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APPENDICES

Appendix A Adsorption Capacity of MP-PCH
The adsorption capacity o f  M P -P C H  w ere obtained  from  IC P -O E S data. The  

0,05  g  o f  the adsorbent w as srirred in the 100 mL o f  standard h eavy  m etal solution  at 
room  tem perature w h ich  varied pH o f  standard so lu tion  and contact tim e. The in itial 
and final concentration o f  the standard h eavy  m etal so lution  w as m easured by u sin g  
IC P-O E S. The adsorption capacity o f  each elem en t w a s calcu lated  from  this  
equation.

A dsorption  Capacity (q)

( C i - C e ) V  
q พ

where:
Ci =  initial concentration  o f  standard heavy m etal so lution  
Ce =  final or equilibrium  concentration o f  standard h eavy  m etal solution  
V  =  vo lu m n  o f  so lution
พ  =  w eigh t o f  the adsorbent
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Table A l Adsorption Capacities of MP-PCH for heavy metal at pH 3

E lem en ts
Adsorption Capacity o f M P-PC H (m m ol/g)

1 st tim e 2 nd tim e 3 rd tim e A v e r a g e S D
M n 0 .0 7 9 0 .077 0 .075 0.075 0 . 0 0 2

N i 0 .0 6 8 0 .062 0 .065 0 .065 0 .003
Cu 0 .0 2 6 0.038 0 .032 0 .0 3 2 0 .0 0 6
Cd 0 .0 3 2 0 .037 0 .035 0 .035 0 .002 5
Pb 0 . 0 1 1 0 .016 0 .015 0 .0 1 4 0 .0 0 2 6

T a b le  A 2  A dsorption  C apacities o f  M P -P C H  for heavy m etal at pH 5

E lem en ts
A dsorption Capacity o f M P-PC H (m m ol/g).

1 st tim e 2 nd tim e 3 rd tim e A v e r a g e S D
M n 0 .3 4 0 0 .332 0.331 0 .3 3 4 0 .005
N i 0 .2 8 2 0 .279 0 .285 0 .2 8 2 0 .003
Cu 0.185 0 .189 0 .1 8 9 0 .188 0 . 0 0 2

Cd 0.125 0.125 0 .125 0 .125 0

Pb 0 .0 5 9 0.061 0 .0 5 9 0 .0 6 0 0 . 0 0 1

T a b le  A 3  A dsorption  C apacities o f  M P -P C H  for heavy m etal at pH 7

E lem en ts
Adsorption Capacity of M P-PC H (m m ol/g)

1 st tim e 2 nd tim e 3rd tim e A v e r a g e S D
M n 0 .3 7 2 0 .370 0 .3 7 0 0.371 0 . 0 0 1

N i 0 .3 5 2 0 .352 0.351 0 .3 5 2 0 .0 0 0 6
Cu 0 .1 8 8 0.188 0 .1 8 9 0 .188 0 .0 0 0 6
Cd 0.171 0.171 0.171 0.171 0

Pb 0 .0 9 9 0 .098 0 .098 0 .098 0 .0 0 0 6
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Table A4 Adsorption Capacities of MP-PCH for heavy metal at pH 9

E lem en ts
A dsorption Capacity o f M P-PC H (m m ol/g)

1 st tim e 2 nd tim e 3rd tim e A v e r a g e S D
M n 0 .3 1 7 0.315 0 .315 0 .3 1 6 0 . 0 0 1

N i 0 .353 0.353 0 .353 0.353 0

Cu 0 .1 3 9 0 .138 0 .1 3 9 0 .1 3 9 0 . 0 0 1

Cd 0 .1 7 8 0 .166 0 .1 7 6 0 .1 7 4 0 .0 0 6
Pb 0 . 1 0 0 0.098 0 .098 0 .0 9 9 0 . 0 0 1

Table A 5  A dsorption  C apacities o f  M P -P C H  for heavy m etal at pH  7 and u sin g  
contact tim e 4 hr

E lem en ts
A dsorption Capacity o f M P-PCH (m m ôI/g)

1 st t im e 2 nd tim e 3 rd tim e A v e r a g e S D
M n 0 .1 3 7 0.141 0.141 0 .1 4 0 0 . 0 0 2

N i 0 .1 3 2 0.141 0 .143 0 .1 3 9 0 .0 0 6
Cu 0 .0 7 7 0.083 0 .0 8 2 0.081 0 .003
Cd 0 .0 7 4 0 .072 0 .0 6 9 0 .0 7 2 0 .003
Pb 0 .0 3 9 0 .0 2 9 0 .0 3 2 0 .033 0 .0 0 5

Table A 6  A dsorption  C apacities o f  M P -P C H  for h eavy  m etal at pH  7 and u sin g  
contact tim e 1 2  hr

E lem en ts
A dsorption Capacity o f M P-PC H (m m ol/g)

1 st tim e 2 nd tim e 3rd tim e A v e r a g e S D
M n 0.328 0 .327 0 .3 2 8 0 .3 2 8 0 .0 0 0 6
N i 0.353 0 .359 0 .3 6 0 0 .3 5 7 0 .0 0 4
Cu 0.243 0 .2 4 0 0 .2 4 0 0.241 0 . 0 0 2

Cd 0.173 0.173 0.171 0 .1 7 2 0 . 0 0 1

Pb 0 . 1 0 0 0 . 1 0 0 0 . 1 0 1 0 . 1 0 0 0 .0 0 0 6
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Table A7 Adsorption Capacities o f MP-PCH for heavy metal at pH 7 and using
contact time 12 hr

E lem en ts
A dsorption Capacity o f M P-PC H (m m ol/g)

1 st t im e 2 nd tim e 3rd tim e A v e r a g e S D
M n 0 .3 2 8 0 .327 0 .328 0 .3 2 8 0 .0 0 0 6
N i 0 .353 0 .359 0 .3 6 0 0 .3 5 7 0 .0 0 4
Cu 0.243 0 .240 0 .2 4 0 0.241 0 . 0 0 2

Cd 0.173 0.173 0.171 0 .1 7 2 0 . 0 0 1

Pb 0 . 1 0 0 0 . 1 0 0 0 . 1 0 1 0 . 1 0 0 0 .0 0 0 6

T a b le  A 8  A dsorption  C apacities o f  M P -P C H  for heavy m etal at pH  7 and u sin g  
contact tim e 24  hr

E lem en ts
A dsorption Capacity o f M P-PCH (m m oI/g)

1 st t im e 2 nd tim e 3 rd tim e A v e r a g e S D
M n 0 .5 0 6 0 .506 0 .5 0 6 0 .5 0 6 0

N i 0 .483 0.483 0 .482 0 .483 0 . 0 0 1

Cu 0 .2 3 9 0 .234 0 .2 3 9 0 .2 3 7 0 .003
Cd 0 .2 2 4 0 .224 0.223 0 .2 2 4 0 . 0 0 1

Pb 0 .1 1 6 0 .116 0 .1 1 6 0 .1 1 6 0
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T a b le  A 9  A dsorption  C apacities o f  M P -P C H  for h eavy  m etal at pH  7 and using  
contact tim e 48  hr

E lem en ts
Adsorption Capacity o f M P-PC H (m m ol/g)

1 st t im e 2 nd tim e 3rd tim e A v e r a g e S D
M n 0 .4 9 8 0.503 0 .5 0 4 0 .5 0 2 0 .003
N i 0 .4 8 4 0 .484 0 .4 8 4 0 .4 8 4 0

Cu 0 .2 3 7 0 .237 0 .2 3 6 0 .2 3 7 0 . 0 0 1

Cd 0 .2 1 9 0.223 0 .223 0 . 2 2 2 0 . 0 0 2

Pb 0 . 1 1 0 0.115 0 .113 0 .113 0 .003
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A p p e n d ix  B  A d so r p tio n  C a p a c ity  o f  D M -P C H
H igh  Perform ance Liquid Chrom atography (H PL C ) w ith  U V -V is ib le  

detector w a s utilized  to  in vestigate  adsorption capacity o f  D M -P C H . The adsorbent 
w a s stirred w ith  organ ics solution  w h ich  varied concentration and contact tim e and 
then the concentration o f  organic solution  w a s m easured by H PLC. The adsorption  
capacities o f  D M -P C H  w a s calculated by taking the sam e equation w ith M P-PC H .

T a b le  B1 R elationship  b etw een  concentration and peak area o f  4-ch lorogu a iaco l

C o n c e n tr a tio n P ea k  area
(m M ) 1st tim e 2nd tim e 3 rd tim e A v e r a g e SD

0 . 2 116205 116211 116210 116209 3 .2 1 4 5
0.4 19 87 69 198763 198762 198765 3 .7 8 5 9
0 . 6 29 8 0 0 3 298001 2 9 7 9 9 7 2 9 8 0 0 0 3 .050 5
0 . 8 3 8 9 7 6 0 389761 3 8 9 7 5 9 3 8 9 7 6 0 1.0000
1.0 49 00 51 49 0 0 4 9 4 9 0 0 5 4 490051 2 .5 1 6 6

6 0 0 0 0 0  

5 0 0 0 0 0  

4 0 0 0 0 0

0>
เร ่ 3 0 0 0 0 0

ร
^  200000  

100000  

0
0  0 .2  0 .4  0 .6  0 .8  1 1 .2

C o n c e n t r a t io n  {m M }

F ig u r e  B1 Standard curve o f  4 -ch lorogu aiacol
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T a b le  B 2 A dsorption  C apacities o f  D M -P C H  for 4-ch loroguaiacol at varied  
concentration

C o n c e n tr a tio n A dsorption Capacity o f DM -PC H (m M /g)
(m M ) 1 st t im e 2 nd tim e 3 rd tim e A v era g e SD

0 . 2 0 0 . 2 0 1 0 . 2 0 1 0 . 2 0 0 0 . 2 0 1 0 .0 0 0 6
0 .40 2 .8 0 5 2.803 2 .796 2.801 0.005
0 .60 2.511 2 .510 2 .510 2 .5 1 0 0 .0 0 0 6
0 .8 0  : 1 .806 1.806 1.808 1.807 0 . 0 0 1

T a b le  B 3 A dsorption  C apacities o f  D M -P C H  for 4-ch loroguaiacol at concentration
0 .4  m M  and varied contact tim e

C o n ta c t  .tim e Adsorption Capacity of D M -PC H (m M /g)
(h r) 1 st tim e 2 nd tim e 3rd tim e A v era g e SD

4 2.103 2 .097 2 . 1 0 1 2 . 1 0 0 0.003
1 2 3 .2 1 6 3 .219 3.216 3 .2 1 7 0 . 0 0 2

24 3 .6 2 0 3.613 3.611 3 .615 0.005
48 3 .6 1 4 3.615 3.615 3 .615 0 .0 0 0 6

T a b le  B 4  R elationsh ip  b etw een  concentration and peak area o f  2 ,6-din itrophenol

C o n c e n tr a tio n P eak  area
(m M ) 1 st t im e 2 nd tim e 3 rd tim e A v era g e SD

0 . 2 0 85 0 9 4 85100 85100 85098 3.4641
0 .40 167656 167649 167652 167652 3 .5 1 1 9
0 .60 2 6 6 8 8 9 26 6 8 8 7 26 68 86 2 6 6 8 8 7 1.5275
0 .80 3 5 8 6 4 9 35 8 6 5 0 358648 3 5 8 6 4 9 1 . 0 0 0 0

1 . 0 0 4 5 8 9 4 0 45 8 9 3 8 458942 4 5 8 9 4 0 2 . 0 0 0 0
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500000  
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150000  
100000  
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F ig u r e  B 2  Standard curve o f  2 ,6-din itrophenol

T a b le  B 5  A dsorption  C apacities o f  D M -P C H  for 2 ,6-d in itrophenol at varied  
concentration

C o n c en tra tio n A dsorption Capacity o f D M -PC H (m M /g)
(m M ) 1st t im e 2 nd tim e 3 rd tim e A v e r a g e SD

0 . 2 0 0 .001 0 .0 0 0 0 .0 0 0 0 . 0 0 0 0 .0 0 0 6
0 .4 0 1 .319 1.309 1.311 1 .314 0 .005
0 .6 0 1.501 1.505 1.502 1.503 0 . 0 0 2

0 .8 0 1 .320 1.313 1.315 1 .316 0 .0 0 4
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T a b le  B 6 A dsorption C apacities o f  D M -P C H  for 2,6-d in itrophenol at concentration
0 .4  m M  and varied  contact tim e

C o n ta c t  tim e Adsorption Capacity o f D M -PC H (m M /g)
(hr) 1st t im e 2nd tim e 3rd tim e A v era g e S D

4 0 .0 9 9 0 . 1 0 0 0 . 1 0 0 0 . 1 0 0 0 .0 0 0 6
1 2 1.218 1 . 2 1 1 1 . 2 1 1 1.213 0 .0 0 4
24 1.436 1.435 1.436 1.436 0 .0 0 0 6
48 1.438 1.436 1.436 1.436 0.001
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