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A PPEN D IC ES

APPENDIX A Experimental data for C8 adsorption study on carbon 
black.
W e ig h t  o f  ca rb o n  b la c k  =  2 .5  g
V o lu m e  o f  s o lu t io n  =  2 0  m l
T em p era tu re  =  30°c
p H  = 9

Table A1 D a ta  for  C 8  a d so rp tio n  o n  ca rb o n  b la c k  w ith o u t  c a lc iu m  a d d itio n .

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  C 8  
co n cen tra tio n  

(p M )

C 8  a d so r p tio n  
( p m o le /m 2)

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

1 0 2 4 4 .7 9 7 3 3 7 .9 3 2 9 0 6 .8 6 0 .3 0 2 8
1 9 9 4 2 .7 1 1 4 9 7 9 .5 1 4 9 6 3 .2 0 0 .5 1 7 0
3 7 6 1 9 .7 9 2 8 3 6 6 .4 3 9 2 5 3 .3 6 0 .9 6 3 9
4 9 6 1 9 .7 9 3 7 6 2 6 .4 8 1 1 9 9 3 .3 2 1 .2 4 9 3
6 1 6 6 6 .6 7 5 0 2 8 6 .0 2 1 1 3 8 0 .6 4 1 .1 8 5 5
6 9 1 1 4 .5 8 5 5 4 0 0 .9 0 1 3 7 1 3 .6 8 1 .4 2 8 5
7 8 2 2 9 .1 7 6 2 7 7 5 .3 2 1 5 4 5 3 .8 5 1 .6 0 9 8
8 7 6 0 4 .1 7 7 2 2 1 1 .6 7 1 5 3 9 2 .5 0 1 .6 0 3 4
9 7 3 9 5 .8 3 8 0 3 9 7  84 1 6 9 9 7 .9 9 1 .7 7 0 6
1 1 7 0 3 1 .2 5 9 9 7 0 0 .1 5 1 7 3 3 1 .1 0 1 .8 0 5 3
1 3 6 7 1 8 .7 5 1 1 2 4 8 1 .0 2 2 4 2 3 7 .7 3 2 .5 2 4 8
1 7 5 1 5 6 .2 5 1 5 1 1 8 9 .3 9 2 3 9 6 6 .8 6 2 .4 9 6 5
1 9 8 1 7 7 .0 8 1 6 8 6 5 9 .6 9 2 9 5 1 7 .4 0 3 .0 7 4 7
2 4 8 2 0 3 .1 3 2 1 9 9 7 0 .9 9 2 8 2 3 2 .1 3 2 .9 4 0 8
2 9 9 7 3 9 .5 8 2 5 4 6 7 7 .8 7 4 5 0 6 1 .7 1 4 .6 9 3 9
3 8 5 9 3 7 .5 0 3 5 5 0 6 3 .2 2 3 0 8 7 4 .2 8 3 .2 1 6 1
5 9 3 2 2 9 .1 7 5 2 4 8 9 4 .9 8 6 8 3 3 4 .1 8 7 .1 1 8 1
6 8 2 8 1 2 .5 0 6 2 1 2 5 5 .3 3 6 1 5 5 7 .1 7 6 .4 1 2 2
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T able  A2 Data for C8 adsorption on carbon black at the initial calcium
concentration 100 pM.

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  C 8  
c o n c e n tr a tio n  

(p M )

C 8  a d so rp tio n  
( p m o le /m 2)

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

2 0 1 7 1 .8 8 1 6 4 1 0 .2 3 3 7 6 1 .6 5 0 .3 9 1 8
2 9 6 6 1 .4 6 2 2 4 1 4 .6 9 7 2 4 6 .7 6 0 .7 5 4 9
3 9 4 1 6 .6 7 3 1 2 7 0 .5 5 8 1 4 6 .1 2 0 .8 4 8 6
4 8 0 8 8 .5 4 3 7 1 4 5 .5 6 1 0 9 4 2 .9 8 1 .1 3 9 9
5 8 5 4 1 .6 7 4 7 2 4 2 .9 8 1 1 2 9 8 .6 9 1 .1 7 6 9
6 7 7 6 0 .4 2 5 4 1 9 7 .2 5 1 3 5 6 3 .1 7 1 .4 1 2 8
7 7 2 9 1 .6 7 6 1 6 2 1 .2 6 1 5 6 7 0 .4 0 1 .6 3 2 3
8 7 4 4 7 .9 2 6 8 7 9 7 .8 5 1 8 6 5 0 .0 6 1 .9 4 2 7
9 7 5 5 2 .0 8 7 7 1 3 2 .9 0 2 0 4 1 9 .1 9 2 .1 2 7 0
1 1 3 5 9 3 .7 5 9 1 6 5 4 .6 1 2 1 9 3 9 .1 4 2 .2 8 5 3
1 3 4 8 9 5 .8 3 1 0 6 9 9 5 .0 3 2 7 9 0 0 .8 0 2 .9 0 6 3
1 5 8 1 7 7 .0 8 1 2 9 0 5 1 .3 7 2 9 1 2 5 .7 2 3 .0 3 3 9
1 7 7 2 3 9 .5 8 1 4 7 0 7 7 .1 1 3 0 1 6 2 .4 7 3 .1 4 1 9
1 9 8 9 5 8 .3 3 1 6 6 1 5 9 .1 3 3 2 7 9 9 .2 0 3 .4 1 6 6
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T ab le  A3 Data for C8 adsorption on carbon black at the initial calcium
concentration 700 pM.

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  C 8  
c o n c e n tr a tio n  

(p M )

C 8  a d so r p tio n  
( p m o le /m 2)

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

Table A4 D a ta  for  C 8  a d so rp tio n  o n  ca rb o n  b la c k  at th e  in it ia l c a lc iu m  
c o n c e n tr a tio n  1 0 0 0  p M .

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
co n cen tra tio n  

(p M )

D iffe r e n t  C 8  
c o n c e n tr a tio n  

(h M )

C 8  a d so rp tio n  
( p m o le /m 2)

1 9 5 8 .3 3 6 7 6 .0 2 1 2 8 2 .3 1 0 .1 3 3 6
4 0 9 2 .1 9 1 9 4 6 .7 1 2 1 4 5 .4 7 0 .2 2 3 5
4 9 6 8 .2 3 2 4 5 8 .1 4 2 5 1 0 .0 9 0 .2 6 1 5
5 7 9 6 .8 8 2 8 7 5 .9 8 2 9 2 0 .9 0 0 .3 0 4 3
1 2 5 6 7 .7 1 6 6 8 5 .8 4 5 8 8 1 .8 7 0 .6 1 2 7
1 6 8 5 4 .1 7 9 8 2 5 .3 1 7 0 2 8 .8 6 0 .7 3 2 2
1 9 9 5 8 .3 3 1 1 9 5 9 .8 9 7 9 9 8 .4 5 0 .8 3 3 2
2 9 8 9 5 .8 3 2 0 8 8 9 .6 8 9 0 0 6 .1 5 0 .9 3 8 1
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T ab le  A5 Data for the amount o f  adsorbed calcium on carbon black from C8
adsorption study at the initial calcium concentration 100 fiM.

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

C a lc iu m
a d so rp tio n

( p m o le /m 2)
0 0 9 6 .2 5 0 .0 0 0 4

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

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



T ab le  A6 Data for the amount o f adsorbed calcium on carbon black from C8
adsorption study at the initial calcium concentration 700 pM.

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

C a lc iu m
A d so r p tio n
(p m o le /m 2)

0 0 4 6 3 .5 0 0 .0 3 3 8
9 4 4 .7 9 3 0 0 .5 4 3 2 .5 0 0 .0 7 8 7
1 8 3 8 .5 4 7 1 1 .5 4 2 3 .2 5 0 .0 7 9 7
2 8 3 2 .2 9 1 3 6 5 .3 4 2 2 .7 5 0 .0 7 9 7
5 5 2 6 .0 4 3 6 3 0 .5 3 4 2 .2 5 0 .0 7 7 7
7 5 4 1 .6 7 5 2 0 3 .1 7 2 2 .0 0 0 .0 7 9 8
9 3 8 0 .2 1 6 3 1 3 .0 1 4 3 .0 0 0 .0 7 7 6
1 2 2 8 1 .2 5 7 4 7 2 .9 2 2 0 .0 0 0 .0 8 0 0
1 6 1 3 0 .2 1 1 0 4 8 3 .1 2 2 1 .5 0 0 .0 7 9 8
2 0 5 4 1 .6 7 1 4 7 7 4 .4 2 2 0 .2 5 0 .0 8 0 0
2 9 7 6 5 .6 3 2 2 4 5 9 .7 4 2 6 .2 5 0 .0 7 9 3
3 8 8 4 8 .9 6 3 0 3 0 9 .1 3 2 0 .2 5 0 .0 8 0 0
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Table A  7  D a ta  fo r  th e  a m o u n t o f  a d so rb ed  c a lc iu m  o n  ca rb o n  b la c k  fro m  C 8  
a d so r p tio n  s tu d y  at th e  in it ia l c a lc iu m  c o n c e n tr a tio n  1 0 0 0  p M .

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

C a lc iu m
a d so rp tio n

( p m o le /m 2)
0 0 5 3 .1 3 0 .0 9 8 6

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

1 2 5 6 7 .7 1 6 6 8 5 .8 4 8 3 .0 0 0 .0 9 5 5
1 6 8 5 4 .1 7 9 8 2 5 .3 1 5 8 .2 5 0 .0 9 8 1
1 9 9 5 8 .3 3 1 1 9 5 9 .8 9 5 2 .2 5 0 .0 9 8 7
2 9 8 9 5 .8 3 2 0 8 8 9 .6 8 3 1 .5 0 0 .1 0 0 9
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APPENDIX B
Experimental data for C8 adsorption study on paper fiber.
W e ig h t  o f  dry p a p er  fib er  =  1.0 g
V o lu m e  o f  s o lu t io n  =  2 5  m l
T em p era tu re  =  30°c
p H  = 9

Table B1 D a ta  for  C 8  a d so rp tio n  o n  p a p er  fib er  w ith o u t  c a lc iu m  a d d itio n .

In itia l C 8  
c o n c e n tr a tio n  

( f iM )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  C 8  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

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

1 0 2 1 7 .7 1 9 2 4 2 .7 1 9 7 5 .0 0 0 .2 4 3 8
1 7 9 4 2 .7 1 1 6 0 0 8 .3 3 1 9 3 4 .3 8 0 .4 8 3 6
2 1 3 6 9 .7 9 1 9 2 7 3 .9 6 2 0 9 5 .8 3 0 .5 2 4 0
3 1 6 1 4 .5 8 2 9 0 8 1 .2 5 2 5 3 3 .3 3 0 .6 3 3 3
4 2 3 4 3 .7 5 3 9 0 5 5 .2 1 3 2 8 8 .5 4 0 .8 2 2 1
6 1 1 1 9 .7 9 5 4 2 6 3 .5 4 6 8 5 6 .2 5 1 .7 1 4 1
8 1 0 9 3 .7 5 7 2 3 6 2 .5 0 8 7 3 1 .2 5 2 .1 8 2 8
9 7 8 1 2 .5 0 9 0 8 2 6 .0 4 6 9 8 6 .4 6 1 .7 4 6 6
1 1 8 4 8 9 .5 8 1 0 7 7 5 3 .1 3 1 0 7 3 6 .4 6 2 .6 8 4 1
1 5 5 9 6 3 .5 4 1 4 4 3 6 7 .7 1 1 1 5 9 5 .8 3 2 .8 9 9 0
1 9 5 1 0 4 .1 7 1 8 3 0 1 3 .5 4 1 2 0 9 0 .6 3 3 .0 2 2 7
2 9 5 1 0 4 .1 7 2 7 9 5 7 6 .0 4 1 5 5 2 8 .1 2 3 .8 8 2 0
3 8 8 5 9 3 .7 5 3 6 4 4 1 9 .7 9 2 4 1 7 3 .9 6 6 .0 4 3 5
4 7 6 0 9 3 .7 5 4 4 3 3 2 6 .0 4 3 2 7 6 7 .7 1 8 .1 9 1 9
5 6 8 7 5 0 .0 0 5 3 6 2 4 2 .7 1 3 2 5 0 7 .2 9 8 .1 2 6 8
6 8 4 8 9 5 .8 3 6 5 3 6 3 8 .5 4 3 1 2 5 7 .2 9 7 .8 1 4 3
7 7 5 9 3 7 .5 0 7 4 4 4 7 1 .8 8 3 1 4 6 5 .6 3 7 .8 6 6 4
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T ab le  B2 Data for C8 adsorption on paper fiber at the initial calcium
concentration 1000 pM.

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  C 8  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

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

Table B3 D a ta  for C 8  a d so rp tio n  o n  p ap er  fib er  at th e  in itia l c a lc iu m  
c o n c e n tr a t io n  2 0 0 0  p M .

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  C 8  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

1 0 7 9 .1 7 4 1 9 .7 9 6 5 9 .3 8 0 .1 6 4 8
2 0 5 4 .1 7 1 3 5 8 .3 3 6 9 5 .8 3 0 .1 7 4 0
3 0 7 2 .9 2 2 3 7 0 .8 3 7 0 2 .0 8 0 .1 7 5 5
4 0 8 4 .3 8 3 2 5 7 .2 9 8 2 7 .0 8 0 .2 0 6 8
6 0 0 7 .2 9 4 8 7 2 .9 2 1 1 3 4 .3 8 0 .2 8 3 6
7 8 7 8 .1 3 7 0 3 5 .4 2 8 4 2 .7 1 0 .2 1 0 7
9 9 1 7 .7 1 8 7 2 3 .9 6 1 1 9 3 .7 5 0 .2 9 8 4
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T ab le  B4 Data for the amount o f  adsorbed calcium on paper fiber from G8
adsorption study at the initial calcium concentration 1000 pM.

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

C a lc iu m
a d so rp tio n

( p m o le /m 2)
0 0 6 4 8 .1 2 5 0 0 .0 9 1 9

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

Table B5 D a ta  fo r  th e  a m o u n t o f  a d so rb ed  c a lc iu m  o n  p a p er  fib er  fr o m  C 8  
a d so r p tio n  s tu d y  at th e  in it ia l c a lc iu m  c o n c e n tr a tio n  2 0 0 0  p M .

In itia l C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

C a lc iu m
a d so rp tio n

( p m o le /m 2)
0 0 1 6 0 6 .8 7 5 0 0 .1 4 0 5

1 0 7 9 .1 7 4 1 9 .7 9 1 7 7 5 .6 2 5 0 0 .0 9 8 3
2 0 5 4 .1 7 1 3 5 8 .3 3 1 8 0 8 .1 2 5 0 0 .0 9 0 2
3 0 7 2 .9 2 2 3 7 0 .8 3 1 8 1 0 .6 2 5 0 0 .0 8 9 5
4 0 8 4 .3 8 3 2 5 7 .2 9 1 8 4 0 .6 2 5 0 0 .0 8 2 0
6 0 0 7 .2 9 4 8 7 2 .9 2 1 8 4 3 .1 2 5 0 0 .0 8 1 4
7 8 7 8 .1 3 7 0 3 5 .4 2 1 8 2 3 .1 2 5 0 0 .0 8 6 4
9 9 1 7 .7 1 8 7 2 3 .9 6 1 8 5 4 .3 7 5 0 0 .0 7 8 6
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APPENDIX c
E xperim en ta l d a ta  for calcium  adso rp tion  on carbon  black.

W e ig h t  o f  ca rb o n  b la c k  =  2 .5  g
V o lu m e  o f  s o lu t io n  =  2 0  m l
T em p era tu re  =  30°c
p H  = 9

Table Cl D a ta  fo r  c a lc iu m  a d so rp tio n  on  carb on  b la ck  w ith o u t  C 8  a d d itio n .

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

F in a l c a lc iu m  
c o n c e n tr a tio n  

( p  M )

D iffe r e n t  c a lc iu m  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

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



T ab le  C2 Data for calcium adsorption on carbon black at the initial C8
concentration 100 pM.

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

F in a l c a lc iu m  
c o n c e n tr a tio n  

(p M )

D if fe r e n t  c a lc iu m  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

6 3 8 .7 5 8 1 .2 5 5 5 7 .5 0 0 .0 5 8 1
1 1 9 2 .1 9 5 1 .8 8 1 1 4 0 .3 1 0 .1 1 8 8
2 6 8 1 .2 5 5 0 6 .2 5 2 1 7 5 .0 0 0 .2 2 6 6
4 6 5 6 .2 5 6 8 7 .5 0 3 9 6 8 .7 5 0 .4 1 3 4
6 4 6 8 .7 5 2 4 7 5 .0 0 3 9 9 3 .7 5 0 .4 1 6 0
8 5 2 5 .0 0 2 9 6 2 .5 0 5 5 6 2 .5 0 0 .5 7 9 4
1 0 3 5 0 .0 0 4 9 0 0 .0 0 5 4 5 0 .0 0 0 .5 6 7 7
1 4 8 6 2 .5 0 8 2 0 6 .2 5 6 6 5 6 .2 5 0 .6 9 3 4
1 9 3 6 8 .7 5 1 2 3 0 0 .0 0 7 0 6 8 .7 5 0 .7 3 6 3
2 3 5 6 2 .5 0 1 5 5 7 5 .0 0 7 9 8 7 .5 0 0 .8 3 2 0
2 7 6 2 5 .0 0 1 9 3 2 5 .0 0 8 3 0 0 .0 0 0 .8 6 4 6
3 1 6 8 7 .5 0 2 2 8 3 7 .5 0 8 8 5 0 .0 0 0 .9 2 1 9
3 5 5 8 7 .5 0 2 6 9 3 7 .5 0 8 6 5 0 .0 0 0 .9 0 1 0
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T ab le  C3 Data for calcium adsorption on carbon black at the initial C8
concentration 500 pM.

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

F in a l c a lc iu m  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  c a lc iu m  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

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

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



T ab le  C4 Data for calcium adsorption on carbon black at the initial C8
concentration 1000 pM.

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

F in a l c a lc iu m  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  c a lc iu m  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

5 4 0 .0 0 9 3 .7 5 4 4 6 .2 5 0 .0 4 6 5
1 0 3 9 .3 8 8 8 .1 3 9 5 1 .2 5 0 .0 9 9 1
2 0 6 2 .5 0 1 7 5 .0 0 1 8 8 7 .5 0 0 .1 9 6 6
4 2 1 2 .5 0 6 1 8 .7 5 3 5 9 3 .7 5 0 .3 7 4 3
5 9 8 1 .2 5 1 3 6 2 .5 0 4 6 1 8 .7 5 0 .4 8 1 1
7 9 0 0 .0 0 1 7 1 2 .5 0 6 1 8 7 .5 0 0 .6 4 4 5
1 0 0 5 6 .2 5 3 0 1 2 .5 0 7 0 4 3 .7 5 0 .7 3 3 7
1 4 4 8 7 .5 0 5 6 7 5 .0 0 8 8 1 2 .5 0 0 .9 1 8 0
1 8 5 0 6 .2 5 8 9 3 7 .5 0 9 5 6 8 .7 5 0 .9 9 6 7
2 2 1 7 5 .0 0 1 2 1 6 2 .5 0 1 0 0 1 2 .5 0 1 .0 4 3 0
2 6 4 6 2 .5 0 1 6 2 3 7 .5 0 1 0 2 2 5 .0 0 1 .0 6 5 1
3 0 0 7 5 .0 0 1 9 6 8 7 .5 0 1 0 3 8 7 .5 0 1 .0 8 2 0
3 4 8 0 0 .0 0 2 4 6 0 0 .0 0 1 0 2 0 0 .0 0 1 .0 6 2 5
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T ab le  C5 Data for the amount o f adsorbed C8 on carbon black from calcium
adsorption study at the initial C8 concentration 500 pM.

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

C 8  a d so rp tio n  
( p m o le /m 2)

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

Table C6 D a ta  for  th e  a m o u n t o f  a d so rb ed  C 8  o n  ca rb o n  b la c k  fro m  c a lc iu m  
a d so r p tio n  s tu d y  at th e  in itia l C 8  c o n c e n tr a tio n  1 0 0 0  p M .

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

C 8  a d so rp tio n  
( p m o le /m 2)

5 4 0 .0 0 9 3 .7 5 8 1 4 .2 7 0 .0 1 8 0
4 2 1 2 .5 0 6 1 8 .7 5 6 9 7 .2 9 0 .0 3 0 2
5 9 8 1 .2 5 1 3 6 2 .5 0 4 2 8 .3 3 0 .0 5 8 2
7 9 0 0 .0 0 1 7 1 2 .5 0 4 1 3 .7 5 0 .0 5 9 8
1 0 0 5 6 .2 5 3 0 1 2 .5 0 3 0 8 .8 5 0 .0 7 0 7
1 4 4 8 7 .5 0 5 6 7 5 .0 0 2 4 9 .9 0 0 .0 7 6 8
1 8 5 0 6 .2 5 8 9 3 7 .5 0 2 2 0 .1 0 0 .0 7 9 9
2 2 1 7 5 .0 0 1 2 1 6 2 .5 0 1 8 6 .8 8 0 .0 8 3 4
2 6 4 6 2 .5 0 1 6 2 3 7 .5 0 2 0 0 .9 4 0 .0 8 1 9
3 0 0 7 5 .0 0 1 9 6 8 7 .5 0 2 0 1 .4 6 0 .0 8 1 9
3 4 8 0 0 .0 0 2 4 6 0 0 .0 0 1 6 7 .4 0 0 .0 8 5 4
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APPENDIX D
Experimental data for calcium adsorption on paper fiber.
W e ig h t  o f  dry p a p er  fib er  =  1.0 g
V o lu m e  o f  so lu t io n  =  2 5  m l
T em p era tu re  =  30°c
p H  =  9

Table D1 D a ta  for  c a lc iu m  a d so rp tio n  o n  p ap er  fib er  w ith o u t  C 8  a d d itio n .

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
co n cen tra tio n  

(p M )

D iffe r e n t  c a lc iu m  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

5 6 5 .0 0 2 2 4 .3 8 3 4 0 .6 3 0 .0 8 5 2
1 0 7 9 .3 8 5 9 0 .0 0 4 8 9 .3 8 0 .1 2 2 3
2 7 9 3 .7 5 1 4 4 6 .8 8 1 3 4 6 .8 8 0 .3 3 6 7
4 9 2 5 .0 0 3 8 8 9 .3 8 3 4 7 8 .1 3 0 .8 6 9 5
9 0 1 8 .7 5 6 5 5 1 .8 8 2 4 6 6 .8 8 0 .6 1 6 7
1 3 0 5 6 .2 5 9 5 9 5 .6 3 3 4 6 0 .6 3 0 .8 6 5 2
1 7 9 2 5 .0 0 1 2 3 3 9 .3 8 5 5 8 5 .6 3 1 .3 9 6 4
2 2 3 5 0 .0 0 1 5 5 7 6 .8 8 6 7 7 3 .1 3 1 .6 9 3 3
2 6 9 8 7 .5 0 1 9 5 6 4 .3 8 7 4 2 3 .1 3 1 .8 5 5 8
3 3 9 3 7 .5 0 2 4 8 8 9 .3 8 9 0 4 8 .1 3 2 .2 6 2 0
4 3 4 6 2 .5 0 3 5 5 1 4 .3 8 7 9 4 8 .1 3 1 .9 8 7 0
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T ab le  D2 Data for calcium adsorption on paper fiber at the initial C8
concentration 500 pM.

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  c a lc iu m  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

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

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

Table D3 D a ta  fo r  c a lc iu m  a d so rp tio n  o n  p a p er  f ib e r  at th e  in it ia l C 8  
c o n c e n tr a t io n  1 0 0 0  p M .

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

D iffe r e n t  c a lc iu m  
c o n c e n tr a tio n  

(p M )

A d so r p tio n
( p m o le /m 2)

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

1 2 7 7 5 .0 0 1 0 2 8 1 .8 8 2 4 9 3 .1 3 0 .6 2 3 3
1 5 8 8 1 .2 5 1 2 7 3 8 .1 3 3 1 4 3 .1 3 0 .7 8 5 8
2 0 4 2 5 .0 0 1 6 6 0 0 .6 3 3 8 2 4 .3 8 0 .9 5 6 1
4 0 6 1 2 .5 0 3 7 2 3 8 .1 3 3 3 7 4 .3 8 0 .8 4 3 6
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T ab le  D4 Data for the amount o f adsorbed C8 on paper fiber from calcium
adsorption study at the initial C8 concentration 500 pM.

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
co n cen tra tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

C 8  a d so rp tio n  
( p m o le /m 2)

9 8 0 .0 0 4 3 0 .0 0 5 4 .1 7 0 .0 4 6 4
2 8 0 6 .2 5 1 1 9 2 .5 0 9 3 .7 5 0 .0 4 2 3
4 5 1 8 .7 5 2 7 9 7 .5 0 1 80 .21 0 .0 3 3 3
8 6 4 3 .7 5 6 0 5 3 .7 5 2 2 3 .9 6 0 .0 2 8 8

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

Table D5 D a ta  fo r  th e  a m o u n t o f  a d so rb ed  C 8  o n  p a p er  fib er  fro m  c a lc iu m  
a d so r p tio n  s tu d y  at th e  in itia l C 8  c o n c e n tr a tio n  1 0 0 0  p M .

In itia l c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  c a lc iu m  
c o n c e n tr a tio n  

(p M )

E q u ilib r iu m  C 8  
c o n c e n tr a tio n  

(p M )

C 8  a d so r p tio n  
( p m o le /m 2)

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

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



APPENDIX E

E xperim en ta l d a ta  for zeta  po ten tia l o f ca rb o n  black.
W e ig h t  o f  ca rb o n  b la c k  =  1.5 m g
V o lu m e  o f  s o lu t io n  =  4 0  m l
T em p era tu re  =  30°c
p H  =  9

Table E l D a ta  for ze ta  p o te n tia l o f  ca rb o n  b la c k  w ith  v a r y in g  C 8  c o n c e n tr a tio n  an d  w ith o u t  c a lc iu m  a d d itio n .
C 8  C o n cen tra tio n  (p M ) 6 5 1 .4 6 1 1 7 9 .1 7 2 3 7 7 .0 8 3 5 6 6 .6 7 4 7 3 2 .2 9 7 2 9 6 .8 8

(- )  Z e ta  p o te n tia l (m V ) 1 4 2 .4 4 2 .7 3 9 .7 3 9 .7 3 9 .6 3 7 .5
2 4 2 .6 4 4  0 4 0 .0 4 3 .4 3 9 .3 3 7 .9
3 4 4 .8 4 0  5 4 1 .9 3 8 .2 4 1 .3 3 9 .4
4 4 5 .6 4 2 .1 3 8 .8 4 0 .6 4 0 .3 3 8 .5
5 4 5 .9 4 2 .6 4 0 .1 4 1 .7 4 1 .9 3 7 .2
6 4 2 .1 4 1 .9 3 8 .7 3 9 .1 4 0 .4 4 1 .1
7 4 2 .0 4 1 .8 4 1 .1 4 2 .4 3 8 .9 3 8 .0
8 4 4 .1 4 4 .7 3 9 .0 4 0 .4 3 8 .6 4 0 .4
9 4 4 .0 4 1 .2 4 1 .9 4 0 .0 4 1 .4 3 8 .9
10 3 9 .7 4 2 .7 3 8 .6 3 9 .1 3 8 .5 3 7 .4
11 4 2 .2 4 1 .4 4 0 .3 3 8 .9 4 0 .4 3 9 .9
12 4 3 .5 4 0 .5 3 8 .9 3 8 .5 4 1 .4 4 0 .5

A v e r a g e  z e ta  p o ten tia l (m V ) 4 3 .2 4 2 .2 3 9 .9 4 0 .2 4 0 .2 3 8 .9
S tan d ard  d e v ia t io n 1 .68 1 .2 2 1 .15 1 .55 1 .13 1 .2 9



T able E2 Data for zeta potential o f  carbon black with varying C8 concentration and the initial calcium concentration 100
pM.

c 8 C o n c e n tr a tio n  (pM) 5 5 7 .8 1 1 1 3 4 .3 8 2 2 1 2 .5 0 3 3 5 6 .2 5 4 4 5 1 .0 4 6 3 2 9 .1 7 1 2 4 3 7 .5 0
( -)  Z eta  p o te n tia l (m V ) 1 3 6 .2 3 4 .4 3 6 .2 3 3 .7 2 8 .3 3 3 .3 3 2 .4

2 3 7 .9 3 5 .9 3 6 .1 3 2 .7 3 1 .7 2 8 .5 3 1 .5
3 3 5 .8 3 7 .5 3 4 .6 3 4 .7 3 0 .5 2 9 .1 2 9 .5
4 3 6 .2 3 8 .3 3 6 .7 3 5 .0 3 0 .0 3 0 .3 2 9 .1
5 3 3 .6 3 3 .3 3 4 .9 3 4 .6 3 0 .0 2 9 .6 3 2 .5
6 3 6 .3 3 7 .4 3 3 .7 3 2 .7 3 1 .9 3 1 .2 3 0 .0
7 3 8 .7 3 7 .7 3 5 .1 3 3 .4 3 2 .4 32 .1 2 9 .1
8 3 7 .7 3 6 .5 3 4 .8 3 8 .4 2 8 .9 3 1 .6 2 8 .4
9 3 5 .5 3 6 .9 3 9 .2 3 5 .4 2 8 .0 3 3 .1 2 8 .2
10 3 7 .6 3 6 .5 3 3 .7 3 4 .7 3 1 .9 3 0 .4 3 1 .8
11 3 8 .7 3 4 .4 3 3 .9 3 2 .6 3 2 .3 3 0 .4 2 9 .8
12 3 9 .3 3 6 .3 3 2 .8 3 6 .9 3 1 .5 2 9 .4 2 9 .5

A v e r a g e  z e ta  p o te n tia l (m V ) 3 7 .0 3 6 .3 3 5 .1 3 4 .6 3 0 .6 3 0 .8 3 0 .2
Standard  d e v ia t io n 1 .57 1 .46 1 .65 1.68 1.51 1 .48 1.45



T able  E3 Data for zeta potential o f  carbon black with varying C8 concentration and the initial calcium concentration 700
(J.M.

C 8  C o n cen tra tio n  (p M ) 6 4 4 .9 0 1 1 9 0 .6 3 2 3 8 0 .2 1 3 5 7 7 .0 8 4 7 7 9 .1 7 8 1 7 7 .0 8 1 4 1 1 4 .5 8 1 7 3 0 2 .0 8
( -)  Z eta  p o te n tia l (m V ) 1 2 8 .0 2 7 .6 2 9 .4 2 6 .1 2 5 .0 2 1 .0 2 0 .2 2 0 .5

2 2 9 .3 2 9 .8 2 8 .6 2 3 .1 2 0 .3 2 5 .0 2 2 .6 19 .2
3 3 1 .8 3 0 .9 3 0 .6 2 5 .3 2 3 .7 2 2 .5 2 1 .8 1 9 .9
4 3 0 .0 2 8 .3 2 8 .0 2 5 .0 2 3 .9 2 5 .0 2 0 .9 2 1 .2
5 3 2 .8 2 7 .7 2 6 .2 2 3 .6 2 1 .6 2 3 .2 2 1 .4 2 0 .0
6 3 2 .2 2 7 .3 3 0 .7 2 3 .9 2 3 .0 2 2 .6 23  6 18 .6
7 3 0 .0 3 0 .2 2 8 .8 2 4 .5 2 1 .2 2 3 .0 2 0 .7 2 1 .5
8 3 0 .9 3 0 .9 2 8 .3 2 5 .0 2 0 .6 2 2 .1 2 0 .0 2 0 .9
9 3 1 .4 2 9 .1 2 6 .0 2 7 .1 2 3 .2 2 6 .0 2 1 .9 2 2 .7
10 3 1 .9 2 8 .8 3 1 .2 2 5 .9 2 1 .5 2 1 .0 2 0 .2 2 0 .4
11 3 0 .4 2 7 .1 2 8 .6 2 6 .2 2 4 .4 2 2 .5 19 .6 2 1 .6
12 2 8 .8 2 6 .8 2 9 .9 2 5 .8 2 1 .8 2 1 .6 2 1 .0 2 3 .5

A v e r a g e  z e ta  p o ten tia l (m V ) 3 0 .6 2 8 .7 2 8 .9 2 5 .1 2 2 .5 2 3 .0 2 1 .2 2 0 .8
S tan d ard  d e v ia t io n 1.41 1.41 1 .57 1.13 1 .48 1 .54 1 .12 1.33



Table E4 Data for zeta potential o f  carbon black with varying C8 concentration and the initial calcium concentration 1000
pM.

C 8 C o n cen tra tio n  (p M ) 6 0 6 .7 7 1 2 1 3 .5 4 2 3 7 5 .0 0 3 5 8 8 .5 4 7 1 1 3 .5 4 9 4 1 1 .4 6
( -)  Z eta  p o te n tia l (m V ) 1 19.1 17.1 17.1 1 0 .9 12 .2 10 .3

2 2 2 .8 2 1 .0 19 .4 14.1 11 .0 12 .8
3 2 0 .7 2 0 .0 2 0 .3 12 .3 11 .8 11 .3
4 2 2 .3 2 0 .4 2 0 .1 13 .3 11 .0 1 0 .2
5 2 0 .8 1 8 .2 2 0 .3 1 1 .0 9 .6 7 10 .5
6 2 0 .6 16 .8 19 .0 11 .3 1 4 .7 13 .5
7 2 0 .3 1 9 .4 17.1 1 0 .7 10 .7 1 0 .6
8 19 .5 1 7 .7 2 0 .3 1 1 .7 11 .0 12.1
9 2 0 .0 18 .2 17 .7 1 4 .0 10.1 11 .3
10 2 2 .7 2 0 .8 18 .2 1 2 .6 10.5 14 .3
11 19.5 1 8 .0 19.5 1 0 .8 9 .21 1 1 .2
12 2 4 .2 18 .6 16 .6 1 3 .8 11 .2 9 .9 5

A v e r a g e  z e ta  p o te n tia l (m V ) 2 1 .0 1 8 .9 18 .8 1 2 .2 11.1 11 .5
S tan d ard  d e v ia t io n 1 .53 1 .37 1 .34 1 .2 6 1 .35 1 .3 4
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T ab le  E5 Data for zeta potential o f carbon black with varying calcium
concentration and the initial C8 concentration 0 pM.

Calcium concentration (fiM) 100 200 400 800 1000 2000
(-) Zeta potential (mV) 1 29.0 24.6 20.0 15.7 14.2 14.7

2 29.4 26.1 19.5 15.4 12.6 13.6
3 26.2 27.1 17.8 16.2 15.9 14.0
4 27.0 24.8 16.0 14.5 16.8 14.2
5 27.2 25.4 18.8 15.4 14.3 12.9
6 26.3 25.9 19.6 14.7 16.1 13.5
7 27.3 24.6 20.1 16.6 15.4 12.2
8 29.2 24.0 20.3 17.4 16.8 14.3
9 26.2 26.7 16.9 14.4 14.3 12.5
10 26.8 25.1 18.0 15.9 15.7 14.7
11 28.7 24.6 20.1 16.0 12.2 15.9
12 26.1 24.4 17.6 14.2 14.4 12.5

Average zeta potential (mV) 27.5 25.3 18.7 15.5 14.9 13.8
Standard deviation 1.22 0.93 1.38 0.93 1.43 1.05

Table E6 Data for zeta potential of carbon black with varying calcium 
concentration and the initial C8 concentration 100 pM.

Calcium concentration (pM) 100 200 400 800 1000 2000
(-) Zeta potential (mV) 1 27.4 22.1 20.5 13.3 14.2 14.9

2 27.3 19.4 19.1 13.6 16.9 13.6
3 25.3 20.2 18.1 16.6 15.6 14.0
4 25.1 21.0 20.0 13.4 15.1 12.9
5 25.4 22.9 20.3 15.6 14.2 10.5
6 24.3 22.2 17.7 16.4 14.6 10.7
7 24.2 22.7 21.0 12.4 14.4 10.9
8 27.4 19.0 19.1 16.7 15.0 12.5
9 23.3 19.1 20.8 14.8 16.1 13.4
10 25.8 22.0 20.0 15.9 14.1 13.6
11 23.9 20.2 19.2 14.8 12.4 11.9
12 23.3 22.0 18.0 14.2 15.6 12.0

Average zeta potential (mV) 25.2 21.1 19.5 14.8 14.9 12.6
Standard deviation 1.45 1.37 1.08 1.39 1.10 1.35
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T ab le  E7 Data for zeta potential o f carbon black with varying calcium
concentration and the initial C8 concentration 500 pM.

Calcium concentration (pM) 100 200 400 800 1000 2000
(-) Zeta potential (mV) 1 22.9 20.0 21.0 18.0 14.7 13.8

2 25.4 24.3 19.3 14.9 14.7 12.4
3 21.3 22.1 21.2 15.4 15.9 11.1
4 24.8 22.4 18.2 15.8 11.1 11.6
5 25.4 22.0 19.7 19.7 15.0 11.3
6 26.2 23.9 17.5 18.6 14.2 13.7
7 25.3 20.9 17.3 14.0 14.4 12.8
8 25.2 24.8 20.5 18.7 13.9 11.4
9 25.9 22.5 17.7 15.7 14.8 14.5
10 24.1 21.2 22.0 15.9 15.0 13.0
11 23.7 24.1 20.2 16.4 15.1 14.1
12 24.4 19 9 20.9 15.9 14.3 12.6

Average zeta potential (mV) 24.6 22.3 19.6 16.6 14.4 12.7
Standard deviation 1.33 1.59 1.54 1.67 1.12 1.12

Table E8 Data for zeta potential of carbon black with varying calcium 
concentration and the initial C8 concentration 1000 pM.

Calcium concentration (pM) 100 200 400 800 1000 2000
(-) Zeta potential (mV) 1 26.2 23.0 16.6 11.7 12.0 11.0

2 24 0 21.0 18.4 11.0 11.6 9.7
3 25.2 19.8 15.1 12.4 11.4 11.1
4 24.0 19.2 16.6 12.7 10.0 12.2
5 23.2 20.1 18.6 13.2 12.3 11.5
6 25.0 19.6 13.8 11.3 10 3 11.0
7 20.5 21.0 13.9 14.4 10.3 12.8
8 22.1 20.5 18.4 13.0 11.0 10 2
9 23.8 18.0 15.1 12.8 12.0 11.6
10 23.7 19.8 18.0 12.4 11.1 12.4
11 24.0 20.3 17.2 11.9 11.4 12 2
12 25.2 19.9 15.9 11.7 11.6 11.3

Average zeta potential (mV) 23.9 20.2 16.5 12.4 11.2 11.4
Standard deviation 1.45 1.15 1.65 0.90 0.71 0.87



APPENDIX F

Experimental data for zeta potential of paper fiber.
Weight of paper fiber = 1.0 g
Volume of solution = 40 ml
Temperature = 30°c
pH = 9
Table FI Data for zeta potential of paper fiber with varying C8 concentration and without calcium addition.

C8 Concentration (pM) 0.0 135.5 328.7 530.2 843.7 1071.9 2128.1 3127.1 4200.0 5156.3
(-) Zeta potential (mV) 1 31.0 26.0 26.7 22.0 22.3 20.5 21.3 20.7 20.6 21.9

2 28.9 27.8 28.0 21.1 19.4 21.6 20.4 20.1 19.1 19.6
3 33.2 28.1 27.1 24.5 19.7 19.8 20.3 19.6 20.3 20.1
4 30.1 26.4 24.6 19.4 20.2 19.4 20.5 20.9 20.7 19.8
5 29.1 26.0 26.7 21.3 19.0 17.7 19.1 21.9 20.5 20.8
6 29.5 29.1 28.1 21.4 20.4 19.2 18.1 22.1 19.2 21.5
7 30.8 27.8 27.2 24.0 19.3 17.7 20.6 20.7 18.6 21.4
8 30.2 27.2 27.9 20.9 20.8 18.8 19.5 18.7 19.7 19.3
9 31.2 28.9 24.8 20.8 18.7 19.0 17.8 19.8 19.0 20.9
10 28.9 27.4 27.6 22.8 18.9 21.4 17.5 20.1 19.4 19.9
11 30.4 27.2 25.5 20.7 20.2 17.1 17.2 21.9 20.8 20.9
12 31.1 27.7 24.7 21.6 19.0 17.7 18.5 19.1 20.9 19.1

Average zeta potential (mV) 30.4 27.5 25.0 21.7 19.8 19.2 19.2 20.5 19.9 20.4
Standard deviation 1.18 0.96 1.35 1.38 0.98 1 42 1 33 1.06 0.78 0.88



T able F2 Data for zeta potential o f  paper fiber with varying C8 concentration and the initial calcium concentration
500 pM.

C8 Concentration (pM) 0.00 100.03 209.90 410.31 623.75 844.90 1044.79
(-) Zeta potential (mV) 1 21.2 15.8 13.3 10.8 10.7 11.2 11.7

2 17.1 17.2 12.0 10.5 10.0 8.2 10.4
3 18.0 15.4 13.3 10.3 10.8 11.6 12.5
4 18.4 16.4 12.5 10.9 10.0 11.7 8.3
5 19.3 14.7 9.7 10.6 10.6 10.5 11.0
6 17.7 17.7 9.7 10.4 12.1 9.6 8.7
7 18.5 15.6 12.0 9.9 10.0 8.9 7.7
8 18.6 14.7 11.2 9.4 10.8 8.4 8.8
9 20.6 15.8 10.2 10.8 9.4 11.5 8.8
10 20.0 16.9 9.6 13.9 10.9 10.6 8.9
11 18.8 14.7 9.5 11.3 10.3 9.9 9.4
12 19.2 15.6 10.0 11.7 12.1 9.4 9.4

Average zeta potential (mV) 19.0 15.9 11.1 10.9 10.6 10.1 9.6
Standard deviation 1.14 0.95 1.42 1.08 0.78 1.20 1.40



T able F3 Data for zeta potential o f  paper fiber with varying C8 concentration and the initial calcium concentration
1000 pM.

C8 Concentration (pM) 0.00 90.99 206.15 405.31 642.50 827.40 1054.17
(-) Zeta potential (mV) 1 15.7 14.4 12.2 11.7 10.0 10.2 11.6

2 15.6 14.0 11.5 12.6 10.5 11.0 9.6
3 16.2 12.6 11.3 11.9 9.4 9.6 10.2
4 15.6 12.9 10.0 10.8 9.0 9.3 11.1
5 14.7 13.5 12.6 12.1 10.8 8.4 12.0
6 14.3 15.0 11.5 12.0 10.6 8.7 11.5
7 16.6 14.7 13.0 10.6 9.8 10.1 10.3
8 15.0 13.9 13.9 10.8 10.1 8.6 9.5
9 17.2 15.8 12.5 10.6 11.7 10.2 9.4
10 16.8 12.9 12.0 11.2 11.2 9.4 8.8
11 16.2 14.4 11.4 10.1 8.7 11.4 8.4
12 14.7 13.8 12.6 10.0 10.4 9.4 9.8

Average zeta potential (mV) 15.7 14.0 12.0 11.2 10.2 9.7 10.2
Standard deviation 0.88 0.90 0.96 0.81 0.86 0.89 1.11



T able  F4 Data for zeta potential o f  paper fiber with varying calcium concentration and the initial C8 concentration
0 pM.

Calcium concentration (pM) 0.00 100.00 200.00 400.00 600.00 800.00 1000.00
(-) Zeta potential (mV) 1 31.0 26.2 20.4 15.4 15.5 16.0 15.7

2 28.9 23.2 19.0 16.2 14.4 15.6 15.6
3 33.2 25.5 19.9 17.7 14.2 14.4 16.2
4 30.1 23.9 17.7 18.3 16.1 15 2 15.6
5 29.1 24.1 19.3 18.5 18.1 13.0 14.7
6 29.5 24.6 19.4 17.7 16.7 12.9 14.3
7 30.8 25.0 18.1 17.4 14.5 15.1 16.6
8 30.2 26.5 20.5 16.9 14.3 15.7 15.0
9 31.2 26.3 21.1 17.8 14.4 16.9 17.2
10 28.9 24.4 19.4 15.6 14.5 15.0 16.8
11 30.4 24.6 20.0 15.4 15.3 15.1 16.2
12 31.1 23.9 19.5 16.7 16.3 16.3 14.7

Average zeta potential (mV) 30.4 24.9 19.5 17.0 15.4 15.1 15.7
Standard deviation 1.18 1.02 0.93 1.06 1.17 1.15 0.88



T able F5 Data for zeta potential o f paper fiber with varying calcium concentration and the initial C8 concentration
500 pM.

Calcium concentration (pM) 0 100 200 400 600 800 1000
(-) Zeta potential (mV) 1 23.7 17.0 18.1 14.5 8.9 9.2 9.5

2 24.0 17.2 16.4 12.5 8.8 10.7 10.0
3 20.8 16.3 16.5 13.2 9.7 8.4 9.3
4 23.0 18.5 17.4 12.0 10.2 8.9 9.6
5 22.9 16.7 17.9 13.2 8.8 10.5 9.5
6 23.1 15.0 15.0 13.1 9.9 9.8 7.7
7 21.0 17.4 16.6 11.5 8.2 8.9 8.4
8 22.5 18.5 15.7 11.3 10.0 9.6 7.5
9 22.2 17.2 13.9 14.5 8.8 8.5 9.1
10 23.1 17.4 13.5 12.3 9.5 10.5 8.0
11 21.2 16.7 14.9 13.1 10.4 11.0 11.2
12 20.4 18.3 16.0 12.4 10.1 10.2 9.3

Average zeta potential (mV) 22.3 17.2 16.0 12.8 9.4 9.7 9.1
Standard deviation 1.15 0.95 1.41 0.97 0.67 0.86 1.00

1̂to



T able F6 Data for zeta potential o f  paper fiber with varying calcium concentration and the initial C8 concentration
1000 pM.
Calcium concentration (pM) 0 100 200 400 600 800

(-) Zeta potential (mV) 1 20.2 14.2 11.6 8.5 9.4 8.0
2 18.5 13.0 12.4 9.1 8.8 9.8
3 19.3 14.3 9.9 10.7 10.2 8.3
4 19.0 15.8 11.5 9.4 11.2 7.8
5 20.1 14.5 10.7 9.8 9.6 10.8
6 21.1 16.0 10.0 11.7 8.9 8.8
7 20.6 13.1 11.7 9.8 8.9 7.6
8 20.2 14.2 10.0 10.2 9.8 8.2
9 21.2 13.8 9.6 11.6 10.0 9.7
10 18.9 14.5 10.2 11.7 11.3 9.7
11 21.5 14.8 10.6 11.5 11.5 9.6
12 17.9 13.2 11.2 12.8 10.2 8.9

Average zeta potential (mV) 19.9 14.3 10.8 10.6 10.0 8.9
Standard deviation 1.10 0.92 0.84 1.24 0.92 0.95
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