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APPENDICES

Appendix A Specification of Untreated Activated Carbon 

Table A1 Specification of untreated activated carbon from Carbokam

TECHNICAL SPECIFICATION
Granular Activated Coconut Shell Based Carbon Grade ะ PHO 60 X 200

PHYSICAL PROPERTIES SPECIFICATION
Particle Size Distribution + 60 ( 0.25 mm.) MAX. 5 %
(ASTM MESH/MM.) 60 X 200 (0.25 -  0.075 mm.) MIN. 90 %

- 200 (0.075 mm.) MAX. 5 %
Apparent Density ( g / cc ) MIN. 0.45'
Moisture ( % พ/พ ) MAX. 5
Ash ( % พ/พ ) MAX. 3.5
pH 9-11
Surface Area ( m2/ g ) ( Calculated ) MIN.1100
Iodine Number ( mg / g ) MIN. 1050
Hardness Number ( % ) MIN. 98
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Appendix B Calculation for Benzoxazine Synthesis Ratio

From the synthesis method that was modified from the work of รน and 
Chang (2003), briefly, phenol: formaldehyde: amine in the mole ratio of 2:4:1 
convert to benzoxazine one mole and the target is 20 g of benzoxazine in each batch.

Molecular weight of phenol = 94.11
Molecular weight of formaldehyde = 30.03
Molecular weight of DETA = 103.17
Molecular weight of PEHA = 232.37
Density of formaldehyde 
Density of DETA 
Density of PEHA

= 1.09 g/mL 
= 0.955 g/mL 
= 0.95 g/mL

Amine: DETA

2 [ [ ^ T  + 4CHะ0 + ^ '* °  * O X ^ J X )

Molecular weight of benzoxazine = (20 xC) + (3xN) + (2x0) + (25 xH)
= (20x12) + (3x 14) + (2x 16) + (25x 1) 
= 339

Benzoxazine 339 g = 1 mol
20 g = 0.06 mol

Phenol = 0.06x2 = 0.12 mol
Formaldehyde = 0.06x4 = 0.24 mol
DETA =0.06x1 

Use in gram:
= 0.06 mol

Phenol =0.12x94.11 
Use in mL:

= 11.29 g

Formaldehyde = 0.24x30.03 
But formaldehyde 37wt%

= 7.21 g
= (7.21x100)-(37x1.091 = 17.87 mL

DETA = 0.06x103.17=0.955 = 6.48 mL
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Amine: PEHA

+ 4CH:0 + - O C u •CO
Molecular weight of benzoxazine

Benzoxazine

= (26xC) + (6XN) + (2x0) + (40xH)
= (26x12) + (6x14) + (2x16) + (40x1) 
= 468

468 g = 1 mol
20 g = 0.043 mol

Phenol =0.043x2 = 0.086 mol
Formaldehyde = 0.043x4 =0.172 mol
DETA =0.043x1 = 0.043 mol

Use in gram:
Phenol = 0.086x94.11 = 8.09 g

Use in mL:
Formaldehyde = 0.172x30.03= 5.16 g
But formaldehyde 37wt% =(5.16x100) -  (37x 1.09) = 12.81 mL
DETA = 0.0043x232.37-0.95 = 10.52 mL



77

Appendix c  Decomposition of All Adsorbents

Figure Cl Decomposition of untreated activated carbon.

Figure C2 D ecom position  o f  lwt% o f  D E T A -derived polybenzoxazine im pregnat
ing on activated  carbon.
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Figure C3 Decomposition of 5wt% of DETA-derived polybenzoxazine impregnat
ing on activated carbon.

Figure C 4 D ecom position  o f  10w t%  o f  D E T A -derived  po lybenzoxazine im pregnat
ing on  activated  carbon.
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Figure C 5  D e c o m p o s itio n  o f  lw t%  o f  P E H A -d e riv e d  p o ly b e n z o x a z in e  im p re g n a t
in g  o n  a c tiv a te d  c a rb o n .

Figure C6 Decomposition of 5wt% of PEHA-derived polybenzoxazine impregnat
ing on activated carbon.



80

Figure C 7  D e c o m p o s itio n  o f  ] 0 w t%  o f  P E H A -d e riv e d  p o ly b e n z o x a z in e  im p re g n a t
in g  o n  a c tiv a te d  c a rb o n .



Appendix D  XPS Spectra of All Adsorbents

A c tiv a te d  c a rb o n
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Figure D 1 C l s  X P S  s p e c tra  o f  a c tiv a te d  ca rb o n .
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Figure D2 Ol ร XPS spectra of activated carbon.
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Activated carbon with lwt% PBZ derived from DETA

3 ๓  295 290 285 280

Binding Energy(eV)

Figure D3 C l s  X P S  sp e c tra  o f  lw t%  P B Z  d e r iv e d  f ro m  D E T A  im p re g n a tin g  on  a c 
tiv a te d  c a rb o n .

540 538 536 534 532 530 528 526 524

Binding Energy(eV)

Figure D4 Ols XPS spectra of lwt% PBZ derived from DETA impregnating on
activated carbon.
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Binding Encrgy(eV)

Figure D5 N l s  X P S  sp e c tra  o f  lw t%  P B Z  d e r iv e d  fro m  D E T A  im p re g n a tin g  on  
a c tiv a te d  c a rb o n .

A c tiv a te d  c a rb o n  w ith  5 w t%  P B Z  d e riv ed  f ro m  D E T A

300 295  290

Binding Encrgy(eV)
285 280

Figure D6 C ls XPS spectra of 5wt% PBZ derived from DETA impregnating on ac
tivated carbon.
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Figure D7 o i s  X P S  sp e c tra  o f  5 w t%  P B Z  d e r iv e d  from  D E T A  im p re g n a tin g  on  
a c tiv a te d  c a rb o n .

406  4 M  402  400 398 396  394

Binding Energy(eV)

Figure D8 N ls XPS spectra of 5wt% PBZ derived from DETA impregnating on
activated carbon.
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Activated carbon with 10wt% PBZ derived from DETA

300 290 285

Binding Energy(eV)

Figure D9 C l s  X P S  sp e c tra  o f  1 0 w t%  P B Z  d e r iv e d  fro m  D E T A  im p re g n a tin g  on  
a c tiv a te d  c a rb o n .

540 538 536 534 532 530 528 526 524

Binding Energy(eV)
Figure DIO O l s  X P S  sp e c tra  o f  1 0 w t%  P B Z  d e r iv e d  fro m  D E T A  im p re g n a tin g  on  
a c tiv a te d  ca rb o n .
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Figure D ll  N l s  X P S  s p e c tra  o f  1 0 w t%  P B Z  d e r iv e d  fro m  D E T A  im p re g n a tin g  on  
a c tiv a te d  c a rb o n .

A c tiv a te d  c a rb o n  w ith  lw t%  P B Z  d e r iv e d  from  P E H A

----------------  C l s  a t 284.577
C ls  at 285.625

—  C ls  a t 286.489
----------------  C ls  a t 287.431

C ls  at 288.897
C ls  at 291.944

---------------T o ta l
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Bmding Energy(eV)

Figure D12 Cls XPS spectra of lwt% PBZ derived from PEHA impregnating on
activated carbon.
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Binding Energy(eV)

Figure D 1 3  o i s  X P S  sp e c tra  o f  lw t%  P B Z  d e r iv e d  f ro m  P E H A  im p re g n a tin g  on  
a c tiv a te d  c a rb o n .

406 404 402 400 398 396 394
Binding Energy(eV)

Figure D14 Nls XPS spectra of lwt% PBZ derived from PEHA impregnating on
activated carbon.
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Activated carbon with 5wt% PBZ derived from PEHA

290 285

Binding Energy(eV)
280

Figure D15 C l s  X P S  s p e c tra  o f  5 w t%  P B Z  d e riv e d  f ro m  P E H A  im p re g n a tin g  o n  
a c tiv a te d  c a rb o n .

Binding Energy(eV)
Figure D16 O l s  X P S  s p e c tra  o f  5 w t%  P B Z  d e riv e d  f ro m  P E H A  im p re g n a tin g  o n  
a c tiv a te d  c a rb o n .
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Binding Energy(eV)
Figure D17 N l s  X P S  sp e c tra  o f  5 w t%  P B Z  d e r iv e d  from  P E H A  im p re g n a tin g  on 
a c tiv a te d  ca rb o n .

A c tiv a te d  c a rb o n  w ith  1 O w t%  P B Z  d e riv e d  fro m  P E H A

280

Binding Energy(eV)

Figure D18 C ls XPS spectra of 10wt% PBZ derived from PEHA impregnating on
activated carbon.
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Figure D19 o i s  X P S  sp e c tra  o f  10 w t%  P B Z  d e r iv e d  from  P E H A  im p re g n a tin g  on 
a c tiv a te d  ca rb o n .
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Binding Energy(eV)

Figure D20 Nls XPS spectra of 10wt% PBZ derived from PEHA impregnating on
activated carbon.



Polybenzoxazine derived from DETA
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Bindmg Energy(eV)

Figure D21 C l s  X P S  sp e c tra  o f  p o ly b e n z o x a z in e  d e r iv e d  from  D E T A .

Figure D22 O l s  X P S  s p e c tra  o f  p o ly b e n z o x a z in e  d e r iv e d  from  D E T A .
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Figure D23 N l s  X P S  sp e c tra  o f  p o ly b e n z o x a z in e  d e r iv e d  from  D E T A .

P o ly b e n z o x a z in e  d e r iv e d  f ro m  P E H A

----------------  C l s  a t 284.565
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Figure D24 Cls XPS spectra of polybenzoxazine derived from PEHA.
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Figure D 2 5  o i s  X P S  sp e c tra  o f  p o ly b e n z o x a z in e  d e r iv e d  fro m  P E H A .
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Figure D26 N 1 ร XPS spectra of polybenzoxazine derived from PEHA.



Activated carbon from DETA-derived polybenzoxazine at 200 ๐c

290 285

Binding Energy(cV)
280

Figure D27 C l s  X P S  sp ec tra  o f  a c tiv a te d  c a rb o n  from  D E T A -d e riv e d  
p o ly b e n z o x a z in e  a t  2 0 0  °c.

Binding Energy(eV)

Figure D28 O ls XPS spectra of activated carbon from DETA-derived
polybenzoxazine at 200 °c.
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Binding Encrgy(eV)
Figure D29 N l s  X P S  sp ec tra  o f  a c tiv a te d  c a rb o n  from  D E T A -d e riv e d  
p o ly b e n z o x a z in e  a t 2 0 0  ๐c .

A c tiv a te d  c a rb o n  fro m  D E T A -d e riv e d  p o ly b e n z o x a z in e  a t 3 0 0  °c

280

Binding Energy(eV)
Figure D30 c  1 ร X P S  sp e c tra  o f  a c tiv a te d  c a rb o n  fro m  D E T A -d e riv e d  
p o ly b e n z o x a z in e  a t  3 0 0  °c.
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Figure D31 o i s  X P S  sp e c tra  o f  a c tiv a te d  c a rb o n  f ro m  D E T A -d e riv e d  
p o ly b e n z o x a z in e  a t  300 °c.
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Figure D32 Nls XPS spectra of activated carbon from DETA-derived
polybenzoxazine at 300 °c.



Activated carbon from DETA-derived polybenzoxazine at 400 °c
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Figure D33 C l s  X P S  sp e c tra  o f  a c tiv a te d  c a rb o n  fro m  D E T A -d e riv e d  
p o ly b e n z o x a z in e  a t 4 0 0  ๐c .
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Binding Energy(eV)

Figure D34 Ols XPS spectra of activated carbon from DETA-derived
polybenzoxazine at 400 °c.
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Figure D35 N l s  X P S  sp e c tra  o f  a c tiv a te d  c a rb o n  from  D E T A -d e riv e d  
p o ly b e n z o x a z in e  a t 4 0 0  ๐c .

A c tiv a te d  c a rb o n  fro m  P E H A -d e riv e d  p o ly b e n z o x a z in e  a t  3 0 0  ๐c

300 280

Binding Energy(eV)
Figure D36 C l s  X P S  sp e c tra  o f  a c tiv a te d  c a rb o n  from  P E H A -d e riv e d  
p o ly b e n z o x a z in e  a t 300 °c.
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Figure D 3 7  o i s  X P S  sp ec tra  o f  a c tiv a te d  c a rb o n  fro m  P E H A -d e riv e d  
p o ly b e n z o x a z in e  a t  300 °c.
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Binding Energy(eV)

Figure D38 N ls XPS spectra of activated carbon from PEHA-derived
polybenzoxazine at 300 °c.
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Appendix E %Burn Off of Carbonization and Activation Polybenzoxazines

Table E l C o m p a riso n  o f  % b u m  o f f  o f  a c tiv a te d  c a rb o n  from  p o ly b e n z o x a z in e  v a ry 
ing  c a rb o n iz a t io n  te m p e ra tu re

C a r b o n iz a t io n . % B u m  o f f % B u m  o f f
te m p e ra tu re  (๐C ) a f te r  c a rb o n iz a tio n a f te r  ac tiv a tio n

2 0 0 - 6 .4 0 % 7 0 .1 5 %
30 0 2 8 .4 1 % 7 0 .2 0 %
4 0 0 5 2 .7 3 % 7 0 .2 5 %

Figure E l % b u m  o f f  o f  a c tiv a te d  c a rb o n  from  p o ly b e n z o x a z in e  a t  2 0 0  °c.



120

Time (min)

Figure E2 % b u m  o f f  o f  a c tiv a te d  c a rb o n  fro m  p o ly b e n z o x a z in e  a t 300 ๐ c.

Figure E3 %bum off of activated carbon from polybenzoxazine at 400 ๐c.



102

Appendix F Isotherm and HK Pore Size Distribution of All Adsorbents

Figure FI I so th e rm  o f  u n tre a te d  a c tiv a te d  c a rb o n .
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Figure F2 Horvath and Kawazoe pore size distribution of untreated activated
carbon.
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Figure F3 Iso th e rm  o f  lw t%  P B Z  d e riv e d  f ro m  D E T A  im p re g n a tin g  o n  a c tiv a te d  
c a rb o n .
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Figure F4 Horvath and Kawazoe pore size distribution of lwt% PBZ derived from
DETA impregnating on activated carbon.
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Figure F5 Iso th e rm  o f  5 w t%  P B Z  d e r iv e d  fro m  D E T A  im p re g n a tin g  on  a c tiv a te d  
c a rb o n .

Figure F6 Horvath and Kawazoe pore size distribution of 5wt% PBZ derived from
DETA impregnating on activated carbon.
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Figure F7 Iso th e rm  o f  1 0 w t%  P B Z  d e r iv e d  from  D E T A  im p re g n a tin g  o n  a c tiv a te d  
ca rb o n .

Figure F8 Horvath and Kawazoe pore size distribution of 10wt% PBZ derived from
DETA impregnating on activated carbon.
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Figure F9 Iso th e rm  o f  1 0 w t%  P B Z  d e r iv e d  from  P E H A  im p re g n a tin g  o n  a c tiv a te d  
c a rb o n .

Figure F10 Horvath and Kawazoe pore size distribution of 10wt% PBZ derived
from PEHA impregnating on activated carbon. *
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Figure F l l  Iso th e rm  o f  a c tiv a te d  ca rb o n  fro m  D E T A -d e riv e d  p o ly b e n z o x a z in e  a t
200  °c.
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Figure F12 Horvath and Kawazoe pore size distribution of activated carbon from
DETA-derived polybenzoxazine at 200 °c.
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Figure F13 Isotherm of activated carbon from DETA-derived polybenzoxazine at 
300 °c.

Figure F14 H orvath  and K aw azoe pore size d istribution  o f  activated  carbon  from
D E T A -derived  polybenzoxazine a t 300 ๐c .
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Figure F15 Isotherm of activated carbon from DETA-derived polybenzoxazine at 
400 °c.
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Figure F16 H orvath  and K aw azoe pore size d istribution  o f  activated  carbon  from
D E T A -derived  po lybenzoxazine a t 400  ๐c .
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Isotherm of activated carbon from PEHA-derived polybenzoxazine atFigure FI7
300 °c.
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