 0.011

2 .17 736 .03 0.021 1.02 0 .025 0 .012 0 .0 1 2
73 6 .0 6 1.03 0 .026 0 .012 0 .0 1 2

2 .77 741 .35 0 .325 1.03 0.033 0 .012 0 .012
741.81 1.03 0 .034 0 .012 0 .0 1 2

3 .27 745 .95 0 .226 1.04 0 .039 0 .012 0 .0 1 2
74 6 .2 7 1.04 0 .040 0 .012 0 .0 1 2

Table B-13 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t  30°c, th a t

s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A  =  2:1  a t r e a c t io n  t im e  o f  2 h a n d  

th e  re a c t io n  te m p e r a tu r e  2 0 0 ° c  (F ig u re B -5  a n d  B -6 )

C o n c e n tra tio n T im e SD. hr T p ๆ red ๆ inh
(g/1) (sec) (1/g) (1/g)
0 .00 712 .43

712 .55
0.085 - - - -

0 .43 7 17 .68 0 .000 1.01 0.001 0 .017 0 .0 1 7
7 17 .68 1.01 0.001 0 .017 0 .0 1 7

1.27 7 27 .92 0 .064 1.02 0.022 0 .017 0 .0 1 7
727.83 1.02 0 .022 0 .017 0 .0 1 7

1.54 73 1 .2 6 0 .056 1.03 0 .026 0 .017 0 .0 1 7
7 31 .34 1.03 0 .026 0 .017 0 .0 1 7

2 .12 7 38 .62 0 .014 1.04 0 .037 0 .017 0 .017
7 3 8 .6 4 1.04 0 .037 0 .017 0 .017

2 .86 748.11 0.021 1.05 0 .050 0 .018 0 .017
748 .08 1.05 0 .050 0 .017 0 .017
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Table B-14 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t 3 0 ° c ,  th a t

s y n th e s iz e d  f ro m  A l ( O H ) 3 :T E A  =  2:1 a t r e a c t io n  t im e  o f  3 h a n d  

th e  r e a c t io n  te m p e r a tu r e  2 0 0 ° c  (F ig u re B -5  a n d  B -6 )

C o n cen tra tio n T im e SD . hr hsp hred hi nil

(๙ !) (sec) (1/g) (1/g)
0 .00 7 14 .82

714 .25
0.403 - - “ -

0 .38 7 2 1 .0 4 0 .028 1.01 0 .009 0 .024 0 .0 2 4
721 .08 1.01 0 .009 0 .024 0 .0 2 4

1.06 7 3 3 .2 8 0 .092 1.03 0 .026 0 .025 0 .0 2 4
733.41 1.03 0 .026 0 .025 0 .0 2 4

1.44 740.21 0 .0 5 6 1.04 0 .036 0 .025 0 .0 2 4
740 .13 1.04 0 .036 0 .025 0 .0 2 4

2 .03 751 .75 0.283 1.05 0 .052 0 .026 0 .025
751.35 1.05 0 .052 0 .025 0 .025

2 .75 7 66 .14 0.643 1.07 0 .072 0 .026 0 .025
765.23 1.07 0.071 0 .0 2 6 0 .025

Table B-15 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t 3 0 ° c ,  th a t

s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A  =  2:1  a t r e a c t io n  t im e  o f  4  h  a n d  

th e  r e a c t io n  te m p e r a tu r e  2 0 0 ° c  (F ig u re B -5  a n d  B -6 )

C o n cen tra tio n

(g/1)

T im e
(sec)

SD. hr hsp hred
(1/g)

hinh
(1/g)

0 .00 7 1 7 .4 2 0 .283 1.02 - - -

7 1 7 .0 2 1.02
0 .65 7 2 9 .3 9 0.021 1.03 0 .017 0 .0 2 6 0 .0 2 6

7 29 .42 1.03 0 .017 0 .0 2 6 0 .0 2 6
1.22 7 4 0 .3 6 0 .042 1.04 0 .032 0 .0 2 6 0 .0 2 6

7 40 .42 1.04 0 .032 0 .0 2 6 0 .0 2 6
1.64 748.51 0 .028 1.06 0 .044 0 .027 0 .0 2 6

748 .55 1.06 0 .044 0 .0 2 7 0 .0 2 6
2.31 762.41 0 .325 1.06 0.063 0 .027 0 .0 2 6

761 .95 1.06 0 .062 0 .027 0 .0 2 6
2 .7 6 7 71 .49 0 .078 1.08 0 .076 0 .0 2 7 0 .0 2 6

77 1 .6 0 1.08 0 .076 0 .027 0 .0 2 6
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Table B -16 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u re d  a t 3 0 ° c . th a t

s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A  =  2:1 a t r e a c t io n  t im e  o f  5 h a n d  

th e  re a c t io n  te m p e r a tu r e  200°c (F ig u re B -5  a n d  B -6 )

C o n c e n tra tio n T im e SD . hr ๆ sp h  red ๆ, nh
(๙1) (sec) (1/g) (1/g)
0 .00 7 1 2 .8 6

712 .95
0 .064 - - “ -

0 .49 722 .32 0.021 1.01 O O น-) 0 .027 0 .0 2 7
722 .35 1.01 0.013 0 .027 0 .0 2 7

1.32 739 .23 0.071 1.04 0 .037 0 .028 0 .027
739 .13 1.04 0 .037 0 .028 0 .0 2 7

2 .17 757 .13 0 .233 1.06 0 .062 0 .0 2 9 0 .0 2 7
7 5 7 .4 6 1.06 0 .062 0 .0 2 9 0 .028

2.61 7 66 .97 0.141 1.08 0 .076 0 .0 2 9 0 .028
76 7 .1 7 1.08 0 .076 0 .0 2 9 0 .028

3 .20 78 0 .4 0 0 .502 1.095 0.095 0 .0 3 0 0 .028
781.11 1.096 0 .096 0 .0 3 0 0 .028
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Reaction time = 2 h

C oncentra tion  (g/l) C oncen tra tion  (g/l)

Reaction time = 3 h Reaction time = 4 h

C o n c e n tra tio n  (g/l)

Reaction time = 5 h

Figure B-5 Reduced specific viscosity versus polymer concentration,
measured at 30 ๐c ,  o f  alumatrane com plexes synthesized from 
A l(O H )3 :TEA = 2:1 at various reaction times and at the reaction 
temperature o f  200°c.
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Reaction time = 1 h

C oncen tra tion  (g/1)

Reaction time = 3 h

.0174 
พิ  0172
5  .0170
^  .0168

.0166
0 1 2  3 4

C oncentra tion  (g/1)

Reaction time = 2 h

C oncen tra tion  (g/1)

Reaction time = 5 h

Figure B-6 In h e re n t  v is c o s i ty  v e r s u s  p o ly m e r  c o n c e n t r a t io n ,  m e a s u r e d  a t  3 0  

๐c ,  o f  a lu m a tr a n e  c o m p le x e s  s y n th e s iz e d  f ro m  A l ( O H ) 3 :T E A  
=  2:1 a t v a r io u s  r e a c t io n  t im e s  a n d  a t  th e  re a c t io n  
te m p e r a tu r e  o f  200°c.
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T able B-17 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u re d  a t 3 0  ๐c ,  th a t  

s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A :T E T A  =  2 :1 :1  a t th e  r e a c t io n  

t im e  o f  3 h  a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c  ( F ig u r e B - 7  a n d  

B -8 )

C o n cen tra tio n T im e SD . hr hsp ๆ red ๆ ๗,
(g/1) (sec) (1/g) (1/g)
0 .00 7 15 .48

7 1 5 .2 6
0 .156 - - - -

0.53 7 2 1 .4 7 0 .028 1.01 0 .008 0 .0 1 6 0 .0 1 6
721 .43 1.01 0 .008 0 .0 1 6 0 .0 1 6

1.30 7 30 .55 0 .042 1.02 0.021 0 .016 0 .016
73 0 .4 9 1.02 0.021 0 .016 0 .016

1.64 7 34 .68 0.205 1.03 0 .027 0 .0 1 6 0 .0 1 6
73 4 .3 9 1.03 0 .027 0 .0 1 6 0 .0 1 6

2 .33 74 3 .2 7 0 .084 1.04 0 .039 0 .0 1 7 0 .0 1 6
743 .15 1.04 0 .039 0 .0 1 7 0 .0 1 6

2 .76 74 8 .7 7 0 .248 1.05 0 .047 0 .017 0 .0 1 6
74 9 .1 2 1.05 0 .047 0 .017 0 .0 1 7

T able B -18 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t 3 0  °c, th a t  

s y n th e s iz e d  f ro m  A l(O E I)3 :T E A :T E T A  =  2 :1 :2 .5  a t  th e  re a c t io n  
t im e  o f  3 h  a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c  ( F ig u r e B - 7  a n d  
B -8 )

C o n c e n tra tio n T im e SD . ๆ, ๆรP h  red him,
(๙ !) (sec) (1/g) (1/g)
0 .00 7 14 .02  

714  36
0 .240 - - - -

0 .39 7 1 8 .8 7 0 .0283 1.01 0 .007 0 .0 1 7 0 .0 1 7
718 .83 1.01 0 .006 0 .017 0 .0 1 7

1.32 7 3 0 .9 4 0 .057 1.02 0.023 0 .018 0 .018
7 31 .02 1.02 0 .024 0 .018 0 .018

1.63 735 .13 0 .092 1.03 0 .029 0 .018 0 .018
7 3 5 .2 6 1.03 0 .029 0 .018 0 .018

2 .26 744 .13 0 .028 1.04 0 .042 0 .018 0 .018
7 4 4 .0 9 1.04 0 .042 0 .018 0 .018

2 .86 7 52 .92 0 .022 1.05 0 .054 0 .0 1 9 0 .018
752 .95 1.05 0 .054 0 .0 1 9 0 .018
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Table B-19 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t 3 0  °c, th a t  
s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A :T E T A  =  2 :1 :5  a t th e  r e a c t io n  
t im e  o f  3 h a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  °c ( F ig u r e B - 7  a n d  

B -8 )

C o n cen tra tio n T im e SD . Or Osp red Tnh
(g/1) (sec) (1/g) (1/g)
0 .00 7 12 .64

712 .65
0 .010 - “ - -

0 .46 7 2 1 .4 4 0 .022 1.01 0 .012 0 .027 0 .026
721.41 1.01 0 .012 0 .026 0 .026

1.24 737 .43 0 .064 1.03 0 .035 0 .028 0 .027
7 37 .52 1.03 0 .035 0 .028 0 .027

1.64 7 4 6 .1 4 0 .106 1.05 0 .047 0 .028 0 .028
7 4 6 .2 9 1.05 0 .047 0 .029 0 .028

2 .65 7 69 .80 0.311 1.08 0 .0 8 0 0 .030 0 .029
7 6 9 .3 6 1.08 0 .080 0 .0 3 0 0 .029

3 .12 7 8 1 .5 9 0 .523 1.10 0 .097 0.031 0 .030
782 .33 1.10 0 .098 0.031 0 .030

T able B -20 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t 3 0  ๐c ,  th a t  
s y n th e s iz e d  fro m  A l( O H ) 3 :T E A :T E T A  =  2:1  ะ?.5 a t  th e  r e a c t io n  
t im e  o f  3 h a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  °c ( F ig u r e B - 7  a n d  
B -8 )

C o n c e n tra tio n T im e SD . ๆ r ๆร P red ทinh
(g/1) (sec) (1/g) (1/g)
0 .0 0 7 1 3 .6 9

713 .45
0 .1 7 0 - - - -

0 .53 7 2 6 .3 0 0 .036 1.02 0 .018 0 .0 3 4 0 .034
726 .25 1.02 0 .018 0 .034 0 .033

1.23 745 .42 0 .184 1.04 0.045 0 .036 0 .035
74 5 .1 6 1.04 0 .044 0 .0 3 6 0 .035

1.66 75 7 .9 7 0 .262 1.06 0 .062 0 .0 3 7 0 .036
75 8 .3 4 1.06 0.063 0 .038 0 .037

2 .37 7 8 0 .9 6 0.361 1.09 0 .094 0 .0 4 0 0 .038
781 .47 1.10 0 .100 0 .040 0 .038

3.01 803 .84 0 .014 1.13 0 .126 0.041 0 .039
80 3 .8 6 1.13 0 .126 0 .042 0 .040
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T able B-21 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u re d  a t 30 °c. th a t  
s y n th e s iz e d  fro m  A l( O H ) 3 ‘.T E A :T E T A  =  2 :1 :1 0  a t  th e  re a c t io n  

t in te  o f  3 h  a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  ° c  ( F ig u r e B - 7  a n d  

B -8 )

C o n cen tra tio n T im e SD . Or Osp hied ๆ ๒!1
(g/1) (sec) (1/g) (1/g)
0 .00 713.11

7 13 .68
0 .403 - “ “ -

0 .50 726 .73 0 .127 1.02 0 .019 0 .0 3 7 0 .037
726 .55 1.02 0 .018 0 .037 0 .0 3 6

1.30 7 50 .52 0 .785 1.05 0 .052 0 .040 0 .039
749.41 1.05 0 .050 0 .0 3 9 0 .038

1.68 76 2 .9 6 0 .092 1.07 0 .069 0.041 0 .0 4 0
76 3 .0 9 1.07 0 .070 0.041 0 .0 4 0

2 .38 78 7 .5 7 0.721 1.04 0 .104 0 .044 0.041
78 8 .5 9 1.05 0.105 0 .0 4 4 0 .042

3 .07 813.91 0 .212 1.14 0.141 0 .046 0 .043
814.21 1.14 0.141 0 .046 0 .043

T able B-22 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s ,  m e a s u r e d  a t  3 0  ๐c ,  th a t  
s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A :T E T A  =  2 :1 :1 5  a t th e  r e a c t io n  

t im e  o f  3 h  a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  ° c  ( F ig u r e B - 7  a n d  
B -8 )

C o n c e n tra tio n T im e SD . hr hsp hred hinh
(g/1) (sec) (1/g) (1/g)
0 .00 7 15 .68

715 .32
0 .255 - - - -

0 .5 2 7 7 3 0 .8 9 0 .750 1.02 0 .022 0.041 0 .0 4 0
731 .95 1.02 0.023 0 .044 0 .043

1.33 7 57 .22 0 .198 1.06 0 .058 0 .044 0 .043
7 5 6 .9 4 1.06 0 .058 0 .044 0 .042

1.76 7 7 2 .8 7 0 .1 5 6 1.08 0 .080 0 .046 0 .0 4 4
7 72 .65 1.08 0 .080 0 .046 0 .044

2 .42 7 9 9 .1 7 0 .022 1.12 0 .117 0 .048 0 .0 4 6
7 9 9 .2 0 1.12 0 .117 0 .048 0 .046

3 .14 830  66 0 .580 1.16 0.161 0.051 0 .047
8 29 .84 1.16 0 .160 0.051 0 .047
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0 1 2  3
( onccntration  (g/l) C oncen tration  (g/l)
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Figure B-7 R e d u c e d  s p e c if ic  v is c o s i ty  v e r s u s  p o ly m e r  c o n c e n t r a t io n .

m e a s u r e d  a t 3 0  °c. o f  a lu m a tr a n e  c o m p le x e s  s y n th e s iz e d  fro m  
A l ( O H ) 3 :T E A :T E T A =  1 0 :5 :x  w h e r e  X =  1 :2 .5 :5 :7 .5 :1 0 :1 5  

a t th e  r e a c t io n  t im e  o f  3 h . a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c .
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Figure B-8 Inherent viscosity  versus polymer concentration, measured at 30 
๐c ,  o f  alumatrane com plexes synthesized from 
A l(O H )3 :TEA:TETA = 10:5:x where X = 1:2.5:5:7.5:10:15  
at the reaction time o f  3 h. and the reaction temperature o f  200 ° c .
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A P P E N D IX  c
Data from  Light Scattering M easurem ent.

T able C -l V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  0 .4 7 3  g/1, 

m e a s u r e d  a t 3 0  °c, th a t  s y n th e s iz e d  f ro m  A l ( O H ) 3 :T E A :T E T A  =  

1 0 :5 :1 , a t v a r io u s  T E T A  c o n te n ts  a t  th e  re a c t io n  t im e  o f  3 h  a n d  th e  
re a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c  ( F ig u re  C - l )

Angle Sample Mean In range Merit Dapp Poly-
time (|is) (nm) (cm2/s) dispersity

60° 10 194.0 88.8 47.2 l.32e-9 0.776
10 192.8 86.0 45.3 1,48e-9 0.691
10 196.8 84.8 46.1 l.30e-9 0.707
10 199.7 88.6 46.8 1.28e-9 0.718

Average - 195.8 - - 1.34e-9 0.723
S.D. - 3.079 - - 9.15e-1 0.037
75° 7 153.9 93.3 50.6 1.66e-9 0.506

7 137.8 92.4 49.9 1.85e-9 0.452
7 157.8 90.3 49.5 1.62e-9 0.519
7 170.5 92.3 50.6 1.5e-9 0.561

Average - 155.0 - - 1.66e-9 0.510
S.D. - 13.48 - - 1.45e-10 0.045
90° 5 193.9 89.8 47.8 l.32e-9 0.348

5 198.1 90.0 48.2 1.29e-9 0.356
5 202.5 84.7 50.3 1.26e-9 0.364
5 192.6 91.6 49.7 1.32e-9 0.346

Average - 196.8 - - 1.30e-9 0.354
S.D. - 4.481 - - 2.87e-l 1 8.07e-3
105° *■> 134.1 93.6 40.5 1.90e-9 0.191->J 130.6 93.0 39.8 1.95e-9 0.186-» 144.9 92.9 39.0 1.76e-9 0.207

3 120.4 93.5 40.3 2.12e-9 0.172Average - 132.5 - - 1.93e-9 0.189
S.D. - 10.10 - - 1.49e-10 0.014



94

T able C-2 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  1 .183  g/1, 

m e a s u re d  a t  3 0  ๐c , th a t  s y n th e s iz e d  fro m  A l ( O H ) 3 :T E A :T E T A  =  
1 0 :5 :1 , a t v a r io u s  T E T A  c o n te n ts  a t th e  re a c t io n  t im e  o f  3 h a n d  th e  

re a c t io n  te m p e r a tu r e  o f  2 0 0  °c ( F ig u r e  C - l )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

๐oso 10 228.9 89.3 49.3 l.lle-9 0.822
10 217.4 91.3 50.2 1.17e-9 0.781
10 220.1 93.0 48.4 1.16e-9 0.791
10 219.7 90.4 48.2 1.16e-9 0.789

Average - 221.5 - - 1 15e-9 0.796
S.D. - 5.059 - - 2.71e-11 0.018
75° 7 227.8 92.3 50.2 1.12e-9 0.552

7 205.9 92.1 49.0 1,24e-9 0.499
7 210.9 90.0 49.8 1.21 e-9 0.511
7 217.4 88.6 45.0 1.15e-9 0.537

Average - 215.5 - - 1.19e-9 0.525 ,
S.D. - 9.456 - - 6.24e-l 1 0.024
90° 5 193.9 84.4 51.8 1.32e-9 0.348

5 196.2 92.7 50.8 1.32e-9 0.352
5 192.8 84.8 51.4 1.32e-9 0.346
5 199.3 84.6 50.4 1.32e-9 0.358

Average - 195.6 - - 1.32e-9 0.351
S.D. - 2.873 - - 0.00 5.17e-3
105° ท 169.2 85.2 46.5 1.32e-9 0.241->j 177.4 87.2 46.7 1.32e-9 0.253

3 174.7 88.6 46.6 1.32e-9 0.249->J 179.9 86.8 46.4 ].32e-9 0.257
Average - 175.3 - - 1.32e-9 0.250

S.D. - 4.588 - - 0.00 6.56e-3
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T able C-3 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  1 .6 5 6  g/1, 

m e a s u r e d  a t  3 0  °c, th a t  s y n th e s iz e d  fro m  A l( O H ) 3 :T E A :T E T A  =  

1 0 :5 :1 , a t v a r io u s  T E T A  c o n te n ts  a t th e  re a c t io n  t im e  o f  3 h  a n d  th e  
re a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c  (F ig u re  C - l )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (ทท'') (cm2/s) dispersity

60° 10 232.6 84.6 40.9 1.10e-9 0.836
10 234.2 84.7 42.0 1,09e-9 0.893
10 235.5 87.4 42.5 !.08e-9 0.846
10 231.9 88.0 43.4 1.10e-9 0.983

Average - 233.6 - - 1.09e-9 0.889
S.D. - 1.618 - - 9.57e-12 0.06775๐ 7 199.3 92.6 46.5 1.28e-9 0.483

7 204.8 95.9 47.4 1.25e-9 0.497
7 207.6 92.3 48.6 1.23e-9 0.503
7 200.4 90.5 47.0 1.27e-9 0.486

Average - 203.0 - - 1.26e-9 0.492
S.D. - 3.866 - - 2.22e-l 1 9.42e-3

ร๐ o ๐ 5 184.4 86.9 50.7 1.38e-9 0.331
5 185.7 92.6 49.6 1.37e-9 0.334
5 178.8 86.3 51.3 1.43e-9 0.321
5 188.7 85.3 50.3 1.35e-9 0.339

Average - 184.4 - - 1.38e-9 0.331
S.D. - 4.145 - - 3.40e-l 1 7.40e-3
105° -»J 156.9 84.3 49.1 1.63e-9 0.224

Jๆ 155.5 89.5 50.2 1,64e-9 0.222->ว์ 156.7 86.5 51.1 1.63e-9 0.224•** 155.5 85.2 50.7 1,64e-9 0.222Average - 156.2 - - 1.63e-9 0.223S.D. - 0.755 - - 5.77e-12 1.06e-3
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T able C -4 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  2.129 g/1, 
m e a s u r e d  a t 30 ๐c ,  th a t  s y n th e s iz e d  fro m  A l( O H ) 3 :T E A :T E T A  =  

10:5:1, a t v a r io u s  T E T A  c o n te n ts  a t  th e  re a c t io n  t im e  o f  3 h  a n d  

th e  r e a c t io n  te m p e r a tu r e  o f  200 ๐c  ( F ig u re  C - l )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cmVs) dispersity

๐oSO 10 172.5 94.5 55.2 1.48e-9 0.936
10 173.2 96.3 50.9 1 47e-9 0.994
10 171.8 89.7 52.9 1.49e-9 0.907
10 162.1 89.1 52.4 1.57e-9 0.910

Average - 169.9 - - 1.50e-9 0.937
S.D. - 5.231 - - 4.57e-l 1 0.040
75° 7 219.7 88.6 59.7 1.16e-9 0 533

7 221.1 90.6 53.8 1.15e-9 0.536
7 218.1 93.4 54.1 l,17e-9 0.529
7 221.7 86.9 56.0 1.15e-9 0.537

Average - 220.2 - - 1.16e-9 0.534
S.D - 1.603 - - 9.57e-12 3.86e-3
90° 5 193.9 89.0 52.2 1.38e-9 0.348

5 192.6 89.6 50.3 1.37e-9 0.346
5 194.2 94.2 53.7 1,43e-9 0.349
5 195.3 86.9 54.7 l.35e-9 0.351

Average - 194.0 - - 1.35e-9 0.348
S.D. - 1.111 - - 3.40e-l 1 2.03e-3
105° ->J 177.3 93.8 56.0 1.43e-9 0.253-> 178.0 88.6 54.7 1,49e-9 0.254OJ 170.7 87.6 57.8 1,45e-9 0.244

3 176.1 93.3 56.6 1.44e-9 0.251
Average - 175.5 - - 1.45e-9 0.250

S.D. - 3.311 - - 2.63e-l 1 4.76e-3
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Concentration = 0.473 g/l Concentration = 1.183 g/l

2.5e-9 
2.0e-9 
1.X--9 
I ,()e-9

1-1’ 5.0e-10
0.0e+0

2e+10 4e+IO 6e+IO 8e+IO 
q2 (cm'2) q2 (cm 2)

Concentration = 1.656 g/l Concentration = 2.129 g/l

F igure C -l Angle-dependendence o f  the apparent diffusion coefficient o f  the 
alumatrane com plex versus q2 at various concentration, 
measured at 30 ๐c  using A l(O H )3 :TEA:TETA = 10:5:1, the 
reaction time o f  3 h , and the reaction temperature o f  200 ๐c .
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T able C - 5  C e n te r  o f  m a s s  d i f fu s io n  c o e f f ic ie n ts  o f  th e  a lu m a tr a n e  

c o m p le x e s  a t v a r io u s  c o n c e n t r a t io n s ,  m e a s u r e d  a t 3 0  ๐c ,  

u s in g  A l ( O H ) 3 :T E A :T E T A  =  1 0 :5 :1 , th e  re a c t io n  t im e  o f  3 h , 

a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c

Concentration (g/1) Dcm (cnf/sec)
0.473 1,02e-9
1.183 1.03e-9
1.656 7.37e-10
2.129 1.52e-9

F igure C - 2  C e n te r  o f  m a s s  d if f u s io n  c o e f f ic ie n ts  o f  th e  a lu m a tr a n e

c o m p le x e s  v e r s u s  p o ly m e r  c o n c e n t r a t io n ,  m e a s u r e d  a t 3 0  ๐c ,  
u s in g  A l ( O H ) 3 :T E A :T E T A  =  1 0 :5 :1 , th e  r e a c t io n  t im e  o f  3 h , 
a n d  th e  r e a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c .
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T ab le C-6 V is c o m e tr ic  

m e a s u re d  a t 
1 0 :5 :2 .5  , a t 

th e  re a c t io n

d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  0 .6 9 5  g/1, 

3 0  °c, th a t  s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A :T E T A  =  

v a r io u s  T E T A  c o n te n ts  a t th e  re a c t io n  t im e  o f  3 h  a n d  

te m p e r a tu r e  o f  2 0 0  ๐c  ( F ig u re  C -3 )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

60° 10 232.7 89.8 47.6 1.10e-9 0.985
10 227.0 90.4 49.2 1.12e-9 0.967
10 215.6 89.6 45.5 1.18e-9 0.985
10 220.3 88.7 50.1 1.16e-9 0.991

Average - 223.9 - - 1.14e-9 0.982
S.D. - 7.503 - - 3.65e-l 1 0.01075๐ 7 217.3 92.7 46.8 U7e-9 0.528

7 22.8 89.5 49.5 l-15e-9 0.546
7 221.3 91.3 44.3 1.15e-9 0.539
7 216.5 93.3 514 1.18e-9 0.528

Average - 219.5 - - 1.16e-9 0.535
S.D. - 3.053 - - 1.50e-l 1 8.870e-3

vO o o 5 170.9 89.5 45.5 1,44e-9 0.318
5 191.8 90.5 49.3 l.33e-9 0.346
5 189.4 90.0 47.1 1.35e-9 0.337
5 196.6 92.8 47.3 1.30e-9 0.359

Average - 187.2 - - 1.36e-9 0.340
S.D. - 11.26 - - 6.03e-l 1 0.017
105° 3 158.1 87.2 54.2 1.61 e-9 0.226

159.8 91.2 51.2 1 60e-9 0.228
3 153.9 90.0 57.2 1,66e-9 0.220'าJ 161.0 86.3 55.4 1.58e-9 0.238

Average - 158.2 - - 1.61 e-9 0.228
S.D. - 3.104 - - 3.40e-l 1 7.63e-3
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T able C-7 V is c o m e tr ic  
m e a s u re d  a t 
1 0 :5 :2 .5  , a t 

th e  re a c t io n

d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  1 .7 3 7  g/1, 

3 0  ๐c ,  th a t  s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A :T E T A  =  
v a r io u s  T E T A  c o n te n ts  a t th e  re a c t io n  t im e  o f  3 h  a n d  

te m p e r a tu r e  o f  2 0 0  °c ( F ig u re  C -3 )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

๐oร๐ 10 195.9 90.2 50.3 !.30e-9 0.964
10 199.8 88.5 48.2 1 28e-9 0.978
10 206.7 86.3 46.8 1,23e-9 0.982
10 201.9 87.2 44.9 1,26e-9 0.968

Average - 201.1 - - 1.27e-9 0.973
S.D. - 4.500 - - 2.99e-l 1 8.41 e-375๐ 7 191.2 90.0 49.5 1.33e-9 0.464

7 192.1 89.9 48.7 1.33e-9 0.466
7 190.1 94.5 53.2 1.59e-9 0.386
7 189.3 87.9 43.5 1.30e-9 0.431

Average - 190.7 - - 1.38e-9 0.437
S.D. - 1.228 - - 1.36e-10 0.037
90° 5 177.1 86.6 51.3 1 88e-9 0.318

5 176.8 93.2 52.2 1,97e-9 0.318
5 209.0 85.2 49.9 2.26e-9 0.376
5 186.3 88.8 48.3 l.93e-9 0.387

Average - 172.3 - - 2.01e-9 0.350
S.D. - 39.20 - - 1.7 le-10 0.037
105° 115.0 87.6 42.5 2.22e-9 0.164

3 122.7 92.4 48.6 2.08e-9 0.175"■>J 127.0 89.6 49.1 2.01 e-9 0.186->J 115.6 91.5 47.5 2.21e-9 0.170
Average - 187.3 - - 2.13e-9 0.174

S.D. - 15.12 - - 1.02e-10 9.46e-3
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T able C - 8  V is c o m e tr ic  
m e a s u r e d  a t 

1 0 :5 :2 .5  , a t 

th e  r e a c t io n

d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  2 .4 3 2  g/1, 

3 0  ๐c ,  th a t  s y n th e s iz e d  f ro m  A l( O H ) 3 :T E A :T E T A  =  

v a r io u s  T E T A  c o n te n ts  a t th e  r e a c t io n  t im e  o f  3 h a n d  

te m p e r a tu r e  o f  2 0 0  °c (F ig u re  C -3 )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

Os o o 10 318.4 90.4 48.3 8.0 le-10 0.997
10 302.4 87.6 48.2 8.43e-10 0.971
10 309.3 91.3 49.7 8.25e-10 0.986
10 308.8 88.9 50.3 8.26e-10 0.982

Average - 309.8 - - 8.24e-10 0.984
S.D. - 6.510 - - 1.73e-11 0 011
75° 7 267.0 85.3 43.1 9.56e-10 0.696

7 258.2 87.4 42.6 9.88e-10 0.629
7 249.3 87.3 42.5 1.02e-9 0.607
7 266.1 88.9 40.6 9.59e-10 0.648

Average - 260.2 - - 9.81 e-10 0.645
S.D. - 8.243 - - 2.99e-11 0.038ooO' 5 239.1 90.3 44.1 1.07e-9 0.429

5 244.9 86.4 47.6 1.04e-9 0.501
5 248.5 88.6 50.8 1.03e-9 0.516
5 240.6 87.4 44.3 1.05e-9 0.473

Average - 243.3 - - 1.05e-9 0.480
S.D. - 4.263 - - 1.7 le-11 0.038
105° ว่ๆ 209.2 89.5 42.1 I.22e-9 0.298

162.4 86.9 39.9 ].57e-9 0.237
ว 163.7 90.7 46.0 1.56e-9 0.265-> 192.4 92.5 40.3 I.33e-9 0.248

Average - 181.9 • - - 1.42e-9 0.262
S.D. - 22.86 - - 1.73e-10 0.027
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T able C - 9  V is c o m e tr ic  

m e a s u re d  a t 

1 0 :5 :2 .5  , a t 
th e  re a c t io n

d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  3 .1 2 7  g/1, 

3 0  °c, th a t  s y n th e s iz e d  fro m  A l( O H ) 3 :T E A :T E T A  =  

v a r io u s  T E T A  c o n te n ts  a t  th e  re a c t io n  t im e  o f  3 h  a n d  

te m p e r a tu r e  o f  2 0 0  ๐c  ( F ig u r e  C -3 )

Angle Sample Mean In range Merit Dapp Poly-
time (แร) (nm) (cm2/s) dispersity

60° 10 368.5 94.2 48.7 6.92e-10 0.997
10 335.2 93.6 53.1 7.61e-10 0.989
10 377.1 89.7 49.2 6.77e-10 0.999
10 324.6 90.1 46.6 7.86e-10 0.980

Average - 351.4 - - 7.29e-10 0.991
ร.อ. - 25.39 - - 5.27e-11 8.66e-375๐ 7 324.9 89.9 47.9 7.85e-10 0.787

7 311.3 91.3 48.9 8.20e-10 0.757
7 314.9 87.6 48.6 8.10e-10 0.764
7 308.7 90.3 49.8 8.27e-10 0.736

Average - 315.0 - - 8.1 le-10 0.761
S.D. - 7.104 - - 1.84e-11 0.021
90° 5 288.0 89.6 52.8 8.86e-10 0.534

5 256.7 89.7 48.3 9.94e-10 0.436
5 269.3 88.5 49.7 9.48e-IO 0.484
5 278.2 90.4 50.3 9 .17e-10 0.513

Average - 273.1 - - 9.36e-10 0.492
S.D. - 13.31 - - 4.6075e-11 0.042
105° OJ 124.2 87.2 42.5 2.05e-9 0.177

->ว่ 166.2 89.4 47.3 1.54e-9 0.237
ว์ 137.0 91.5 45.1 l.86e-9 0.200
J 138.6 88.9 40.6 I.84e-9 0.221

Average - 141.5 - - 1.82e-9 0.209
S.D. - 17.68 - - 2.1 le-10 0.026
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2.5e-0 
2.0e-y 
1.5c-1) 
l.0e-0

“ 5 0c-10
0.0c M)

2e+10 4e+10 6e+10 8e+10 lc+ll 
q 2 (cm '2) q 2 (cm '2)

Concentration = 0.695g/l Concentration = l.737g/l

Concentration = 2.432g/l

Figure C - 3  A n g le - d e p e n d e n d e n c e  o f  th e  a p p a re n t  d i f f u s io n  c o e f f ic ie n t  o f  th e  

a lu m a tr a n e  c o m p le x e  v e r s u s  q 2  a t v a r io u s  c o n c e n t r a t io n ,  

m e a s u r e d  a t  3 0  ๐c  u s in g  A l ( O H ) 3 :T E A :T E T A  =  1 0 :5 :2 .5 , th e  

r e a c t io n  t im e  o f  3 h , a n d  th e  r e a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c .
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T able C -10 C e n te r  o f  m a s s  d if f u s io n  c o e f f ic ie n ts  o f  th e  a lu m a tr a n e  

c o m p le x e s  a t  v a r io u s  c o n c e n t r a t io n s ,  m e a s u r e d  a t  30 °c, 
u s in g  A l ( O H ) 3 :T E A :T E T A  =  1 0 :5 :2 .5 , th e  r e a c t io n  t im e  o f  3 h . 
a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  ๐c

Concentration (g/l) Dcm (cnf/sec)
0.695 8.2 le-10
1.737 7.18e-10
2.432 4.14e-10
3.127 5.15e-10

Concentration (g/1)

Figure C - 4  C e n te r  o f  m a s s  d i f fu s io n  c o e f f ic ie n ts  o f  th e  a lu m a tr a n e

c o m p le x e s  v e r s u s  p o ly m e r  c o n c e n t r a t io n ,  m e a s u r e d  a t 3 0  ° c ,  

u s in g  A l ( O H ) 3 :T E A :T E T A  =  1 0 :5 :2 .5 , th e  re a c t io n  t im e  o f  3 h  , 

a n d  th e  re a c t io n  te m p e r a tu r e  o f  200 °c.
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T able C -l 1 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  0 .6 5 4  
g/1, m e a s u re d  a t 3 0  ๐c ,  th a t  s y n th e s iz e d  fro m  A l ( O H ) 3 :T E A : 

T E T A  =  1 0 :5 :7 .5  , a t v a r io u s  T E T A  c o n te n ts  a t th e  r e a c t io n  t im e  

o f  3 h  a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  °c ( F ig u r e  C -5 )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cnr/s) dispersity

60° 10 273.7 93.0 47.0 9.32e- 0 0.983
10 269.7 92.6 50.2 9.46e-10 0.969
10 271.8 90.6 48.5 9.39e-10 0.9765
10 269.5 90.0 48.6 9.47e-10 0.968

Average - 271.2 - - 9.4 le-10 0.974
S.D. - 1.979 - - 6.98e-12 7 15e-3
75° 7 214.4 87.3 49.0 1.19e-9 0.520

7 184.9 85.7 51.4 1.38e-9 0.448
7 216.7 90.6 49.8 1.18e-9 0.525
7 189.4 90.9 42.1 1.35e-9 0.459

Average - 201.4 - - 1.28e-9 0.488
S.D. - 16.53 - - 1.05e-10 0.040o© 5 246.4 88.8 39.2 4.81 e-10 0.443

5 252.7 91.3 47.7 4.43e-10 0.454
5 242.0 84.1 48.9 4.51 e-10 0.435
5 233.8 84.6 48.8 4.62e-10 0.420

Average - 243.7 - - 4.59e-10 0.438
S.D. - 7.941 - - 1.65e-11 0.014
105° ->J 204.2 91.4 44.4 4.99e-10 0.291">-5 206.2 87.7 53.6 4.66e-10 0.298'าJ 201.8 87.0 43.1 4.64e-10 0.279oJ 204.8 92.5 44.9 4.66e-10 0.298

Average - 204.3 - - 4.74e-10 0.292
S.D. - 1.836 - - 1.69e-11 8.96e-3
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T able C - 1 2  V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  1 .6 3 4  

g/1, m e a s u r e d  a t 3 0  ° c ,  th a t  s y n th e s iz e d  f ro m  A l ( O H ) 3 :T E A : 

T E T A  =  1 0 :5 :7 .5  , a t v a r io u s  T E T A  c o n te n ts  a t th e  r e a c t io n  t im e  

o f  3 h a n d  th e  re a c t io n  te m p e r a tu r e  o f  2 0 0  ° c  ( F ig u r e  C -5 )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cnr/s) dispersity

60° 10 300.8 91.6 47.6 8.48e- 0 0.961
10 313.5 84.2 46.2 8.14e-10 0.992
10 308.2 88.4 44.2 8.28e-10 0.988
10 307.1 92.2 45.4 8.3 le-10 0.979

Average - 307.2 - - 8.30e-10 0.980
S.D. - 5.212 - - 1.40e-11 0.014
75° 7 278.6 92.7 46.5 9.16e-10 0.675

7 298.1 86.9 44.9 8.56e-10 0.723
7 299.4 91.5 46.3 8.52e-10 0.726
7 298.4 91.5 45.8 8.55e- 0 0.723

Average - 293.6 - - 8.70e-10 0.712
S.D. - 10.00 - - 3.09e-11 0.024
90° 5 263.0 92.6 44.6 9.70e-10 0.472

5 254.0 91.2 44.7 1.00e-9 0.458
5 247.4 90.6 43.9 1.03e-9 0.444
5 259.7 84.3 51.9 9.83e-10 0.467

Average - 256.0 - - 9.96e-10 0.460
S.D. - 6.847 - - 2.59e-11 0.012
105° J 205.7 94.4 45.3 1,24e-9 0.294-■> 205.2 88.7 46.4 1,24e-9 0.293

207.7 92.1 48.4 1,23e-9 0.296"»J 206.2 88.1 48.4 1,24e-9 0.294
Average - 206.2 - - 1.24e-9 0.294

S.D. - 1.080 - - 5.00e-12 1.258e-3
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T ab le C -13 V is c o m e tr ic  d a ta  o f  p o ly m e r  s o lu t io n s  a t c o n c e n t r a t io n  o f  2 .2 8 8  

g/1. m e a s u r e d  a t 3 0  °c, th a t  s y n th e s iz e d  fro m  A l ( O H ) 3 :T E A : 
T E T A  =  1 0 :5 :7 .5  , a t v a r io u s  T E T A  c o n te n ts  a t th e  r e a c t io n  t im e  
o f  3 h  a n d  th e  r e a c t io n  te m p e r a tu r e  o f  2 0 0  °c ( F ig u r e  C -5 )

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

60° 10 312.2 88.9 42.2 8.17e-10 0.991
10 303.1 88.6 51.4 8.42e-10 0.972
10 310.1 85.8 51.6 8.23e-10 0.980
10 311.5 92.1 44.2 8.19e-10 0.986

Average - 309.2 - - 8.25e-10 0.982
S.D. - 4.176 - - 1.14e-11 8.18e-3
75° 7 404.0 92.9 48.0 6.32e- 0 0.979

7 406.8 89.3 41.2 6.27e-10 0.986
7 417.5 92.2 41.1 6.1 le-10 0.997
7 404.7 91.7 50.1 6.30e-10 0.981

Average - 408.3 - - 6.25e-10 0.986
S.D. - 6.280 - - 9.56e-12 8.06e-3
90° 5 284.6 86.1 43.7 8.66e-10 0.535

5 294.6 85.1 42.1 8.97e-10 0.530
5 300.0 84.1 41.3 8.5 le-10 0.538
5 294.5 90.9 44.3 8.66e-10 0.539

Average - 293.4 - - 8.70e-10 0.535
S.D. - 6.426 - - 7.93e-11 4.27e-3
105° ->3 224.0 93.5 45.5 1.14e-9 0.320->3 228.2 85.8 47.7 1.12e-9 0.326->3 220.6 86.7 46.3 1.16e-9 0.315

3 215.9 90.3 44.6 1.18e-9 0.308
Average - 222.2 - - 1.15e-9 0.317

S.D. - 5.212 - - 2.58e-11 7.62e-3
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Table C-14 Viscometric data of polymer solutions at concentration of 2.941 
g/1. measured at 30 ๐c, that synthesized from Al(OH)3 :TEA: 
TETA = 10:5:7.5 , at various TETA contents at the reaction time 
of 3 h and the reaction temperature of 200 °c (Figure C-5)

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

60° 10 294.7 87.1 42.6 8.66e-10 0.998
10 289.6 86.0 43.0 8.81 e-10 0.997
10 291.0 84.9 46.3 8.77e-10 0.899
10 273.2 87.9 43.6 9.34e-10 0.982

Average - 287.1 - - 8.85e-10 0.969
S.D. - 9.529 - - 2.83e-11 0.047750 7 291.1 94.5 46.6 8.77e-10 0.706

7 295.2 94.1 46.6 8.64e-10 0.716
7 286.3 89.8 48.5 8.91 e-10 0.654
7 289.0 89.7 49.0 8.83e- 0 0.700

Average - 290.4 - - 8.79e-10 0.704
S.D. - 3.755 - - 1.81e-l 1 9.08e-3
90° 5 246.6 86.5 47.0 1,03e-9 0.443

5 248.5 94.8 47.2 1,03e-9 0.446
5 245.0 90.4 48.4 1,04e-9 0 441
5 247.6 89.2 50.3 1,04e-9 0.439

Average - 246.9 - - 1.04e-9 0.443
S.D. - 1.500 - - 5.77e-12 2.99e-3
105° 'ไJ 229.0 92.9 41.5 l.lle-9 0.327

216.1 92.2 41.0 1.18e-9 0.308
À 209.0 86.9 42.7 1.22e-9 0.298
J 219.5 88.6 42.4 1.16e-9 0.317

Average - 218.4 - - 1.17e-9 0.312
S.D. - 8.311 - - 4.57e-11 0.012
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Concentration = 0.654 g/l

4e-9 -า
3e-9 H

Jj 2e-9 - โ DC|11 = 5.98e-10cm2/sec

Q1 Oe-u-i
-1e-9 - LH  1 1 1 1 1 1 1 1 1 1 1 12e+10 4e+10 6e+10 8e+10

(cm 2)

Concentration = 2.288 g/l

Concentration = 1.634 g/l

Concentration = 2.941 g/l

Figure C-5 Angle-dependendence of the apparent diffusion coefficient of the 
alumatrane complex versus q2 at various concentration, 
measured at 30 ๐c  using Al(OH)3 :TEA:TETA = 10:5:7.5, the 
reaction time of 3 h , and the reaction temperature of 200 ๐c .
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Table C-15 Center of mass diffusion coefficients of the alumatrane 
complexes at various concentrations, measured at 30 °c, 
using Al(OH)3 :TEA:TETA = 10:5:7.5, the reaction time of 3 h , 
and the reaction temperature of 200 °c

Concentration (g/l) Dcm (cnf/sec)
0.654 l.23e-9
1.634 6.48e-10
2.288 5.98e-10
2.941 7.02e-10

Concentration (g/1)

Figure C-6 Center of mass diffusion coefficients of the alumatrane
complexes versus polymer concentration, measured at 30 °c, 
using Al(OH)3 :TEA:TETA = 10:5:7.5, the reaction time of 3 h , 
and the reaction temperature of 200 ๐c .



Table C-16 Viscometric data of polymer solutions at concentration of 0.993 
g/1. measured at 30 ๐c , that synthesized from Al(OH)3 :TEA: 
TETA = 2:1:10 , at various TETA contents at the reaction time of 
3 h and the reaction temperature of 200 ๐c  (Figure C-7)

Angle Sample Mean In range Merit Dapp Poly-
time (แร) (nm) (cm2/s) dispersity

60° 10 333.8 86.4 38.2 7.64e-10 0.951
10 329.5 90.3 48.8 7.74e-10 0.948
10 317.6 88.2 48.8 8.03e-10 0.936
10 326.2 87.9 47.4 7.82e-10 0.949

Average - 326.8 - - 7.81 e-10 0.946
S.D. - 6.863 - - 1.66e-11 6.78e-3
75° 7 308.0 91.3 49.4 8.28e-10 0.746

7 307.4 90.7 39.9 8.30e-10 0.745
7 297.9 89.3 49.1 8.57e-10 0.722
7 308.6 85.4 39.4 8.27e-10 0.748

Average - 305.5 - - 8.36e-10 0.740
S.D. - 5.074 - - 1.44e-11 0.012
90° 5 239.9 89.5 48.7 1.06e-9 0.431

5 251.5 88.3 49.1 i.01e-9 0.452
5 249.6 91.3 19.3 1.02e-9 0.448
5 251.1 88.4 49.3 1.02e-9 0.451

Average - 248.0 - - 1.03e-9 0.446
S.D. - 5.478 - - 2.22e-11 9.81e-3
105° -5 150.2 85.5 50.3 1.70e-9 0.214->3 164.2 93.6 47.9 1.55e-9 0.235

3 181.0 89.6 48.4 1.41 e-9 0.258
3 177.3 88.3 47.5 1,63e-9 0.246

Average - 168.4 - - 1.57e-9 0.238
S.D. - 13.92 - - 1.24e-10 0.018



Table C-17 Viscometric data of polymer solutions at concentration of 1.655 
g/1, measured at 30 °c, that synthesized from Al(OH)3 :TEA: 
TETA = 10:5:10 ,at various TETA contents at the reaction time 
of 3 h and the reaction temperature of 200 °c (Figure C-7)

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cnr/s) dispersity

60° 10 225.5 93.4 46.6 1.13e-9 0.803
10 223.0 90.7 45.9 1.14e-9 0.762
10 239.0 88.6 45.2 1 07e-9 0.753
10 209.6 89.4 46.3 1,22e-9 0.735

Average - 224.3 - - 1.14e-9 0.763
S.D. - 12.04 - - 6.16e-11 0.029750 7 226.4 85.2 45.3 1 13e 9 0.549

7 205.7 86.7 45.4 1,24e-9 0.539
7 212.2 88.3 46.0 1 20e-9 0.510
7 224.4 86.9 46.0 1.14e-9 0.544

Average - 217.2 - - 1.18e-9 0.535
S.D. - 9.895 - - 5.19e-11 0.017
90° 5 163.1 91.3 44.9 1.56e-9 0.293

5 175.6 90.8 53.9 1.45e-9 0.316
5 166.2 89.1 45.8 1.54e-9 0.299
5 202.3 87.9 52.9 1.55e-9 0.364

Average - 176.8 - - 1.52e-9 0.318
S.D. - 17.81 - - 5.07e-l 1 0.032
105° ->ว่ 131.7 89.4 43.9 1,94e-9 0.188

ว่ 133.3 87.6 54.1 1.91 e-9 0.201
135.9 90.3 45.0 l.95e-9 0.195

3 140.8 89.6 50.7 1.97e-9 0.186
Average - 135.2 - - 1.94e-9 0.192

S.D. - 3.979 - - 2.5e-11 6.86e-3
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Table C-18 Viscometric data of polymer solutions at concentration of 2.317 
g/1, measured at 30 ๐c , that synthesized from Al(OH)3 :TEA: 
TETA = 10:5:10 , at various TETA contents at the reaction time 
of 3 h and the reaction temperature of 200 °c (Figure C-7)

Angle Sample Mean In range Merit Dapp Poly-
time (pis) (nm) (cm2/s) dispersity

60° 10 291.2 93.5 47.2 8.76e-10 0.981
10 297.5 90.6 48.0 8.57e-10 0.969
10 299.3 89.9 48.2 8.53e-10 0.974
10 308.1 91.3 47.2 8.28e-10 0.990

Average - 299.0 - - 8.53e-10 0.978
S.D. - 6.976 - - 1.97e-11 9.22e-3
75° 7 243.0 89.7 48.5 1.05e-9 0.589

7 212.4 88.6 48.5 1,20e-9 0.578
7 244.5 91.8 49.2 1.04e-9 0.592
7 276.5 87.4 48.7 9.23e-10 0.615

Average - 244.1 - - 1.05e-9 0.594
S.D. - 26.18 - - 1.13e-10 0.016e-5
90° 5 258.5 86.9 48.5 1.17e-9 0.464

5 218.0 89.3 49.2 1.16e-9 0 392
5 219.8 90.4 49.6 9.87e-10 0.395
5 251.9 84.9 49.4 1.01e-9 0.442

Average - 237.0 - - 1.08e-9 0.423
S.D. - 21.14 - - 9.67e-11 0.036
105° ->ว่ 222.5 87.3 46.9 1.15e-9 0.328

ว 212.0 89.4 48.5 1.20e-9 0.301
3 198.4 90.3 46.6 1.21e-9 0.256
3 189.2 90.4 47.6 1.35e-9 0.268

Average - 205.5 - - 1.22e-9 0.288
S.D. - 14.69 - - 7.63e-l 1 0.033
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Table C-19 Viscometric data of polymer solutions at concentration of 2.979 
g/1, measured at 30 ๐c , that synthesized from Al(OH)3 :TEA: 
TETA = 10:5:10 1 at various TETA contents at the reaction time 
of 3 h and the reaction temperature of 200 ๐c  (Figure C-7)

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

60° 10 364.9 89.5 44.6 6.99e-10 0.998
10 364.0 88.4 47.8 7.0 le-10 0.986
10 355.2 90.3 48.2 7.18e-10 0.973
10 355.3 87.6 47.8 7 .18e-10 0.971

Average - 359.8 - - 7.09e-10 0.981
S.D. - 5.324 - - 1.04e-11 0.01675๐ 7 280.8 90.4 37.4 9.09e-10 0.711

7 305.8 91.6 45.4 8.36e-11 0.746
7 300.0 89.4 45.9 8.5 le-10 0.738
7 296.1 86.9 43.8 8.40e-10 0.721

Average - 295.6 - - 8.59e-10 0.729
S.D. - 10.54 - - 3.39e-11 0.016
90° 5 307.0 87.6 46.4 8.3 le-10 0.565

5 284.5 93.6 46.2 8.97e-10 0.521
5 299.5 85.4 46.4 8.52e-10 0.555
5 289.3 94.1 47.9 8.82e-10 0.543

Average - 295.1 - - 8.66e-10 0.546
S.D. - 10.12 - - 2.96e-11 0.019
105° ">ว์ 191.4 84.9 45.0 1.33e-9 0.287-> 211.7 87.2 45.2 1.21e-9 0.299

3 192.2 88.6 45.8 l.33e-9 0.288
3 198.0 89.3 45.1 1,29e-9 0.294

Average - 198.3 - - 1.29e-9 0.291
S.D. - 9.389 - - 5.66e-11 6.66e-3
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q2 (cm'2/scc) <1* (cm'2)

Concentration = 0.993 g/1 Concentration = 1.655 g/l

<i2(cm 2)

Concentration = 2.317 g/l

2e-9 ■ๆ
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Concentration = 2.979 g/l

Figure C-7 Angle-dependendence of the apparent diffusion coefficient of the 
alumatrane complexe versus q2 at various concentration, 
measured at 30 ๐c  using Al(OH)3 :TEA:TETA = 10:5:10, the 
reaction time of 3 h , and the reaction temperature of 200 °c.



(cm
2/s

ec)

116

Table C-20 Center of mass diffusion coefficients of the alumatrane 
complexes at various concentrations, measured at 30 ๐c , 
using Al(OH)3 :TEA:TETA = 10:5:10, the reaction time of 3 h , 
and the reaction temperature of 200 °c

Concentration (g/1) Dcm (cnf/sec)
0.993 5.09e-10
1.655 7.27e-10
2.317 6.55e-10
2.979 3.26e-10

4 . 5 e - 9  
3 . 0 e - 9  
1 . 5 e - 9
0 . 0 e + 0  

๐ e - E 5 e - 9  
- 3 . 0 e - 9

0 1 2  3 4
Concentration (g/1)

; ;

เแ
เแ

แ

----------- ท------ o  ท-- c r  ---------
D0 = 7.5le -10 crrf/sec

:L + I l  1 1 1 E - H -  1 1 1 1 1 1 1 1 1 1

FigureC-8 Center of mass diffiision coefficients of the alumatrane
complexes versus polymer concentration, measured at 30 ๐c , 
using Al(OH)3 :TEA:TETA = 10:5:10, the reaction time of 3 h 5 
and the reaction temperature of 200 °c.
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Table C-21 Viscometric data of polymer solutions at concentration of 1.004 
g/1, measured at 30 °c, that synthesized from Al(OH)3 :TEA: 
TETA = 10:5:15 , at various TETA contents at the reaction time 
of 3 h and the reaction temperature of 200 °c (Figure C-9)

Angle Sample Mean In range Merit Dapp Poly-
time (fas) (nm) (cm2/s) dispersity

๐o 10 308.8 85.0 49.0 1.27C-9 0.981
10 308.3 90.2 44.5 1.27e-9 0.984
10 303.7 84.1 469 1,27e-9 0.962
10 282.6 85.8 42.6 1.12e-9 0.959

Average - 300.8 - - 1.23e-9 0.972
S.D. - 12.38 - - 7.50e-l 1 0.013
75° 7 245.8 93.3 43.9 1,03e-9 0.596

7 222.3 86.0 43.1 1.43e-9 0.539
7 235.6 92.1 41.1 9.76e-10 0.571
7 226.4 94.9 41.3 9.24e-10 0.549

Average - 232.5 - - 1.09e-9 0.564
S.D. - 10.45 - - 2.3 le-10 0.025ooOn 5 244.1 93.0 46.8 1 Ole-9 0.438

5 260.4 85.5 46.2 1.09e-9 0.468
5 255.8 91.1 47.8 1.06e-9 0.459
5 261.9 89.8 48.6 1.1 le-9 0.478

Average - 255.6 - - 1.07e-9 0.461
S.D. - 8.062 - - 4.35e-l 1 0.017
105° 3 240.0 88.3 46.3 1.0 le-9 0.342->3 258.9 90.3 44.1 1.07e-9 0.386

ท3 247.1 87.6 50.3 1,06e-9 0.352O3 245.2 88.8 49.7 1.02e-9 0.348
Average - 247.8 - - 1,04e-9 0.357

S.D. - 7.985 - - 2.94e-l 1 0.020
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Table C-22 Viscometric data of polymer solutions at concentration of 1.674 
g/1, measured at 30 ๐c , that synthesized from Al(OH)3 :TEA: 
TETA = 10:5:15 , at various TETA contents at the reaction time 
of 3 h and the reaction temperature of 200 °c (Figure C-9)

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

ooVO 10 351.6 90.3 42.9 1.45e-9 0.998
10 347.7 87.6 44.6 1.49e-9 0.987
10 342.7 94.2 49.0 1.45e-9 0.983
10 353.5 88.4 51.7 1.44e-9 0.997

Average - 348.9 - - 1.46e-9 0.991
S.D. - 4.772 - - 2.64e-l 1 7.411
75° 7 314.6 85.1 43.1 1,32e-9 0.762

7 312.6 87.9 48.8 1.32e-9 0.757
7 318.4 90.3 46.0 1.32e-9 0.772
7 314.1 86.2 49.7 1.31 e-9 0.761

Average - 314.9 - - 1.32e-9 0.762
S.D. - 2.468 - - 5.00e-12 6.47e-3
90° 5 237.2 88.9 50.3 9.76e-10 0.426

5 222.7 87.1 48.4 9.04e-10 0.400
5 232.2 89.4 47.3 9.57e-10 0.417
5 227.2 93.6 53.0 9.24e-10 0.409

Average - 230.0 - - 9.40e-10 0.413
S.D. - 6.198 - - 3.23e-11 0.011
105° 3 143.8 89.7 46.2 5.94e-10 0.205"> 147.9 88.1 44.8 6.23e-10 0.211-> 136.7 93.7 45.5 5.62e-10 0.195

160.7 90.5 46.7 6.47e-10 0.229
Average - 147.3 - - 6.07e-10 0.210

S.D. - 10.07 - - 3.67e-l 1 0.015
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Table C-23 Viscometric data of polymer solutions at concentration of 2.344 
g/1, measured at 30 °c, that synthesized from Al(OH)3 ’.TEA: 
TETA = 10:5:15 , at various TETA contents at the reaction time 
of 3 h and the reaction temperature of 200 ๐c  (Figure C-9)

Angle Sample Mean In range Merit Dapp Poly-
time (ps) (nm) (cm2/s) dispersity

60° 10 317.3 93.2 47.8 1.32e-9 0.972
10 316.4 89.4 45.2 1.31 e-9 0 969
10 312.3 88.7 51.9 1.32e-9 0.958
10 305.2 86.5 49.2 !.27e-9 0.952

Average - 312.8 - - 1.64e-9 0.963
S.D. - 5.514 - - 1.02e-10 9.36e-3
75๐ 7 314.2 85.2 44.6 1.31 e-9 0.728

7 295.3 87.6 48.7 1.19e-9 0.704
7 299.0 88.4 46.9 1.23e-9 0.716
7 229.4 90.3 48.0 1.18e-9 0.725

Average - 284.5 - - 1.23 e-9 0.718
S.D. - 37.62 - - 5.91 e-11 0.011
90° 5 339.5 89.5 49.8 1,44e-9 0.610

5 296.2 91.3 50.0 1.19e-9 0.532
5 314.1 88.4 49.1 1.31 e-9 0.564
5 326.2 89.7 47.7 ].40e-9 0.587

Average - 319.0 - - 1.34e-9 0.573
S.D. - 18.40 - - 1.1 le-10 0.033
105° "1J 213.2 85.2 46.6 8.69e-10 0.304'ไว์ 199.9 91.4 46.1 8.1 le-10 0.285

204.5 86.9 47.9 8.58e-10 0.292
3 202.2 86.6 45.9 8.39e-10 0.288

Average - 205.0 - - 8.44e-10 0.292
S.D. - 5.812 - - 2.54e-l 1 8.26e-3
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Table C-24 Viscometric data of polymer solutions at concentration of 3.013 
g/1, measured at 30 ๐c , that synthesized from Al(OH)3 :TEA: 
TETA = 10:5:1 , at various TETA contents at the reaction time of 
3 h and the reaction temperature of 200 ๐c  (Figure C-9)

Angle Sample Mean In range Merit Darr Poly-
time (ps) (nm) (cm2/s) dispersity

oo 10 399.9 88.8 50.9 1.65e-9 0.999
10 385.9 89.9 49.2 1.53e-9 0.981
10 387.3 90.7 48.7 1.59e-9 0.972
10 417.5 87.9 46.3 1.77e-9 0.999

Average - 397.6 - - 1.63e-9 0.988
S.D. - 14.65 - - 1,02e-10 0.014
75° 7 347.4 86.5 48.1 1,49e-9 0.842

7 345.8 85.9 42.7 1.49e-9 0.838
7 326.1 90.3 44.8 1,40e-9 0.790
7 322.9 87.4 43.6 1.37e-9 0.783

Average - 335.6 - - 1.44e-9 0.823
S.D. - 12.84 - - 6.18e-11 0.030ooO' 5 310.9 86.4 50.3 1.3 le-9 0.558

5 310.4 85.7 48.1 1.29e-9 0.558
5 293.1 88.3 49.3 1.19e-9 0.526
5 301.5 90.4 48.7 1.25e-9 0.542

Average - 304.0 - - 1,26e-9 0.546
S.D. - 8.439 - - 5.29e-l 1 0.015
105° -3 204.3 93.5 39.9 8.58e-10 0.292->J 234.4 89.9 43.1 9.98e-IO 0.310-»J 225.1 90.8 41.3 9.24e-10 0.311'าJ 191.2 89.9 42.8 8.09e-10 0.303

Average - 213.8 - - 8.97e-10 0.307
S.D. - 19.60 - - 8.20e-l 1 0.012
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Figure C-9 Angle-dependendence of the apparent diffusion coefficient of the 
alumatrane complexe versus q2 at various concentration, 
measured at 30 ๐c  using Al(OH)3 :TEA:TETA = 10:5:15, the 
reaction time of 3 h , and the reaction temperature of 200 °c.
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Table C-25 Center of mass diffusion coefficients of the alumatrane 
complexes at various concentration, measured at 30 ๐c , 
using Al(OH)3 :TEA:TETA = 10:5:15, reaction time of 3 h , 
and reaction temperature of 200 ๐c

Concentration (g/I) Dcm (cm^/sec)
1.004 1.35e-9
1.674 2.08e-9
2.344 1,64e-9
3.013 2.l2e-9
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Figure C-10 Center of mass diffusion coefficients of the alumatrane
complexes versus polymer concentration, measured at 30 °c, 
using Al(OH)3 :TEA:TETA = 10:5:15, the reaction time of 3 h , 
and the reaction temperature of 200 ๐c .
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Table C-26 Diffusion coefficients of the alumatrane complexes at various 
TETA contents, measured at 30 ๐c , using Al(OH)3 :TEA:TETA 
= 10:5:10, the reaction time of 3 h , and the reaction temperature 
o f 200 °c

Amounts of TETA (mmol) D0 (cm^/sec)
10 1.18e-9
25 9.17e-10
75 8.92e-l0
100 7.5 le -10
150 8.3 le -10

0 20 40 60 80 100 120 140 160
Amounts of TETA (mmol)

Figure C -l 1 Diffusion coefficients of the alumatrane complexes versus 
amounts of TETA, measured at 30 ๐ c , using Al(OH)3 :TEA: 
TETA = 10:5:x where X = 1:2.5:5:7.5:10:15, reaction time of 3 
h , and the reaction temperature of 200 °c.
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