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E ffect o f  C ontact T im e on  R em o va l E ffic ie n c y

Appendix A



Table A-l Removal of Pb at difference contact time by bagasse (Bagasse dose 10 g/L, Volume of sample 50 mL, Shaking speed 125 rpm, and
room temperature)

C ontact
tim e

(m in)

Initial properties o f  
solution Final properties o f  so lu tion

% A dsorption % P recipitation % R em oval
C on c.(m g/L ) N o  m aterial A dd m aterialpH C o n c .(m g /L ) ±  SD pH C o n c.(m g /L ) ±  SD pH

0 10 .02 0 4 .1 2 1 0 .0 2 0  ± 0 .0 0 3 4 .1 2 1 0 .0 2 0  ±  0 .0 0 2 4 .1 2 0 .0 0 0 .0 0 0 .0 0
3 10 02 0 4  12 9 .9 8 7  ± 0 .0 5 4 4  12 5 .2 0 4  ± 0 .0 5 6 3 97 4 8 .0 6 0 .33 4 8 .3 9
6 10 .02 0 4  12 9 .9 9 9  ± 0 .0 6 4 4  12 5 .4 9 5  ± 0 .0 7 0 3 96 4 5 .1 6 0 22 4 5 .3 8
9 10 .02 0 4 12 9 .9 9 7  ± 0  055 4 .1 2 5 071 ± 0 .0 6 7 3 .9 6 4 9 .3 8 0 .23 4 9  62
12 10 .02 0 4 .1 2 9 .9 9 5  ± 0 .0 1 5 4 .1 2 5 .0 0 8  ± 0 .0 4 8 3 .9 7 5 0 .0 2 0 25 5 0 .2 7
15 10 .02 0 4 .1 2 9 993  ± 0  0 5 4 4 .1 2 3 3 2 6  ± 0 .0 5 8 3 .95 66  81 0 .2 7 6 7 .0 8
30 10 .02 0 4 .1 2 9 9 9 7  ± 0  03 2 4 .1 2 3 .5 1 0  ± 0 .0 5 3 3 .9 4 64  97 0 .23 65 20
45 10 .020 4 .1 2 9 .9 9 4  ± 0 .0 1 1 4 .1 2 3 .0 7 7  ± 0 .4 7 7 3 .95 6 9 .2 9 0 .2 6 6 9 .5 5
60 10 02 0 4  12 9 .9 9 7  ± 0  04 8 4 .1 2 3 3 8 9  ± 0  033 3 .95 66  18 0 .23 66  41
90 10 .020 4  12 9 .9 9 6  ± 0  025 4 .1 2 3 .3 4 9  ± 0 .0 1 7 3 .9 4 6 6 .5 8 0 24 6 6 .8 2
120 10 .02 0 4 .1 2 9 .9 9 3  ± 0  0 3 6 4 12 3 .4 6 5  ± 0 .0 2 8 3 89 65 43 0 27 6 5 .6 9
150 10 .02 0 4 .1 2 9 .9 9 6  ± 0  0 4 2 4 .1 2 3 .4 6 2  ± 0 .0 4 4 3 89 65 4 6 0 24 65 69
180 10 .02 0 4 .1 2 9 9 9 4  ± 0 .0 2 6 4 .1 2 3 .1 0 6  ± 0  3 2 6 3 .9 0 68  99 0 .2 6 69  26
2 4 0 10 .02 0 4 .1 2 9 9 9 7  ± 0 .0 4 1 4 .1 2 3 3 5 6  ±  0 0 9 9 3 .8 7 66  51 0 .23 66  74
3 0 0 10 .02 0 4 .1 2 9 9 9 7  ± 0 .0 2 3 4 .1 2 3 383 ±  0 0 6 7 3 88 66  24 0 .23 6 6 .4 7
3 6 0 10 .02 0 4 .1 2 9 99 8  ± 0 .0 1 7 4 .1 2 3 .5 8 6  ±  0 .0 4 8 3 .8 8 64  21 0 2 2 6 4 .4 3

to๐
to



Table A-2 Removal of Pb at difference contact time by bagasse fly ash (Bagasse Fly Ash dose 10 g/L, Volume of sample 50 mL, Shaking speed
125 rpm, and room temperature)

C ontact
tim e

(m in)

Initial properties o f  
so lu tion Final properties o f  so lu tion

% A d sorption % Precipitation % R em ova l
C one. (m g/L ) N o  m aterial A dd m aterialphi C o n e .(m g /L ) ±  S D pH C one. (m g /L ) ±  SD pH

0 10 .013 4 .0 0 10 .013  ± 0 .0 0 3 4 .0 0 10 .013  ± 0 .0 0 2 4 .0 0 0 .0 0 0 .0 0 0 .0 0
3 10 .013 4 00 9 .9 9 9  ± 0 .0 1 4 4  00 1.121 ± 0 .0 5 8 4 .1 5 8 8 .7 9 0 .1 4 8 8 .9 4
6 10 013 4 00 9 .9 8 7  ± 0 .0 1 4 4  00 0 .8 7 8  ± 0  119 4 .1 4 9 1 .2 3 0 .2 6 91 49
9 10 .013 4 .0 0 9 .9 8 5 ±  0 .0 1 5 4 .0 0 0 8 5 7  ±  0 073 4 .1 5 91 4 4 0 2 8 9 1 .7 2

12 10.013 4 .0 0 9 .9 7 4  ± 0 .0 1 5 4 .0 0 0 .6 8 7  ± 0 .1 5 2 4 .1 5 9 3 .1 3 0 .3 9 93 .53
15 10 013 4 00 9 .9 4 0  ±  0 .0 2 4 4 .0 0 0 .8 1 9  ± 0  045 4 .1 6 91 82 0 .73 9 2 .5 5
30 10 013 4 00 9 .971  ± 0 .0 1 2 4  00 0 .7 2 2  ± 0  153 4 19 9 2 .7 9 0 4 2 93 21
45 10 013 4 00 9 .9 8 3  ± 0 .0 1 1 4  00 0 .3 6 0  ± 0 .0 5 5 4  21 9 6 .4 0 0 .3 0 96  70
60 10 013 4  00 9 96 5  ± 0  02 8 4 .0 0 0 4 8 0  ± 0 .1 2 0 4 .2 2 95 .21 0 4 8 9 5 .6 9
90 10.013 4 .0 0 9 9 2 4  ± 0  015 4 .0 0 0 .4 7 6  ± 0  159 4 .2 2 9 5 .2 5 0 89 9 6 .1 4
120 10 .013 4 .0 0 9 6 3 6  ± 0  0 2 6 4 00 0 .7 3 4  ± 0 .0 2 0 4  23 9 2  66 3 77 9 6 .4 4
150 10 013 4  00 9 895  ± 0  0 1 2 4  00 0 .5 0 4  ± 0  138 4 .2 2 9 4  97 1 18 96  15
180 10 013 4 00 9 .911  ± 0 .0 1 6 4  00 0 .4 5 8  ± 0 .0 7 7 4 .2 4 95  4 2 1 02 9 6 .4 5
2 4 0 10.013 4 .0 0 9 901 ± 0 0 1 1 4 00 0 4 6 5  ± 0 .0 5 3 4 .2 5 9 5 .3 6 1.12 9 6 4 8
3 0 0 10.013 4 .0 0 9 8 8 6  ± 0  023 4 .0 0 0 4 2 4  ±  0 .033 4  24 95  78 1.27 97  04
3 6 0 10.013 4 .0 0 9 8 4 7  ± 0 .0 1 5 4 .0 0 0 5 6 8  ± 0 .0 9 5 4 27 94  34 1.66 9 5 .9 9

topLO



Table A-3 Removal of Cr at difference contact time by bagasse (Bagasse dose 20 g/L, Volume of sample 50 mL, Shaking speed 125 rpm, and
room temperature)

C ontact
Initial properties o f  

solution Final properties o f  so lu tion
% R em oval 

o fC r (V I)
% R em ova l 
o f  T otal Crtim e

(m in) C r(V I) 
C one. (m g/L )

N o  m aterial A dd m aterial
pH C r(V I)

C o n e .(m g /L ) ±  S D pH C r(V I)
C o n e .(m g /L ) ะ!ะ SD

T otal Cr
C o n c .(m g /L ) ±  S D pH

0 10.441 2 .0 0 10.441 ± 0.001 2 .0 0 10.441 ± 0 .0 0 2 10 .441 ±  0 .0 0 2 2 .0 0 0 .0 0 0 .0 0
3 10 441 2 00 10 4 3 9 ± 0 .0 0 2 2 .0 0 10 441 ± 0  00 4 10 .441 ±  0 003 2 .0 6 0 .0 0 0 .0 0
6 10 441 2 .0 0 10 .44 0 ± 0 001 2 00 9.261  ± 0 .0 4 5 1 0 .2 4 2  ± 0 .0 2 4 2 .05 11 .30 1.92
9 10 441 2 00 10 .43 9 ± 0.001 2 00 8 0 6 2  ± 0  01 4 9 .921  ± 0 .0 1 2 2 06 2 2 .7 9 4 .9 8
12 10 441 2 00 10 .43 9 ± 0 .0 0 2 2 .0 0 6 951 ± 0  120 9 4 9 2  ±  0 02 4 2 .1 0 33 .43 9 09
15 10 441 2 00 10 4 3 9 ± 0 001 2 .0 0 3 571 ± 0 .0 4 5 8 .8 6 5  ± 0 .0 4 2 2 07 65 80 15 .09
30 10.441 2 .0 0 1 0 4 3 9 ± 0.003 2 00 N D 8.751  ± 0  0 1 2 2 .05 100 .00 16 .19
45 10 441 2 .0 0 10 .44 0 ± 0 001 2 .0 0 N D 8 7 3 4  ±  0 033 2 .05 100 .00 16 .35
60 1 0 4 4 1 2 .0 0 10 4 4 0 ± 0.001 2 00 N D 8 7 8 4  ±  0 .0 4 7 2 04 100 .00 15 87
90 10.441 2 .0 0 10 .439 ± 0 0 0 2 2 .0 0 N D 8 7 3 9  ± 0 .0 2 6 2 06 10 0 .0 0 16 .30
120 1 0 4 4 1 2 .0 0 10 .44 0 ± 0 001 2 00 N D 8 .7 4 5  ± 0  045 2 .1 0 100 00 16 .24
150 1 0 4 4 1 2 00 10 .43 9 ± 0 001 2 .0 0 N D 8 .7 8 9  ±  0 01 4 2 .0 6 100 00 15 .82
180 1 0 4 4 1 2 00 10 .4 3 9 ± 0 .0 0 2 2 .0 0 N D 8 .7 2 0  ±  0 .0 3 6 2  02 100 .00 1 6 4 8
2 4 0 10.441 2 00 10 .43 9 ± 0.003 2 00 N D 8.673  ±  0 .0 8 5 2 03 100 .00 16.93
3 0 0 1 0 4 4 1 2 00 1 0 4 3 9 ± 0 001 2 .0 0 N D 8 .6 5 9  ± 0 .0 2 5 2 .0 2 100 .00 17 07
3 6 0 1 0 4 4 1 2 .0 0 10 .44 0 ± 0.001 2 00 N D 8 .6 5 7  ± 0  015 2 .05 100 00 17 .09

N D  referred  to  n o n  d e te c t io n  ( le s s  th a n  d e te c t io n  lim it  o f  e q u ip m e n t)
totp4̂



Table A-4 Removal of Cr at difference contact time by bagasse fly ash (Bagasse Fly Ash dose 20 g/L, Volume of sample 50 mL, Shaking speed
125 rpm, and room temperature)

C ontact
Initial properties o f  

so lu tion F inal properties o f  so lu tion
% R em ova l 

o fC r (V I)
% R em oval 
o f  T otal Crtim e

(m in) C r(V I) (m g/L
N o  m aterial A dd m aterial

) pH C r(V I)
C one. (m g /L ) ±  S D pH C r(V I)

C o n e .(m g /L ) ±  S D C one. (m g /L ) ±  S D pH
0 9 .0 2 9 2 .0 0 9 .0 2 9  ± 0 .0 0 1 2 .0 0 9 .2 0 9  ± 0 .0 0 2 9 .0 2 9 ± 0 .0 0 5 2 .0 0 0 .0 0 0 .0 0
3 9 .0 2 9 2 .0 0 9 .0 2 8  ±  0 0 0 2 2 00 9 2 0 9  ± 0  001 9 0 2 9 ± 0 003 2 .0 6 0 .0 0 0 .0 0
6 9 0 2 9 2 .0 0 9 0 2 9  ± 0  003 2 .0 0 6 .1 4 8  ± 0  0 1 2 6 .3 7 3 ± 0 01 2 2 .05 31 .91 2 9 .4 2
9 9 0 2 9 2 .0 0 9 .0 2 8  ± 0 .0 0 1 2 .0 0 5 .4 7 3  ± 0 .0 2 5 6 150 ± 0 .023 2 .03 3 9 .3 8 3 1 .8 9
12 9 .0 2 9 2 .0 0 9 .0 2 9  ± 0 .0 0 5 2 00 5 .2 5 9  ± 0  0 3 6 6 .2 2 0 ± 0 .033 2 10 4 1 .7 5 31 .11
15 9 .0 2 9 2 00 9 .0 2 9  ± 0  0 0 6 2  00 4  5 5 6  ± 0  0 6 9 5 .7 5 2 ± 0 .0 4 5 2 07 4 9 .5 4 3 6 2 9
3 0 9 .0 2 9 2  00 9 02 8  ±  0 0 0 4 2 00 2  818  ± 0 .0 5 8 4 4 3 5 ± 0 .0 5 6 2 04 6 8 .7 9 5 0 .8 8
45 9 0 2 9 2 00 9 .0 2 9  ±  0 .0 0 2 2  00 2 .8 3 7  ± 0  0 6 9 4  4 6 4 ± 0 .0 6 7 2 06 6 8 .5 8 5 0 .5 6
60 9 0 2 9 2 .0 0 9 .0 2 9  ±  0 003 2 .0 0 2 .7 7 6  ± 0  0 7 7 4 .3 6 4 ± 0 06 9 2 04 6 9 .2 6 5 1 .6 7
90 9 0 2 9 2 00 9 .0 2 9  ±  0 003 2 00 2 60 5  ±  0 .0 8 9 4 .2 0 3 ± 0 0 9 8 2 .0 6 7 1 1 5 53 45
120 9 0 2 9 2 .0 0 9 .0 2 8  ± 0 .0 0 1 2 .0 0 2 64 8  ± 0 .1 0 2 4 .2 0 8 0 .103 2 09 7 0 .6 7 53 40
150 9 .0 2 9 2 00 9 .0 2 9  ± 0 .0 0 5 2 00 2 5 2 7  ± 0 .0 5 6 4 .0 5 0 ± 0 .0 1 6 2 07 72  01 5 5 .1 4
180 9 .0 2 9 2 00 9 .0 2 8  ± 0 .0 0 3 2 00 2 .5 2 5  ± 0 .0 9 1 4  129 ± 0 .0 9 6 2 .0 2 72 .03 5 4 2 7
2 4 0 9 .0 2 9 2 .0 0 9 .0 2 8  ±  0 .0 0 4 2 00 2 .4 5 0  ± 0 .0 6 9 4  031 ± 0 0 6 4 2 .0 2 72  86 5 5 .3 6
3 0 0 9 .0 2 9 2 .0 0 9 0 2 9  ±  0 .0 0 2 2  00 2 4 3 0  ±  0 0 5 7 3 .9 5 2 ± 0 0 6 9 2 06 7 3 .0 9 56 .23
3 6 0 9 02 9 2 00 9 .0 2 9  ±  0 .0 0 2 2 00 2 .4 5 9  ± 0 .0 4 5 3 .9 6 2 ± 0 .0 6 6 2 05 7 2 .7 6 5 6 .1 2

K>oนก
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Table B-l Removal of Pb at different initial concentration and solution pH by bagasse (Bagasse dose 10 g/L, volume of sample 50 mL, shaking
speed 125 rpm, contact time 60 min and room temperature)

Initial properties o f  
so lu tion

Final properties o f  so lu tion
% A d sorption % Precip itation % R em ova l

C o n c.(m g/L ) pH N o  adsorbent A dd adsorbent
C o n c .(m g /L ) ±  SD pH C o n c.(m g /L ) ±  S D pH

4 .9 1 6 1.02 4 .9 1 2  ± 0 .0 2 5 1.02 4 .8 8 9  ±  0 .125 1.01 0 .55 0 .0 8 0 .63
4 .9 1 6 2 05 4  911 ± 0  0 3 4 2 05 4 .7 8 6  ± 0 .2 1 4 2  03 2 .65 O i l 2 .7 6
4 .9 1 6 3 .0 4 4 9 1 0  ± 0 .0 3 7 3 04 3 3 5 8  ± 0 1 1 6 2 .9 9 3 1 .6 9 0 .1 2 3 1 .8 2
4 91 6 4 06 4 .9 0 6  ± 0  0 4 7 4 .0 6 1 7 3 7  ± 0 .1 4 5 3 90 6 4 .6 6 0 .2 0 6 4 .8 6
4 916 5 05 4 8 9 4  ± 0  04 6 5 .05 1 .0 4 0  ± 0 .2 1 3 4 85 7 8 .8 4 0 .43 7 9 .2 7
4 .9 1 6 6.03 4 .8 9 4  ± 0  05 4 6 03 0 .2 3 7  ± 0 .1 7 8 5 40 9 5 .1 8 0 45 95 .63
10 .610 1.01 10 .6 0 2  ± 0 .0 7 8 1.01 1 0 .4 3 4  ± 0 .1 9 9 1.02 1.67 0 .0 8 1.74
1 0 6 1 0 2 03 10 6 0 2  ± 0 .0 0 4 2.03 1 0 .3 1 9  ± 0  2 4 6 2 .0 0 2 .7 4 0 .08 2 .8 2
10 .610 3 .1 6 1 0 .5 9 6  ± 0  075 3 16 7 .2 1 6  ± 0 .1 7 8 3 00 3 1 .9 8 0 .13 3 2 .1 2
10 .610 4 .0 4 10 .5 8 8  ± 0  01 9 4 04 5 2 9 9  ±  0 121 3 90 5 0 .0 6 0.21 5 0 .2 7
10 .610 5.03 10 5 6 2  ± 0 .0 4 7 5.03 2 481 ± 0  2 1 4 4 89 76  62 0 45 77  07
10 .610 5 .9 7 10 561 ± 0  06 9 5 .9 7 1 .8 5 6  ± 0  124 5 45 8 2 .5 2 0 .4 6 82  97
20  508 1 02 20  4 9 6  ±  0 09 9 1 02 2 0 .1 5 7  ± 0 .2 8 4 1 03 1.71 0 .0 6 1.77
20  508 2 .08 2 0  4 8 4  ± 0  140 2 .0 8 19 9 6 2  ะ± 0 .141 2 .03 2 .6 6 0 .1 2 2 .7 8
2 0  508 3 04 20 .4 8 1  ± 0  08 4 3 .0 4 17 .86 5  ± 0 .2 1 2 2 99 12 .89 0 .13 13.02
2 0 .5 0 8 4 .05 20  46 3  ± 0  03 6 4 05 13 .133  ± 0 .2 0 9 3 89 35 96 0 .2 2 3 6 .1 8
2 0 .5 0 8 5.03 2 0 .4 1 8  ± 0 .0 3 1 5 03 7 .3 9 5  ±  0 .1 1 4 4 .8 6 6 3 .9 4 0 .4 4 64  38
2 0 .5 0 8 6 .03 2 0 .4 0 8  ±  0 02 9 6.03 4 .5 7 3  ± 0 .2 1 4 5.41 77 .71 0 .4 9 7 8 .1 9

toQ



Table B-l (cont)

Initial properties o f  
so lu tion

Final properties o f  so lu tion
% A dsorption % P recipitation % R em oval

C o n c.(m g /L ) pH N o  adsorbent A dd adsorbent
C o n c .(m g /L ) ±  SD pH C o n c.(m g /L ) ±  SD pH

3 0 .1 2 5 1.02 3 0 .1 1 1  ± 0 .0 4 8 1.02 2 9 .5 8 0  ± 0 .1 0 2 1.01 1.82 0 .05 1.86
3 0 .1 2 5 2 02 3 0 .0 8 1  ± 0 .0 5 6 2 .0 2 2 9 .2 6 9  ± 0 .1 1 4 1 95 2 .8 5 0 .15 2 .9 9
3 0 .1 2 5 3 00 3 0 .0 6 9  ± 0 .0 7 8 3 .0 0 2 7 .1 7 9  ± 0 .1 4 7 3 .0 2 9 .78 0 .1 9 9 97
3 0 .1 2 5 4.01 30 .06 1  ± 0 .0 5 2 4.01 2 1 .0 7 5  ± 0 .1 5 8 3 .9 9 3 0 .0 4 0.21 3 0 .2 5
3 0  125 5 .06 2 9 .8 9 8  ± 0 .0 6 6 5 .0 6 1 3 .4 8 4  ± 0 .1 2 6 5 .0 4 5 5 .2 4 0 .45 5 5 .6 9
30  125 6 .0 4 29 .9 7 1  ± 0  07 4 6 .0 4 8 .3 9 6  ± 0 .1 7 7 6 01 7 2 .1 3 0.51 72  64
4 1 .1 3 0 1 05 4 1 .0 5 2  ± 0 .0 4 4 1.05 4 0 .0 7 7  ± 0 .2 1 2 0 .9 9 2 .5 6 0 .1 9 2 .75
4 1 .1 3 0 2 03 41 0 4 4  ± 0  085 2 .03 3 9 .9 2 9  ± 0 .2 1 1 2 .0 0 2  92 0.21 3 13
4 1 .1 3 0 3 04 41 03 5  ± 0  01 4 3 .0 4 3 7 .9 4 7  ± 0 .1 9 6 2  99 7 74 0 .23 7 .9 7
4 1 .1 3 0 4 05 41 0 2 7  ± 0  00 7 4 .0 5 2 9 .3 3 4  ± 0 .2 1 4 3 .8 9 2 8 .6 8 0 .25 2 8 .9 3
4 1 .1 3 0 5 01 4 0 .9 4 1  ± 0  003 5 01 2 0 .4 2 9  ±  0.3 07 4 .8 9 50 .33 0 .4 6 5 0 .7 9
4 1 .1 3 0 6 03 4 0 .9 1 6  ± 0 .1 0 2 6 03 1 3 .2 5 6  ± 0 .1 0 8 5.81 6 7 .7 7 0 .5 2 6 8 .2 9
8 0 6 2 0 1.02 8 0 .4 1 8  ± 0  00 9 1 02 7 8 .8 4 6  ± 0 .1 9 7 0 .9 8 2 .1 9 0 .25 2 .45
8 0 .6 2 0 2 .0 2 80  4 1 0  ± 0  04 7 2 .0 2 7 7 .9 1 9  ± 0 .1 2 4 2 00 3 .35 0 26 3.61
8 0 .6 2 0 3.01 8 0 .4 1 0  ± 0 .0 3 4 3 .01 7 2 .1 7 1  ± 0 .1 3 4 3 .0 0 10 .48 0 .2 6 10 .74
8 0 .6 2 0 4 .03 80  3 7 0  ± 0  078 4 .0 3 6 6 .0 5 2  ± 0 .2 1 4 3 .9 0 18 .07 0.31 18 .38
8 0 .6 2 0 5 .03 8 0 .2 0 9  ±  0 06 4 5 .03 4 9 .5 0 1  ± 0 2 1 1 4 .9 6 3 8 .6 0 0.51 39 .11
80  6 2 0 6 02 80  120 ± 0  06 6 6 .0 2 2 7 .6 6 9  ± 0 .2 0 1 5 .5 9 65 68 0 62 66  30

N>๐00



Table B-2 Removal of Pb at difference initial concentration and solution pH by bagasse fly ash (Bagasse fly ash dose 10 g/L, volume of sample
50 mL, shaking speed 125 rpm, contact time 60 min and room temperature)

Initial properties o f  
so lu tion

Final properties o f  so lu tion
% A d sorption % P recipitation % R em oval

C on c.(m g/L ) pH N o  adsorbent A dd adsorbent
C o n c.(m g /L ) ±  S D pH C o n c.(m g /L ) ±  S D pH

5 .4 4 8 1.02 5 .4 4 5  ±  0 .0 3 6 1 .02 0 .4 2 4  ± 0 .1 0 3 1.06 9 2 .2 2 0 .0 6 9 2 .2 7
5 4 4 8 2 .0 2 5 441 ± 0  075 2 .0 2 0 2 8 2 ± 0  115 2 .0 9 9 4 .8 2 0 13 94 .95
5 .4 4 8 3 .01 5 .4 3 8  ± 0  06 9 3 .01 N D 3 .1 7 N D 0 18 N D
5 .4 4 8 4 .0 2 5 433  ± 0 .0 5 5 4 .0 2 N D 4 .1 4 N D 0.28 N D
5 .4 4 8 5.01 5 .4 0 8  ± 0 .0 4 7 5 01 N D 5 13 N D 0 73 N D
5 .4 4 8 6 .0 0 5 3 8 7  ± 0 .0 5 9 6 00 N D 6.18 N D 1.12 N D

11 .98 0 1.05 11 .975 ± 0 .0 8 7 1.05 1 .799  ± 0 .2 1 0 1 07 8 4 .9 8 0 .0 4 8 5 .0 2
11 9 8 0 2 .0 0 11 .960  ± 0 .0 8 9 2 00 1 49 5  ± 0 .1 0 9 2 .1 6 87  53 0 17 87  69
11 .98 0 3 .0 0 11 .952  ± 0  05 6 3 00 0 .8 0 9  ± 0 .1 6 5 3 .15 93 25 0 2 3 93 48
11 .9 8 0 4 03 11 96 8  ± 0 .0 6 4 4 .03 0 .2 6 7  ± 0  114 4  12 9 7  77 0 .1 0 97  87
11 .98 0 5 .0 2 11 .90 9  ± 0 .0 4 7 5 .0 2 N D 5 .1 7 N D 0 .5 9 N D
11 .98 0 6 .0 2 11 .866  ± 0 .0 9 9 6 .0 2 N D 6 .1 0 N D 0.95 N D
2 0 .0 3 0 1 02 20  0 0 0  ± 0  05 4 1 .02 5 .1 5 4  ±  0 .1 1 4 1.11 7 4 .2 7 0 .15 7 4 .4 2
2 0 .0 3 0 2 01 19 .99 7  ± 0 .0 1 2 2 01 4 791 ±  0 20 4 2 .1 2 76  09 0 .1 7 76 .25
20  0 3 0 3 .0 0 2 0 .0 0 3  ± 0 .0 5 4 3 00 1 .442  ± 0 .2 1 5 3 .18 92  81 0 .1 4 92  94
2 0  0 3 0 4 .01 19 .9 8 9  ± 0 .0 5 5 4  01 0 7 0 9  ± 0 .1 1 8 4 .1 6 96  4 6 0 21 9 6 .6 7
20  03 0 5 03 19 .8 6 0  ± 0  06 9 5 .03 0 .4 4 3  ± 0  168 5 17 9 7 .7 9 0 .85 9 8 .6 4
2 0 .0 3 0 6.01 19 .81 0  ±  0 .0 8 7 6 01 0 .3 1 0  ±  0 .1 4 7 6 13 9 8 .4 4 1.09 99  54

K?QVO



Table B-2 (cont)

Initial properties o f  
so lu tion

Final properties o f  so lu tion
% A dsorption % P recipitation % R em oval

C o n c.(m g /L ) pH N o  adsorbent A dd adsorbent
C o n c.(m g /L ) ±  S D pH C o n c.(m g /L ) ±  SD pH

3 0 .0 5 5 1.02 3 0 .0 1 6  ± 0 .0 3 5 1.02 1 0 .4 9 2  ± 0 .1 2 7 1 .07 6 5 .0 9 0.13 6 5 .2 2
3 0 .0 5 5 2 .0 2 30 .00 1  ±  0 .0 2 4 2 .0 2 9 .1 3 4  ±  0 .1 3 6 2 .0 7 69 .61 0 .18 6 9 .7 9
3 0 .0 5 5 3.01 2 9 .9 9 8  ±  0 0 2 4 3.01 2 .7 6 2  ± 0 .2 0 1 3 15 90 .81 0 19 91 00
30  055 4 .0 0 2 9 .9 8 0  ±  0 .0 4 5 4 .0 0 1 .274  ± 0 .2 0 5 4  16 9 5 .7 7 0 .25 96 .01
3 0  055 5 05 2 9 .8 0 7  ±  0 .055 5 .05 0 .8 1 7  ± 0 .2 2 4 5 14 9 7  29 0 .83 98 .11
3 0  055 6 04 2 9 .6 9 7  ±  0 06 8 6 .0 4 0 .5 8 6  ± 0 .1 0 9 6 .1 2 9 8 .0 5 1 1 9 9 9 .2 4
4 3 .1 3 0 1 01 4 3 .0 7 5  ±  0 0 4 7 1.01 1 9 .7 0 2  ± 0 .1 1 7 1 12 54  32 0 13 54 .45
4 3 .1 3 0 2 .0 2 4 3 .0 2 2  ± 0 .0 6 8 2 .0 2 17 .2 5 2  ± 0 .2 1 3 2 .0 8 60 .01 0 .25 6 0 .2 5
4 3 .1 3 0 3 .0 2 43 0 7 0  ±  0 .0 5 7 3 .0 2 4 .4 2 5  ±  0 .223 3.11 8 9 .7 4 0 .1 4 89  88
4 3 .1 3 0 4 .0 3 4 3 .0 3 5  ± 0 .0 4 7 4 03 1 .988  ± 0 .3 0 1 4 .0 9 95 39 0 .22 95 .61
4 3 .1 3 0 5 .0 0 42  785 ± 0  085 5 .0 0 1 .389  ± 0 .2 0 9 5 15 96  78 0 80 97  58
4 3 .1 3 0 6 01 42  535  ± 0  06 8 6.01 1.061 ± 0 .1 1 8 6 18 9 7 .5 5 1 38 9 8 .9 2
80  6 2 0 1.00 80 5 4 7  ± 0  0 4 7 1.00 6 2 .3 8 4  ± 0 .1 0 6 1.21 2 2  62 0 .0 9 22 .71
8 0 .6 2 0 2 .0 2 80 .4 8 3  ± 0  08 8 2 02 58 1 2 7 ± 0  147 2 .1 4 2 7 .8 9 0 17 2 8 .0 7
80  6 2 0 3 01 80 3 9 4  ± 0 .0 9 7 3 .01 13 5 4 4 ±  0 .1 4 5 3 14 8 3 .1 9 0 .28 8 3 .4 8
80  6 2 0 4  00 80  4 2 7  ± 0 .0 5 4 4 .0 0 8 .8 0 4  ±  0 .1 1 2 4  12 8 9 .0 8 0 24 89  32
8 0 .6 2 0 5 .0 4 7 9 .9 8 3  ± 0 .0 9 8 5 .0 4 3 .9 1 8  ± 0 .2 0 4 5 .1 7 9 5 .1 4 0 .7 9 95 93
8 0 .6 2 0 6 .03 7 9 .5 8 8  ± 0 .0 6 6 6 03 1 .4 6 7  ± 0  2 2 6 6.11 9 8 .1 8 1 28 9 9 .4 6

N D  referred to  non detection  (le ss  than d etection  lim it o f  eq u ip m en t)

to
o



Table B-3 Removal of Cr at different initial concentration and solution pH by bagasse (Bagasse dose 20 g/L, volume of sample 50 mL, shaking
speed 125 rpm, contact time 60 min and room temperature)

Initial properties o f  
so lu tion Final properties o f  so lu tion

% R em oval o f  Cr 
(V I)

% R em ova l o f  
T otal CrC r(V I) (m g/L )

N o  m aterial A dd m aterial
pH C r(V I)

C o n e .(m g /L ) ±  SD pH C r(V I)
C o n e .(m g /L ) ±  SD

T otal Cr
C one. (m g /L ) ±  SD pH

5 .0 5 2 1.02 5 .0 5 2  ±  0 .0 0 2 1.02 N D 3 .9 9 8  ± 0 .0 1 5 1.05 100 .00 2 0 .8 7
5 0 5 2 2 .0 2 5 0 5 2  ± 0  003 2 02 N D 4 .0 5 3  ± 0 .0 4 8 2  05 100 .00 19 77
5 .0 5 2 3.01 5 .0 5 2  ± 0 .0 0 1 3 01 N D 4 .1 6 1  ± 0 .0 7 9 3 .0 9 100 .00 1 7 6 3
5 .0 5 2 4 00 5 0 5 2  ± 0 .0 0 3 4 00 N D 4 .1 9 4  ± 0  088 4 .0 8 100 .00 16 .99
5 .0 5 2 5 05 5 .0 5 2  ±  0 00 4 5.05 N D 4 .2 7 0  ± 0 .0 9 4 5 .0 2 100 .00 15.47
5 .0 5 2 6 04 5 0 5 2  ± 0  003 6 04 N D 4 .3 8 3  ± 0 .0 3 9 6 09 100 .00 13 .24
10 .113 1.01 10 .113 ±  0 .0 0 2 1.01 N D 8 .1 3 8  db 0 015 1 .09 100 .00 19.53
10 .113 2 .0 2 10 .113  ± 0 .0 0 4 2 .0 2 N D 8 .3 6 0  ± 0  102 2 .0 7 100 .00 17.33
10 113 3 02 10 113 ± 0  0 0 6 3 02 N D 8 56 2  ± 0  0 1 9 3 08 100 00 15 .34
10 113 4 .03 10 113 ± 0  0 0 4 4 .03 N D 8 59 4  ± 0 .1 0 6 4 .0 9 100 .00 15 .02
10 .113 5 00 10 113 ± 0 .0 0 5 5 00 N D 8 685  ± 0  04 8 5 15 100 00 14 .12
10 113 6.01 10 .113  ± 0 .0 0 5 6.01 N D 8 .7 9 2  ± 0 .0 9 7 6 .0 9 100 00 13 .06
2 0  30 6 1.00 2 0 .3 0 6  ± 0 .0 0 7 1 .00 N D 1 6 .4 4 0  ± 0 .1 0 3 1.09 100 00 19 04
2 0 .3 0 6 2 02 2 0 .3 0 6  ± 0  00 6 2 .0 2 N D 16 6 4 9  ± 0  201 2 .0 8 100 .00 18.01
2 0 .3 0 6 3.01 2 0 .3 0 6  ±  0 00 9 3.01 N D 17.311 ± 0  106 3.11 100 .00 14 75
2 0 .3 0 6 4 .0 0 2 0 .3 0 6  ±  0 .005 4 .0 0 N D 1 7 .7 6 6  ± 0 .1 0 3 4  12 100 .00 12.51
2 0  30 6 5 .04 2 0 .3 0 6  ± 0 .0 0 6 5 .04 N D 17 8 0 2  ± 0 .0 9 7 5 .15 100 00 12.33
2 0  30 6 6.03 2 0 .3 0 6  ±  0 00 7 6 03 N D 18 0 9 9  ± 0 .0 6 6 6 16 100 .00 10 .87

to



Table B-3 (cont)

Initial properties o f  
solution Final properties o f  so lu tion 0■ o R em oval o f  Cr 

(V I)
% R em oval o f  

T otal CrC r(V I) (mg/L;
N o  m aterial A dd m aterial /

) pH C r(V I)
C o n e .(m g /L ) ±  S D pH C r(V I)

C onc.(m ,g/L ) ±  SD
T otal Cr

C o n e.(m g /L ) ±  SD pH
3 0 .2 4 3 1.02 3 0 .2 4 3  ±  0 .0 0 8 1.02 N D 2 4 .5 6 6 ± 0 .1 0 2 1.11 100 .00 18 .77
30  243 2 .0 2 3 0 .2 4 3  ± 0 .0 1 2 2.01 N D 2 4 .9 9 6 ± 0 .115 2.11 10 0 .0 0 17.35
30  243 3.01 3 0 .2 4 3  ± 0 .0 0 9 3 .03 N D 2 5 .7 2 2 ± 0 .1 1 6 3 09 100 .00 14.95
30 .2 4 3 4 00 3 0 .2 4 3  ±  0 015 4 .0 5 N D 2 6 .8 1 0 ± 0.201 4  08 100 .00 11.35
30 .2 4 3 5 .05 3 0 .2 4 3  ± 0 .0 4 8 5 06 N D 2 7 .1 4 0 ± 0 .1 1 8 5 .0 9 100 .00 10.26
3 0 .2 4 3 6 .0 4 3 0 .2 4 3  ±  0 .0 0 8 6 04 N D 2 7 .3 6 7 ± 0 145 6 07 100 .00 9.51
4 0 .2 0 4 1.01 4 0 .2 0 4  ±  0 .0 4 8 1 02 N D 32  545 ± 0 124 1 09 100 00 19.05
4 0 .2 0 4 2 .0 2 4 0 .2 0 4  ±  0 .045 2 .0 2 N D 33 550 ± 0 .1 3 5 2 12 100 00 16.55
4 0  2 0 4 3 02 4 0 .2 0 4  ± 0 .0 5 7 3 .08 N D 34 .1 6 1 ± 0 .113 3.11 10 0 .0 0 15 03
4 0 .2 0 4 4 .03 4 0 .2 0 4  ±  0 .0 5 9 4 .0 9 N D 36  035 ± 0 114 4 .1 2 100 00 10 37
4 0 .2 0 4 5 .0 0 40  2 0 4  ± 0 .0 5 8 5 01 2 .4 3 6  ± 0 .0 1 5 35 958 ± 0 147 5 .0 9 9 3 .9 4 10 56
4 0  2 0 4 6 01 4 0 .2 0 4  ± 0 .0 6 9 6 .0 2 3 9 7 6  ± 0  0 6 9 3 6 .8 8 3 ± 0 156 6 .0 8 9 0  11 8 .26
8 0 2 5 2 1 00 8 0 .2 5 2  ± 0 .0 4 3 1.01 N D 6 6 .0 2 3 ± 0 2 4 5 1.03 10 0 .0 0 17.73
8 0 .2 5 2 2 02 8 0 .2 5 2  ± 0 .1 2 3 2 .03 N D 68 76 0 ± 0 .1 3 6 2 01 100 00 14 32
8 0 .2 5 2 3 .01 8 0 .2 5 2  ± 0  09 6 3 .0 4 5 .1 0 4  ±  0 .1 0 2 68 993 ± 0 .1 4 7 3 05 9 3 .6 4 14.03
8 0 .2 5 2 4 00 8 0 .2 5 2  ± 0 .0 6 4 4 05 7 .1 7 4  ±  0 .0 3 9 7 2 .5 8 0 ± 0 153 4 .0 7 9 1 .0 6 9 .5 6
8 0 2 5 2 5 .0 4 8 0 .2 5 2  ± 0 .1 7 5 5 .0 0 10 .9 5 4  ± 0 .1 0 6 7 3 .7 4 4 ± 0 149 5 .1 2 86 .35 8.11
8 0 .2 5 2 6 .03 80  2 5 2  ± 0 .2 8 6 6 .0 4 15 .85 7  ±  0 .1 1 9 7 4 .4 2 6 ± 0 2 0 3 6 09 8 0 2 4 7 .26

N D  referred to non detection  (le ss  than d etectio n  lim it o f  equ ipm ent)
to
to



Table B-4 Removal of Cr at difference initial concentration and solution pH by bagasse fly ash (Bagasse fly ash dose 20 g/L, volume of sample
50 mL, shaking speed 125 rpm, contact time 60 min and room temperature)

Initial properties o f  
so lu tion Final properties o f  so lu tion

- % R em ova l o f  Cr 
(V I)

% R em oval o f  
T otal CrC r(V I) (m g/L )

N o  m aterial A dd m aterial
pH C r(V I)

C o n e .(m g /L ) ±  SD pH C r(V I)
C o n e .(m g /L ) ±  SD

T otal Cr
C o n e .(m g /L ) ±  S D pH

5 .0 5 2 1.02 5 .0 5 2  ± 0 .0 0 2 1.02 0 .371  ± 0 .0 1 2 1.033 ±  0 .0 6 6 1.05 9 2 .6 7 7 9 .5 5
5 0 5 2 2 .0 2 5 .0 5 2  ± 0 .0 0 3 2 .0 2 0 9 5 4  ± 0 .0 2 3 1 .477  ± 0 .0 8 7 2 .0 5 8 1 .1 2 70  77
5 0 5 2 3.01 5 .0 5 2  ± 0 .0 0 1 3.01 2 9 1 8  ± 0 .0 3 6 3 3 0 6  ± 0  0 3 9 3 09 42 .23 3 4 .5 7
5 .0 5 2 4 .0 0 5 .0 5 2  ± 0  003 4 .0 0 3 .5 3 0  ± 0 .0 3 9 4 .6 1 4  ± 0 .0 5 5 4 .0 8 3 0 .1 2 8 .66
5 0 5 2 5 05 5 .0 5 2  ± 0 .0 0 4 5 .05 3 .9 9 2  ± 0 .0 4 4 4 .9 4 8  ± 0 .1 0 3 5 02 2 0 .9 8 2 05
5 .0 5 2 6 .0 4 5 .0 5 2  ± 0  003 6 .0 4 4 .4 3 9  ± 0 .0 8 5 4 .9 9 0  ± 0 .0 9 5 6 09 12 .14 1.23
10.113 1.01 10 .113  ±  0 .0 0 2 1.01 0 .9 3 8  ± 0 .0 5 7 2 .861  ± 0  045 1 .09 9 0 .7 2 71 .71
10.113 2  02 10 .113 ± 0 .0 0 4 2 02 2 505  ± 0 .0 6 9 3 .841  ± 0  06 6 2 .0 7 75 23 6 2 .0 2
10 .113 3 02 10 113 ± 0  0 0 6 3 02 6 2 2 4  ± 0  0 6 7 6 9 6 2  ±  0 0 4 4 3 .0 8 38  46 3 1 .1 6
10 .113 4 .03 10 113 ± 0  0 0 4 4 .03 7 .6 5 6  ± 0 .0 4 5 9 .7 3 3  ± 0  0 9 9 4  09 2 4 .2 9 3 .7 6
10 .113 5 00 10 113 ± 0  005 5 00 8 5 9 9  ± 0  0 3 6 10 .003  ± 0 .1 2 1 5 .15 14 97 1.09
10 113 6 01 10 .113  ± 0 .0 0 5 6 01 9 .2 3 7  ±  0 0 1 4 10 05 8  ± 0  06 6 6 .0 9 8 .6 6 0 .5 4
20  3 0 6 1 00 20  3 0 6  ± 0 .0 0 7 1 00 2 3 0 7  ± 0  061 8 .8 2 7  ± 0 .0 8 7 1 .09 8 8 .6 4 56 .53
2 0 .3 0 6 2 02 2 0 .3 0 6  ± 0 .0 0 6 2 .0 2 5 .4 3 9  ± 0  0 4 0 10 .313  ± 0 .0 6 9 2 .0 8 73 22 49 .21
2 0 .3 0 6 3 01 2 0 .3 0 6  ± 0 .0 0 9 3 01 13 .54 8  ± 0 .0 3 1 14 00 5  ±  0 08 8 3 .11 3 3 .2 8 31 .03
2 0 .3 0 6 4 ,0 0 2 0 .3 0 6  ± 0 .0 0 5 4 00 1 6 .2 1 2  ± 0  0 9 7 19 .035  ±  0 0 3 4 4  12 2 0 .1 6 6 .2 6
2 0 3 0 6 5 .04 20  3 0 6  ± 0  00 6 5 .0 4 17 .731 ± 0  9 0 7 2 0 .0 3 6  ± 0  0 1 2 5 .15 12 .68 1 33
2 0 .3 0 6 6 .03 2 0 .3 0 6  ±  0 00 7 6.03 18 .81 8  ± 0 .0 4 8 2 0 .2 2 7  ± 0  0 6 7 6 .1 6 7 .33 0 .3 9

Lk>



Table B-4 (cont)

Initial properties o f  
so lu tion Final properties o f  so lu tion

% R em oval o f  Cr 
(V I)

% R em oval o f  
T otal CrC r(V I) (m g/L )

N o  m aterial A dd m aterial
pH C r(V I)

C o n e .(m g /L ) ะ!ะ SD pH C r(V I)
C o n e .(m g /L ) ±  SD

T otal Cr
C o n e .(m g /L ) ±  S D pH

3 0 .2 4 3 1.02 3 0 .2 4 3  ±  0 .0 0 8 1.05 3 .941  ± 0 .0 3 6 18 .763  ± 0 .0 5 7 1.06 8 6 .9 7 3 7 .9 6
30  243 2 .0 2 30  243 ± 0  0 1 2 2 .0 6 9 39 3  ± 0 .0 4 6 20 .4 1 1  ± 0 .0 6 8 2  08 68 94 32  51
30  243 3 .01 3 0 .2 4 3  ± 0  0 0 9 3 .0 4 2 2 .9 4 8  ± 0 .0 5 9 2 4 .8 5 4  ± 0 .0 6 9 3 04 2 4 .1 2 17 82
30  243 4  00 30  243 ± 0  015 4 .03 2 3 .5 4 1  ± 0 .1 0 3 2 7 .5 5 4  ± 0 .0 0 3 4 .0 6 2 2 .1 6 8 .89
30  243 5 05 10 .243 ±  0 04 8 5 07 2 6 .6 2 3  ± 0  114 2 9 .4 8 3  ± 0 .1 0 1 5 .0 7 11.97 2 .513
3 0  243 6 04 3 0 .2 4 3  ± 0 .0 0 8 6 .0 6 2 8 .1 3 2  ± 0 .1 0 6 30  157 ± 0 .0 9 7 6 .03 6 .98 0 .2 8 4
4 0 .2 0 4 1 0 1 4 0 .2 0 4  ± 0 .0 4 8 1.05 5 .8 5 4  ± 0 .0 4 3 28 613 ± 0 .0 8 2 1.02 8 5 .4 4 28 .83
4 0 .2 0 4 2 02 4 0  2 0 4  ± 0 .0 4 5 2 08 15 .9 6 5  ±  0 .063 2 9 .7 5 5  ± 0 .0 6 9 2 .1 0 60  29 25 99
4 0 .2 0 4 3 .0 2 40  2 0 4  ± 0  0 5 7 3 09 2 7  0 7 7  ± 0  0 1 2 3 3 .2 5 3  ± 0 .1 0 4 3 10 3 2 .6 5 17 .29
4 0 .2 0 4 4 03 4 0 .2 0 4  ± 0  0 5 9 4.01 3 0 .3 9 8  ± 0  0 3 7 37  263  ± 0 .0 6 7 4 .0 8 2 4 .3 9 7 .313
4 0  2 0 4 5 00 4 0 .2 0 4  ± 0 .0 5 8 5 06 3 4 .0 0 1  ± 0 .0 5 5 39  99 5  ± 0  112 5 08 15.43 0 .5 2
4 0 2 0 4 6.01 40  2 0 4  ± 0  0 6 9 6 .0 7 3 8 .0 0 9  ± 0 .0 8 5 4 0 .1 2 8  ± 0  0 9 7 6 07 5 .4 6 0 .1 9
8 0 2 5 2 1.00 80 2 5 2  ± 0 .0 4 3 1.03 35 833 ± 0  02 8 6 7 .1 5 5  ± 0  0 6 6 1 04 55 .35 16 .32
8 0 .2 5 2 2 .0 2 80  2 5 2  ± 0 .1 2 3 2 .0 9 5 4 .4 5 1  ± 0 .1 0 5 6 9 .3 7 0  ± 0 .1 0 3 2  03 32  15 13 .56
8 0 2 5 2 3.01 80  2 5 2  ± 0 .0 9 6 3 .0 6 66  7 2 9  ± 0  106 7 2 .2 3 5  ±  0 0 9 9 3 06 16 .85 9 .9 9
8 0 2 5 2 4 00 80 2 5 2  ± 0 .0 6 4 4 07 7 3 .4 6 3  ± 0 .0 5 8 7 4 .5 5 4  ± 0 .0 4 3 4 08 8 .46 7 .1 0
8 0 .2 5 2 5 .04 8 0 .2 5 2  ± 0  175 5 .03 79  2 9 0  ± 0  03 6 7 9 .8 1 9  ±  0 0 5 7 5 .0 6 1.198 0 54
80  2 5 2 6.03 80  2 5 2  ±  0 2 8 6 6 .0 7 7 9 .8 0 3  ± 0  08 2 s o  07 5  ± 0 .0 6 6 6 .0 4 0 .5 6 0 .2 2

to
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Table C-l Removal of Pb at difference bagasse dose (volume of sample 50 mL, shaking speed 125 rpm, room temperature, contact time 60 min)

A d so r b e n t
In itia l p ro p e r tie s  o f  

so lu t io n
F in a l p r o p e r t ie s  o f  so lu t io n

%  A d so r p t io n %  P r e c ip ita t io n % R e m o v a l
d o s e  (g /L )

C o n c .(m g /L ) p H  _
N o  a d so rb en t A d d  a d so r b e n t

C o n c .(m g /L )  ±  S D p H C o n c .(m g /L )  ±  S D p H
0 .2 0 2 7 9 .2 2 0 6 .2 7 7 8 .3 6 9  ± 0 . 0 0 2 6 .2 7 6 0 .7 9 3  ±  0 .0 0 4 6 .2 7 2 3 .2 5 1 .0 7 2 4 .3 3
0 .3 0 4 7 9 .2 2 0 6 .2 7 7 8 .3 6 9  ± 0 .0 0 1 6 .2 7 5 3 .4 2 6  ± 0 . 0 1 4 6 .2 7 3 2 .5 5 1 .0 7 3 3 .6 3
0 .4 0 6 7 9 .2 2 0 6 .2 7 7 8 .3 6 9  ± 0 .0 0 1 6 .2 7 5 1 .8 7 3  ± 0 . 0 2 4 6 .2 7 3 4 .5 1 1 .0 7 3 5 .5 9
0 .5 0 7 7 9 .2 2 0 6 .2 7 7 8 .3 6 9  ± 0 .0 0 2 6 .2 7 4 9 .9 9 6  ± 0 .1 0 2 6 .2 7 3 6 .8 8 1 .0 7 3 7 .9 6
1 .0 1 2 7 9 .2 2 0 6 .2 7 7 8 .3 6 9  ± 0 .0 0 1 6 .2 7 4 5 .4 5 6  ± 0 .1 2 1 6 .2 7 4 2 .6 2 1 .0 7 4 3 .6 9
5 .0 2 1 7 9 .2 2 0 6 .2 7 7 8 .3 6 9  ± 0 .0 0 1 6 .2 7 3 9 .2 6 1  ± 0 . 1 1 4 6 .0 4 5 0 .4 4 1 .0 7 5 1 .5 1

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

to
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Table C-2 Removal of Pb at difference bagasse fly ash dose (volume of sample 50 mL, shaking speed 125 rpm, room temperature, contact time
60 min)

A d so r b e n t  
d o s e  (g /L )

In itia l p ro p e r tie s  o f  
so lu t io n

F in a l p r o p e r tie s  o f  s o lu t io n
%  A d so r p t io n %  P r e c ip ita t io n %  R e m o v a l

C o n c .(m g /L ) p H
N o  a d so rb en t A d d  a d so rb en t

C o n c .(m g /L )  ±  S D p H C o n c .(m g /L )  ±  S D p H
0 .1 0 9 7 8 .8 8 7 6 .0 5 7 8 .5 6 8  ± 0 . 0 0 3 6 .0 5 5 3 .6 3 5  ± 0 . 0 4 5 6 .0 5 3 2 .0 1 0 .4 0 3 2 .4 1
0 .2 0 8 7 8 .8 8 7 6 .0 5 7 8 .5 6 8  ± 0 . 0 0 5 6 .0 5 3 2 .7 1 4  ± 0 . 0 6 5 6 .0 5 5 8 .5 3 0 .4 0 5 8 .9 3
0 .3 1 0 7 8 .8 8 7 6 .0 5 7 8 .5 6 8  ± 0 . 0 0 2 6 .0 5 2 3 .4 6 9  ± 0 .0 5 5 6 .0 6 7 0 .2 5 0 .4 0 7 0 .6 5
0 .4 0 6 7 8 .8 8 7 6 .0 5 7 8 .5 6 8  ± 0 . 0 0 2 6 .0 5 1 9 .3 7 5  ± 0 . 0 6 2 6 .0 8 7 5 .4 4 0 .4 0 7 5 .8 4
0 .5 0 1 7 8 .8 8 7 6 .0 5 7 8 .5 6 8  ± 0 . 0 0 3 6 .0 5 1 6 .9 3 7  ± 0 .0 4 5 6 .0 7 7 8 .5 2 0 .4 0 7 8 .9 3
0 .9 9 8 7 8 .8 8 7 6 .0 5 7 8 .5 6 8  ± 0 . 0 0 4 6 .0 5 1 0 .4 8 4  ± 0 . 0 3 6 6 .0 9 8 6 .7 1 0 .4 0 8 7 .1 1
5 .0 3 1 7 8 .8 8 7 6 .0 5 7 8 .5 6 8  ±  0 .0 0 3 6 .0 5 1 .9 4 9 ±  0 .0 7 6 6 .0 9 9 7 .5 3 0 .4 0 9 7 .9 3

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

to



Table C-3 Removal of Cr at difference bagasse dose (volume of sample 50 mL, shaking speed 125 rpm, room temperature, contact time 60 min)

A d so r b e n t  
d o s e  (g /L )

In itia l p r o p er tie s  o f  
so lu t io n

F in a l p r o p e r t ie s  o f  s o lu t io n

%  R e m o v a l o f  
C r(V I)

% R e m o v a l  o f  
T o ta l C rC r(V I)

C o n e . (m g /L )

N o  m a ter ia l A d d  m a ter ia l

pH
C r (V I)

C o n e .(m g /L )  ±  
S D

p H
C r (V I)

C o n e .(m g /L )  ±  
S D

T o ta l Cr 
C o n e .(m g /L )  ±  

S D
p H

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

1 0 .1 1 3 8 0 .0 4 6 1 .0 9 8 0 .0 4 6  ±  0 .0 0 3 1 .0 9 1 2 .1 2 7  ± 0 . 0 4 5 6 9 .6 2 4  ±  0 .0 7 5 1 .0 8 8 4 .8 5 1 3 .0 2
1 5 .0 4 5 8 0 .0 4 6 1 .0 9 8 0 .0 4 6  ±  0 .0 0 1 1 .0 9 2 .5 7 7  ± 0 . 0 6 9 6 7 .7 5 1  ± 0 . 0 8 5 1 .0 9 9 6 .7 8 1 5 .3 6
2 0 .0 8 8 8 0 .0 4 6 1 .0 9 8 0 .0 4 6  ± 0 .0 0 1 1 .0 9 N D 6 4 .7 4 1  ±  0 .0 8 8 1 .0 7 1 0 0 .0 0 1 9 .1 2
2 5 .0 4 6 8 0 .0 4 6 1 .0 9 8 0 .0 4 6  ±  0 .0 0 2 1 .0 9 N D 6 4 .5 8 1  ± 0 . 0 9 4 1 .0 9 1 0 0 .0 0 1 9 .3 2
3 0 .0 5 8 8 0 .0 4 6 1 .0 9 8 0 .0 4 6  ±  0 .0 0 2 1 .0 9 N D 6 4 .0 0 5  ±  0 .0 6 7 1 .1 0 1 0 0 .0 0 2 0 .0 4
3 9 .9 5 5 8 0 .0 4 6 1 .0 9 8 0 .0 4 6  ± 0 .0 0 1 1 .0 9 N D 6 4 .6 5 3  ±  0 .0 9 1 1 .0 9 1 0 0 .0 0 1 9 .2 3

N D  referred  to  n o n  d e te c t io n  ( le s s  th an  d e te c t io n  lim it  o f  e q u ip m e n t)

K)
00



Table C-4 Removal of Cr at difference bagasse fly ash dose (volume of sample 50 mL, shaking speed 125 rpm, room temperature, contact time
60 min)

A d so r b e n t  
d o s e  (g /L )

In itia l p ro p er tie s  o f  
so lu t io n

F in a l p r o p e r tie s  o f  s o lu t io n

% R e m o v a l o f  
C r(V I)

%  R e m o v a l o f  
T o ta l C rC r(V I)  

C o n e . (m g /L )

N o  m a ter ia l A d d  m a ter ia l

p H
C r (V I)

C o n e .(m g /L )  ±  
S D

p H
C r (V I)

C o n e .(m g /L )  ±  
S D

T o ta l Cr  
C o n e . (m g /L )  ±  

S D
p H

1 .021 8 0 .0 4 6 1 .0 9 8 0 .0 4 6  ±  0 .0 0 2 1 .0 9 6 9 .1 4 4  ± 0 . 0 3 6 7 5 .2 1 1  ± 0 . 0 6 7 1 .0 4 1 3 .6 2 6 .0 4
5 .0 4 1 8 0 .0 4 6 1 .0 9 8 0 .0 4 6  ± 0 .0 0 1 1 .0 9 5 7 .7 6 1  ± 0 .0 1 1 6 4 .5 7 3  ±  0 .0 9 9 1 .0 6 2 7 .8 4 1 9 .3 3

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

'งิวี
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Table D-l A d sorption  isotherm  equation data for rem oval Pb b y  b ag asse  at d ifference  
d osage  o f  bagasse.

Dose
(g/L)

Co
(mg/L)

Ce
(mg/L)

X

(mg/L)
q

(mg/g)
1/Ce 1/q log Ce logq

0.20 79.220 60.797 18.423 92.113 0.016 0.011 1.784 1.964
0.30 79.220 53.431 25.789 85.964 0.019 0.012 1.728 1.934
0.40 79.220 51.880 27.340 68.350 0.019 0.015 1.715 1.835
0.50 79.220 50.000 29.220 58.439 0.020 0.017 1.699 1.767
1.00 79.220 45.455 33.765 33.765 0.022 0.030 1.658 1.528
5.00 79.220 39.264 39.956 7.991 0.025 0.125 1.594 0.903
10.00 79.220 33.333 45.887 4.589 0.030 0.218 1.523 0.662
15.00 79.220 30.294 48.925 3.262 0.033 0.307 1.481 0.513
20.00 79.220 29.522 49.698 2.485 0.034 0.402 1.470 0.395

Table D-2 A d sorption  isotherm  equation data for rem oval Pb by b agasse  f ly  ash at 
differen ce d o sa g e  o f  bagasse fly  ash.

Dose
(g/L)

Co
(mg/L)

Ce
(mg/L)

X

(mg/L)
q

(mg/g)
1 /Ce 1/q log Ce logq

0.10 78.887 53.637 25.250 252.500 0.019 0.004 1.729 2.402
0.20 78.887 32.716 46.171 230.855 0.031 0.004 1.515 2.363
0.30 78.887 23.471 55.416 184.720 0.043 0.005 1.371 2.267
0.40 78.887 19.377 59.510 148.775 0.052 0.007 1.287 2.173
0.50 78.887 16.943 61.944 123.888 0.059 0.008 1.229 2.093
1.00 78.887 10.485 68.402 68.402 0.095 0.015 1.021 1.835
5.00 78.887 1.952 76.935 15.387 0.512 0.065 0.290 1.187
10.00 78.887 0.550 78.337 7.834 1.818 0.128 -0.260 0.894
15.00 78.887 0.413 78.474 5.232 2.421 0.191 -0.384 0.719
20.00 78.887 0.346 78.541 3.927 2.890 0.255 -0.461 0.594
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Table E-l Kinetic analysis data for removal Cr(VI) by bagasse

Contact time Cr(VI)
(min) Co (mg/L) Ce (mg/L) In Ce Co-Ce (mg/L)

0 10.440 10.440 2.346 0.000
3 10.440 10.440 2.346 0.000
6 10.440 9.260 2.226 1.180
9 10.440 8.061 2.087 2.379
12 10.440 6.951 1.939 3.489
15 10.440 3.570 1.273 6.870
30 10.440 ND - -

ND referred to non detection (less than detection limit of equipment)

Table E-2 Kinetic analysis data for removal Cr by bagasse fly ash

Contact 
time (min)

Cr(VI)
Co (mg/L) Ce (mg/L) In Ce Co-Ce (mg/L)

0 9.209 9.209 2.220 0
3 9.209 9.209 2.220 0
6 9.209 6.270 1.836 2.939
9 9.209 5.5825 1.719 3.626
12 9.209 5.364 1.680 3.845
15 9.209 4.647 1.536 4.562
30 9.209 2.874 1.056 6.335
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Table F Sorption uptake of bagasse (B) and bagasse fly ash (BFA) on lead (Pb) and 
chromium (Cr)

Initial ___________Adsorption uptake, q (mg/g)
cone.

(mg/L)
Initial pH B-Pb BFA-Pb B-Cr BFA-Cr

5 1 0.003 0.502 0.053 0.201
5 2 0.013 0 517 0.050 0.179
5 3 0.155 ND 0.045 0 087
5 4 0.318 ND 0 043 0 022
5 5 0.388 ND 0.039 0.005
5 6 0468 ND 0 033 0.003
10 1 0.018 1.018 0 099 0.363
10 2 0.029 1.049 0 088 0 316
10 3 0.339 1.117 0 078 0.158
10 4 0.531 1.171 0.076 0.019
10 5 0.813 ND 0.071 0.005
10 6 0.873 ND 0.066 0.003
20 1 0 035 1.488 0.193 0.574
20 2 0 055 1.524 0.183 0.499
20 3 0 240 1.859 0.150 0.315
20 4 0.738 1.932 0.127 0.063
20 5 1.311 1.959 0.125 0.014
20 6 1.594 1 972 0.110 0 004
30 1 0.055 1.956 0.284 0.574
30 2 0 086 2.092 0 262 0491
30 3 0 294 2.729 0 226 0.270
30 4 0.903 2 878 0.172 0.135
30 5 1.657 2 924 0.155 0 038
30 6 2.162 2.947 0.144 0 004
40 1 0.106 2 343 0.383 0.580
40 2 0 111 2 588 0.333 0.523
40 3 0 134 3.870 0302 0 347
40 4 1.038 4.114 0.208 0.147
40 5 1.972 4.174 0.212 0 010
40 6 2 724 4.207 0.166 0.004
80 1 0.177 1 824 0.711 0.655
80 2 0 270 2 249 0.575 0.544
80 3 0 844 6.708 0.563 0.401
80 4 1 457 7.182 0 384 0.285
80 5 2 712 7.671 0 325 0 022
80 6 4 055 7.915 0291 0.009
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Table G-l Compressive strength of B-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

w/c ratio Percent
replacement

Specimen numberl Specimen number 2 Specimen number 3 Mean of 
compressive 

strength 
(ksc)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

kN ksc kN ksc kN ksc
0 25.70 56.5 224.30 26.11 58.0 226.62 26.11 62.2 242.80 231.24

0.40 5 26.11 18.3 71.49 26.16 18.5 72.22 25.86 19.6 77.38 73.70
10 25.86 1.0 3.96 25.96 1.0 3.92 25.50 1.0 4.12 4.00
0 25.91 57.9 227.95 26.01 56.4 221.04 26.21 62.2 241.76 230.25

0.50 5 25.75 17.1 67.54 25.86 17.0 66.84 26.00 19.0 74.50 69.63
10 26.42 1.2 4.55 25.40 1.1 4.55 25.70 1.3 5.12 4.74
0 26.57 47.1 180.89 26.94 47.8 180.89 26.06 52.0 203.50 188.43

0.60 5 26.47 4.8 18.56 26.47 4.9 18.95 26.27 5.3 20.49 19.33
10 25.55 0.4 1.61 25.25 0.4 1.63 26.11 0.5 1.79 1.68
0 26.11 35.3 137.97 25.81 35.7 140.87 25.55 39.3 156.85 145.23

0.70 5 26.11 2.3 9.09 26.00 2.3 9.09 26.16 2.7 10.53 9.57
10 25.91 0.2 0.79 26.21 0.2 0.77 26.01 0.2 0.88 0.81
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Table G-2 Compressive strength of B-Pb-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

w/c ratio Percent
replacement

Specimen numberl Specimen number 2 Specimen number 3 Mean of 
compressive 

strength 
(ksc)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

kN ksc kN ksc kN ksc
0 26.01 59.0 231.37 26.01 59.6 233.76 25.91 63.7 250.46 238.53

0.40 5 25.86 19.1 75.15 25.70 19.1 75.92 25.60 20.4 81.34 77.47
10 25.50 1.0 4.02 25.60 1.0 3.98 25.91 1.1 4.18 4.06
0 26.21 57.5 223.46 25.96 55.2 216.69 26.21 60.9 237.01 225.72

0.50 5 26.00 16.5 64.70 25.50 16.0 64.03 26.36 18.5 71.37 66.70
10 25.85 1.0 3.96 25.40 1.0 3.96 25.80 1.1 4.45 4.12
0 26.11 42.1 164.40 26.32 42.4 164.40 26.06 47.3 184.95 171.25

0.60 5 26.27 6.1 23.48 26.57 6.2 23.97 26.42 6.7 25.93 24.46
10 26.11 0.5 1.99 25.40 0.5 2.01 26.11 0.6 2.21 2.07
0 26.32 34.5 133.64 26.21 35.1 136.45 25.60 38.2 151.92 140.67

0.70 5 26.16 3.0 11.62 25.75 2.9 11.62 26.16 3.5 13.45 12.23
10 26.16 0.3 1.03 26.21 0.3 1.01 26.01 0.3 1.14 1.06
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Table G-3 Compressive strength of B-Cr-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

w/c ratio Percent
replacement

Specimen numberl Specimen number 2 Specimen number 3 Mean of 
compressive 

strength 
(ksc)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

kN ksc kN ksc kN ksc
0 26.11 54.9 214.20 25.96 55.1 216.41 25.76 58.6 231.85 220.82

0.40 5 25.65 17.2 68.46 25.70 17.4 69.16 26.01 18.9 74.12 70.58
10 25.60 1.0 4.07 25.60 1.0 4.03 25.75 1.1 4.23 4.11
0 25.96 58.5 229.79 25.96 56.7 222.82 25.91 61.9 243.72 232.11

0.50 5 26.57 17.3 66.33 25.70 16.5 65.64 25.60 18.4 73.17 68.38
10 25.80 1.2 4.70 25.45 1.2 4.70 26.10 1.4 5.30 4.90
0 26.63 49.1 188.08 26.32 48.6 188.08 25.81 53.6 211.57 195.91

0.60 5 26.52 6.2 24.02 26.63 6.4 24.52 26.16 6.8 26.52 25.02
10 25.70 0.5 1.82 25.40 0.5 1.84 25.96 0.5 2.04 1.90
0 26.57 36.5 140.16 26.21 36.8 143.12 25.45 39.8 159.34 147.54

0.70 5 26.00 2.6 10.30 25.55 2.6 10.30 26.11 3.1 11.92 10.84
10 26.42 0.2 0.90 26.21 0.2 0.88 25.50 0.3 1.01 0.93
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Table G-4 Compressive strength of BFA-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

Specimen number 1____________ Specimen number 2_____________ Specimen number 3______  Mean of
Percent Area Compressive Area Compressive Area Compressive compressive

พ c ratio replacement (cm2) ______strength_____  (cm2) ______strength______ (cm2) ______strength_____  strength
kN ksc kN ksc kN ksc (ksc)

0 25.70 64.4 255.35 26.11 66.1 257.99 26.11 70.8 276.41 263.25
0.40 10 26.11 37.1 144.84 26.16 37.6 146.33 25.86 39.8 156 78 149.32

20 25.86 26.7 105.08 25.96 26.5 104.02 25.50 27.3 109 33 106.14
30 26.06 22 3 87.10 25.65 21.7 86.22 25.55 22.7 90.62 87.98
0 25.91 71 5 281.40 26.01 69.6 272.87 26.21 76.7 298.45 284.24

0.50 10 25.75 40.3 159.43 25.86 40 0 157 79 26.00 44 9 175.87 164.36
20 26 42 292 112.71 25 40 28 1 112 71 25.70 32 0 126.80 117 40
30 26.57 26.3 100.84 26.21 25.9 100.84 26.06 29 0 113.45 105.05
0 26.57 58.7 225.38 26.94 59.6 225.38 26.06 64.8 253.55 234 77

0.60 10 26.47 30 8 118.68 26.47 31.5 121.16 26.27 33 8 131.05 123 63
20 25 55 22 3 88.91 25.25 22 3 89.84 26 11 25 4 99.10 92.62
30 25 60 19 2 76 41 25.30 194 78 02 26.00 22.2 86.87 80.43
0 26.11 45.0 175.65 25.81 45.4 179.34 25.55 50 0 199.68 184.89

0.70 10 26.11 22 7 88.46 26 00 22 6 88.46 26.16 26.3 102.42 93.11
20 25 91 16 3 63 97 26 21 16 1 62.65 26.01 18.2 71.23 65 95
30 26.37 14 8 57.34 26.47 14.6 56 15 26.01 16.3 63.84 59.11
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Table G-5 Compressive strength of BFA-Pb-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

w/c ratio Percent
replacement

Specimen numberl Specimen number 2 Specimen number 3 Mean of 
compressive 

strength 
(ksc)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

kN ksc kN ksc kN ksc
0 27.04 72.0 271.43 27.04 69.0 260.12 26.52 66.0 253.69 261.75

0.40 10 26.01 38.0 148.93 26 01 41.0 160 68 26.00 38.0 148 98 152.87
20 26 52 27 5 105.70 26.52 27.5 105.70 26 52 26 5 101 86 104.42
30 27 04 24.0 90.48 27.04 28.0 105.56 26 52 26.5 101.86 99.30
0 25.50 67 0 267.83 26.01 70 0 274 34 25.5 65.0 259.84 267.34

0.50 10 26 01 43.0 168 52 27 04 43.0 162 10 26.52 41.0 157.59 162.74
20 27 04 30 0 113.10 27 04 29.5 111.21 26 01 29.5 115.61 113.31
30 27.04 31.5 118.75 27 04 30.0 113.10 27 04 33.0 124.41 118.75
0 25 00 57.0 232.42 25.5 60.0 239 85 27 04 55 0 207 34 226.54

0.60 10 27 04 30.0 113.10 27.04 33 0 124 41 26.01 34 0 133 25 123.58
20 27 04 24 0 90.48 27 04 23.5 88.59 26 01 24.0 94.06 91.04
30 26.01 18 5 72 50 27.04 18.5 69 74 26 52 20.5 78.80 73.68
0 26 01 50 0 195.96 26 01 46.0 180.28 26.01 46 0 180.28 185.51

0.70 10 26.52 22 0 84.56 26 52 26.0 99.94 26 01 25.0 97.98 94.16
20 28.09 17.5 63.51 27.04 18.0 67.86 26.01 18.0 70 54 67.30
30 27.04 17 0 64 09 26 01 14 0 54.87 26 01 16.0 62.71 60.55
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Table G-6 Compressive strength of BFA-Cr-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

w/c ratio Percent
replacement

Specimen numberl Specimen number 2 Specimen number 3 Mean of 
compressive 

strength 
(ksc)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

kN ksc kN ksc kN ksc
0 25.96 65.2 256.08 25.76 65.4 258.72 26.11 71.0 277.20 264.00

0.40 10 25.65 35.0 139.10 25.91 35 7 140 54 26 31 38 9 150 58 143.40
20 25 60 26.5 105.46 25.75 26.4 104 39 25 86 27 8 109 72 106.52
30 25.96 23 6 92.70 25 45 22.9 91.77 25 30 23 9 96.45 93.64
0 25.96 83 2 326.70 26.11 81.1 316.80 26 27 89 3 346.50 330.00

0.50 10 25 70 48 1 190 91 25.60 47.4 188.94 25.30 52.3 210.59 196 81
20 25.45 32.6 130.62 26.10 33 4 130 62 25.45 36.7 146.94 136.06
30 26.16 32.6 127 16 26 31 32 8 127.16 25.91 36.4 143.06 132.46
0 27.04 63 4 239.04 25 81 60.5 239.04 26.16 69.0 268.92 249.00

0.60 10 26.63 33 2 126.95 26.21 33 3 129.60 26.21 36 0 140.18 132.24
20 25.40 23 0 92.37 25 96 23.8 93.33 25 65 25.9 102.95 96.21
30 25.60 20 0 79 67 26.31 21 0 81 35 26.00 23 1 90.57 83.86
0 26.01 44.6 174.80 25.45 44.6 178.48 25 55 49.8 198.72 184.00

0.70 10 25 55 22.0 87.87 25.70 22.2 87.87 26.16 26.1 101 75 92.50
20 26.21 15.7 61.15 25.50 15.0 59.89 25.80 172 68.08 63.04
30 26.37 14.8 57 38 26 11 14.4 56.20 25.96 16.3 63.89 59 16
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Appendix H
Effect of Curing Time on Compressive Strength of Specimens in ร/ร Study



Table H-l Compressive strength of B-cement mortar with difference curing time and percent replacement at w/c ratio of 0.50

Percent
replacement

Curing - 
time 
(day)

Specimen numberl Specimen number 2 Specimen number 3 Mean of 
compressive 

strength 
(ksc)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

kN ksc kN ksc kN ksc
3 25.70 44.1 174.85 26.11 45.2 176.65 26.11 48.5 189.27 180.26
7 26.06 60.0 234.85 26.16 60.9 237.27 25.65 64.0 254.22 242.11บ 14 25.91 70.4 276.84 25.86 69.5 274.05 25.70 72.6 288.03 279.64

28 25.91 83.7 329.29 25.96 81.3 319.32 26.21 89.8 349.25 332.62
3 26.42 0.7 2.66 25.40 0.7 2.66 26.01 0.8 3.00 2.78
7 26.27 18.8 73.12 26.31 18.9 73.12 26.06 21.0 82.26 76.17ว 14 26.11 26.4 103.14 26.47 27.3 105.29 25.86 28.9 113.88 107.44

28 25.55 35.5 141.65 25.50 35.8 143.12 26.11 40.4 157.88 147.55
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Table H-2 Compressive strength of B-Pb-cement mortar with difference curing time and percent replacement at w/c ratio of 0.50

Percent
replacement

Curing - 
time 
(day)

Specimen numberl Specimen number 2 Specimen number 3 Mean of 
compressive 

strength 
(ksc)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

kN ksc kN ksc kN ksc
3 25.60 42.7 169.99 25.35 42.7 171.75 25.65 46.3 184.01 175.25

r\ 7 25.96 59.4 233.20 25.65 59.3 235.60 25.50 63.1 252.43 240.41บ 14 26.47 69.4 267.10 25.65 66.5 264.40 25.91 70.6 277.89 269.80
28 26.06 81.4 318.32 25.65 77.7 308.68 25.81 85.5 337.62 321.54
3 25.86 0.4 1.50 25.50 0.4 1.50 25.91 0.4 1.68 1.56

r 7 25.20 18.7 75.68 26.05 19.3 75.68 25.60 21.4 85.14 78.83J 14 26.11 25.8 100.91 25.60 25.9 103.01 25.91 28.3 111.42 105.11
28 25.75 35.2 139.35 26.21 36.2 140.81 25.55 38.9 155.32 145.16
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Table H-3 Compressive strength of B-Cr-cement mortar with difference curing time and percent replacement at w/c ratio of 0.50

Percent
replacement

Curing - 
time 
(day)

Specimen numberl Specimen number 2 Specimen number 3 Mean of 
compressive 

strength 
(ksc)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

kN ksc kN ksc kN ksc
3 25.81 44.8 176.84 25.81 45.2 178.66 25.96 48.8 191.43 182.31
7 25.91 59.7 234.85 25.80 60.1 237.27 25.65 64.0 254.21 242.11บ 14 25.60 71.9 286.29 25.86 71.9 283.40 25.76 75.3 297.86 289.18

28 25.96 86.2 338.58 25.76 83.0 328.32 26.21 92.3 359.10 342.00
3 26.42 0.7 2.66 25.40 0.7 2.66 25.96 0.8 2.99 2.77
7 26.00 18.2 71.47 26.31 18.4 71.47 26.06 20.6 80.40 74.45J 14 26.26 28.2 109.52 26.83 29.4 111.80 26.32 31.2 120.93 114.08

28 25.75 37.6 148.93 25.75 38.0 150.48 25.96 42.3 165.99 155.13

toLÔOs



Table H-4 Compressive strength of BFA-cement mortar with difference curing time and percent replacement at w/c ratio of 0.50

Specimen numberl Specimen number 2 Specimen number 3 Mean of
Percent Curing Area Compressive Area Compressive Area Compressive compressive

replacement time (cm2) strength (cm2) strength (cm2) strength strength
kN ksc kN ksc kN ksc (ksc)

3 25.70 41.6 164.90 26.11 42.7 166.60 26.11 45.7 178.50 170.00
7 26.11 57.6 225.04 26.16 58.3 227.36 25.86 61.8 243.60 232.00

0 14 25.86 67.3 265.32 25.96 66.9 262.64 25.50 69.1 276.04 268.00
28 25.91 75.5 297.00 26.01 73.5 288.00 26.21 81.0 315.00 300.00
60 25.75 80.6 319.13 25.86 80.1 315.84 26.00 89.8 352.03 329.00
3 26.42 31.3 120.93 25.40 30.1 120.93 25.70 34.3 136.05 125.97
7 26.57 33.8 129.85 26.94 34.3 129.85 26.06 37.3 146.08 135.26

10 14 26.47 39.6 152.57 26.47 40.4 155.75 26.27 43.4 168.46 158.92
28 25.55 42.1 167.90 25.25 42.0 169.65 26.11 47.9 187.14 174.90
60 26.11 46.0 179.40 25.81 46.4 183.18 25.55 51.1 203.95 188.85
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Table H-5 Compressive strength of BFA-Pb-cement mortar with difference curing time and percent replacement at w/c ratio of 0.50

Specimen numberl Specimen number 2 Specimen number 3 Mean of
Percent Curing Area Compressive Area Compressive Area Compressive compressive

replacement time (cm2) strength (cm2) strength (cm2) strength strength
kN ksc kN ksc kN ksc (ksc)

3 26.01 46.0 180.28 26.01 46.0 180.28 25.50 44.0 175.89 178.82
7 25.50 67.0 267.83 26.01 70.0 274.34 25.50 65.0 259.84 267.34

0 14 26.01 71.0 278.26 26.01 75.0 293.94 26.01 69.0 270.42 280.87
28 27.04 77.0 290.28 26.01 76.0 297.85 26.01 78.0 305.69 297.94
60 25.50 85.0 339.79 26.01 85.0 333.13 26.00 87.0 341.10 338.00
3 27.04 34.0 128.17 27.04 36.0 135.71 26.01 36.0 141.09 134.99
7 26.01 43.0 168.52 27.04 43.0 162.10 26.52 41.0 157.59 162.74

10 14 27.04 48.0 180.95 26.52 47.0 180.66 27.04 43.0 162.10 174.57
28 26.01 50.0 195.96 25.50 52.0 207.87 26.01 50.0 195.96 199.93
60 26.52 57.0 219.09 25.50 50.0 199.88 25.50 57.0 227.86 215.61
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Table H-6 Compressive strength of BFA-Cr-cement mortar with difference curing time and percent replacement at w/c ratio of 0.50

Curinp Specimen numberl Specimen number 2 Specimen number 3 Mean of
Percent

replacement time
(day)

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

compressive
strength

kN ksc kN ksc kN ksc (ksc)
3 25.55 36.7 146.47 25.60 37.2 147.98 25.60 39.8 158.55 151.00
7 26.11 58.4 227.95 26.16 59.1 230.30 25.86 62.6 246.75 235.00

0 14 26.01 72.0 282.15 26.21 71.8 279.30 25.81 74.3 293.55 285.00
28 26.01 78.8 308.88 26.32 77.3 299.52 26.21 84.2 327.60 312.00
60 25.70 83.1 329.80 25.86 82.8 326.40 25.50 91.0 363.80 340.00
3 25.90 24.7 97.15 26.26 25.0 97.15 25.70 27.6 109.30 101.20
7 25.50 33.9 135.43 26.57 35.3 135.43 25.96 38.8 152.36 141.07

10 14 26.47 41.5 160.00 26.01 41.7 163.33 26.27 45.5 176.67 166.67
28 25.76 45.2 179.05 25.55 45.3 180.92 26.16 51.2 199.57 186.51
60 26.11 45.7 178.39 25.81 46.1 182.15 26.05 51.8 202.80 187.78
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Appendix I
Effect of Percent Replacement and w/c ratio on Compressive Strength of Specimens in Construction Material Study



Table 1-1 Compressive strength of BFA-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

Specimen numberl Specimen number 2 Specimen number 3 Mean of
w/c ratio Percent

replacement
Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

compressive
strength

kN ksc kN ksc kN ksc (ksc)
0 25.40 103.6 415.90 25.65 117.0 464.83 25.60 119.8 477.07 452.60

0.4 10 26.06 109.5 428.14 26.10 115.9 452.60 26.06 102.2 399.60 426.78
20 25.91 80.6 317.05 26.21 98.5 383 28 25.30 103.5 416.90 372.41
30 25.91 772 303.87 25 60 80.4 320.18 26 62 85.7 328 36 317 47
0 25 60 99 3 395.52 26.01 103.0 403.67 25 91 101.6 399 58 399.59

0.5 10 26.21 93 3 362.90 25 76 92.8 367 38 26 00 93.6 366.97 365.75
20 25.91 73.1 287.46 25.91 82.9 326.20 26.06 99.5 389.39 334.35
30 25.40 74 2 297 66 26.21 78.6 305.81 26 16 86.9 338.44 313.97
0 26.57 91.4 350.66 25.86 92.1 362.90 25.60 92.2 366.98 360.18

0.6 10 26.01 79.1 309.89 26 11 77.3 301.73 25.05 75.1 305.81 305.81
20 25.76 84 0 332.31 25.55 70 5 281.35 25 81 59.9 236 48 283 38
30 25.76 67.0 265 04 25 30 66.8 269.11 26.16 68.5 267.06 267.07
0 25 86 78.6 309.89 25.76 81.4 322.12 25.76 80 4 318.03 316.68

0.7 10 25.65 66.7 265.04 25.60 54.3 216.11 26.31 74.7 289.49 256.88
20 25.91 60 1 23649 25.25 59 6 240.57 25.96 61 3 240 57 239.21
30 25.86 57 9 228.34 25.80 48 5 191.64 26 32 66 9 258 92 226.30
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Table 1-2 Compressive strength of BFA-Pb-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

Specimen numberl_____________ Specimen number 2_____________Specimen number 3______  Mean of
w/c ratio Percent

replacement
Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

compressive
strength

kN ksc kN ksc kN ksc (ksc)
0 25.70 104.9 415.90 26.11 119.1 464.83 26.11 122.2 477.06 452.60

0.4 10 26 11 108.7 424.50 26.16 107 7 419 80 25 86 106.8 420.80 421.70
20 25 86 96.0 378 30 25 96 96.0 377 10 25 50 95.8 383 10 379.50
30 26.06 79.3 310.00 25.65 79 6 316.30 25.55 78 5 313.30 313 20
0 25 91 100.5 395.52 26.01 103.0 403 67 26.21 102.7 399.59 399.59

0.5 10 25.75 88.6 350.60 25.86 91.7 361 40 26 00 92.2 361 40 357.80
20 26 42 82 1 316 80 25 40 81.0 325.10 25 70 84.3 334.30 325.40
30 26.57 80.8 309.90 26.21 79 3 308 30 26 06 80 9 316 30 311.50
0 26 57 91 4 350.66 26.94 95 9 362.90 26 06 93 8 366 97 360.18

0.6 10 26.47 77.2 297.30 2647 77.8 299 60 26.27 78.3 304.00 300.30
20 25 55 70.5 281 20 25 25 68.5 27640 26.11 75.6 295.30 284.30
30 25.60 66.4 264.30 25.30 63 3 255.10 26 00 70 8 277 40 265.60
0 26.11 79.4 309.89 25 81 81 6 322.12 25 55 79 7 318.04 316.68

0.7 10 26 11 64.7 252.60 26 00 65.1 255 40 26.16 63.9 248 90 252.30
20 25.91 58 1 228 40 26 21 59.7 232.20 26.01 63 4 248 30 236.30
30 26 37 56.5 218 40 2647 60.0 231.00 26.01 58.9 230 70 226.70
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Table 1-3 Compressive strength of BFA-Cr-cement mortar with difference percent replacement and w/c ratio at 7-days curing time

Specimen number 1____________ Specimen number 2_____________ Specimen number 3______  Mean of
w/c ratio Percent

replacement
Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

Area
(cm2)

Compressive
strength

compressive
strength

kN ksc kN ksc kN ksc (ksc)
0 25.70 104.9 415.90 26.42 120.5 464.83 25.65 120.0 477.06 452.60

0.4 10 26 06 107 8 421.70 26 16 109 5 426 80 26.06 108.7 425.00 424 50
20 25.86 94.1 371 10 26 21 94.0 365.70 25 30 91.4 368.40 368.40
30 26.26 83.8 325 30 25 55 79.8 318 40 26 00 84 8 332.50 325.40
0 25.60 99 3 395.52 26.01 103.0 403.67 26 37 103.4 399.59 399.59

0.5 10 26.06 89.1 348.40 25.86 90.1 355.30 26 00 92.2 361.60 355 10
20 25.91 84.2 331 20 25.81 86 0 339.50 26.21 88.1 342.70 337.80
30 26.11 81.7 318.90 26.21 83 3 324 10 26.16 82.6 321.80 321.60
0 26.57 91.4 350 66 26.36 93.8 362.90 25.55 92.0 366.97 360 18

0.6 10 26 11 79 7 311 30 26.11 79 7 31130 25 05 75 8 308 60 31040
20 25 76 69.1 273.40 26 57 72 6 278 60 26.11 72.6 283.50 278.50
30 25 60 64.1 255.40 25.20 64.6 261.20 26.16 71.3 277.80 264.80
0 25 86 78 6 309 89 25 76 81.4 322 12 25 35 79 1 318 04 316.68

0.7 10 25 96 65 1 255 80 25.60 65 2 259.50 26.57 69.5 266.80 260.70
20 25.91 61 4 241 40 25.86 60.0 236 50 26 11 63.6 248 40 242.10
30 25.65 54.6 216.90 25.80 57.9 228.70 26.32 61 8 239.30 228.30
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Table 1-4 Compressive strength of BFA-cement mortar with difference percent replacement and w/c ratio at 5-days curing time

S p e c im e n  n u m b e r l S p ec im eะท n u m b e r  2 S p e c im e n  n u m b e r  3 M e a n  o f

w /c  ra tio P e rc e n t
re p la c e m e n t

A re a
(c m 2)

C o m p re ss iv e
s tre n g th

A rea
(c m 2)

C o m p re s s iv e
s tre n g th

A re a
(c m 2)

C o m p re ss iv e
s tre n g th

c o m p re ss iv e
s tre n g th

k N k sc k N k sc k N k sc (k sc )
0 25 .81 85 .8 3 3 8 .9 0 25 .81 8 7 .2 3 4 4 .3 3 25 .81 112 .7 4 4 5 .1 7 3 7 6 .1 3

0 .4 10 25  96 82  9 325  67 2 5 .5 0 8 0 .4 3 2 1 .4 0 25  81 7 9 .2 31 2 .9 3 3 2 0 .0 0
20 2 5 .91 7 5 .4 2 9 6 .8 0 25 .81 7 5 .8 2 9 9 .2 0 2 5 .8 0 7 6 .6 3 0 2 .5 0 2 9 9 .5 0
30 2 5 .6 0 4 5 .8 18 2 .4 0 26 .01 4 7  3 18 5 .3 0 2 5 .4 5 4 7 .2 189 .10 185 .60
0 2 5 .6 5 63 .3 2 5 1 .6 7 2 5 .5 0 64  8 2 5 9 .1 0 2 5 .7 0 65 .5 25 9 .6 3 2 5 6 .8 0

0.5 10 25  15 61 2 2 4 8 .1 0 2 6 .11 62  7 2 4 4  67 25  20 6 0 4 244 .43 2 4 5 .7 3
20 2 5 .91 49 .3 1 94 .00 25  50 4 8 .8 195 .13 2 5 .6 5 50 .8 2 0 2 .0 7 197 .07
30 2 6  57 4 6  2 177 30 2 5 .8 0 4 6 .2 1 8 2 .6 7 2 5 .3 0 4 6 .4 186.83 182 .27
0 2 6  31 59  5 2 3 0 .4 0 2 6 .31 6 0 .7 2 3 5 .2 0 25  30 59  6 2 4 0 .0 0 2 3 5 .2 0

0 .6 10 28  90 6 4 .0 225  70 2 6 .3 7 57  3 221 40 2 6 .5 7 56.1 215  30 2 2 0 .8 0
20 25 70 51 8 2 0 5 .5 0 2 5 .8 0 5 3 .2 2 1 0 .3 3 2 6 .0 6 5 3 .2 2 0 8 .1 7 208  00
30 26 .31 4 1 .7 161 60 25 50 3 9 .2 1 5 6 .8 0 2 6 .5 2 41 8 160 70 159 70
0 2 6 .3 2 4 9  2 190 70 25 30 48  1 193 67 2 6 .0 5 4 6 .0 180.13 1 88 .17

0 .7 10 2 6 4 2 4 0 .6 1 5 6 .5 0 25 05 4 0 4 164 50 2 5 .5 0 4 1 .0 163 .80 161 60
20 25 91 4 1 .4 1 6 2 .9 0 25  60 39  6 157 70 25  50 3 9 .9 1 5 9 4 0 160 .00
30 2 5 .8 6 3 1 .9 1 2 5 .9 0 2 5 .9 5 3 0 .9 121 4 0 2 5 .8 6 34  1 134 .30 127 .20
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Table 1-5 Compressive strength of BFA-Pb-cement mortar with difference percent replacement and w/c ratio at 5-days curing time

S p e c im e n  n u m b e r l S p e c im e n  n u m b e r  2 S p e c im e n  n u m b e r  3 M e a n  o f
w /c  ra tio P e rc e n t A re a C o m p re ss iv e A re a C o m p re ss iv e A rea C o m p re ss iv e co m p re ss iv e

re p la c e m e n t (c m 2) s tre n g th (c m 2) s tre n g th (c m 2) s tre n g th s tre n g th
k N k sc kN k sc kN k sc (ksc)

0 2 5 .7 0 71 .3 2 8 2 .8 0 2 5 .6 5 70.1 2 7 8 .6 0 2 5 .6 5 72 .5 2 8 8 .2 0 2 8 3 .2 0
0 .4 10 2 6 .0 1 8 3 .9 3 2 8  90 25 .81 8 3 .9 3 3 1 .2 0 26 .11 84  6 3 3 0 .2 0 330  1๐

20 2 6 .2 1 75  6 2 9 4 .1 0 25 .81 75  1 2 9 6 .6 7 2 6 .1 6 75 .8 29 5 .2 3 295  33
30 2 5 .0 0 4 5 .8 1 8 6 .8 0 26  47 48  1 185 33 25 .91 4 5 .0 177 17 183 .10
0 25 95 6 1 .6 2 4 1 .9 0 2 5 .2 5 62  0 2 5 0  10 25 40 60  3 2 4 2 .2 0 244 .73

0.5 10 25 20 6 0 .9 2 4 6 .4 0 26.01 6 2 .0 2 4 3 .1 0 2 5 .8 0 6 2 .4 2 4 6  40 2 4 5 .3 0
20 26  52 50  9 1 9 5 .7 0 2 5 .8 6 50 .5 1 99 .20 26  06 5 1 2 2 0 0 .1 0 198.33
30 2 6 .0 0 4 7  0 1 8 4 .2 0 2 5 .7 5 4 5 .5 180 20 25  55 4 7 .8 1 90 .90 185 .10
0 25 65 31 .3 124 30 26 .31 3 2 .3 125 00 25  60 4 4  5 177 10 142.13

0 .6 10 28  00 6 2  3 2 2 6 .9 0 2 6 .3 7 57.3 221 40 26 .31 55 6 2 1 5 .6 0 2 2 1 .3 0
20 2 6  06 50  4 1 9 7 .3 0 26 .01 52 .5 2 05  67 25 81 52  3 2 0 6 .6 3 2 0 3 .2 0
30 2 6  16 42  7 1 6 6 .3 0 25  50 4 2 .4 169 40 25 81 4 1 .6 1 64 .40 166 70
0 2 5 .6 0 19.4 7 7 .1 3 25  45 18.1 7 2 .33 2 6 .4 2 1 9 4 74 .93 7 4 .8 0

0 .7 10 2 6 .2 6 4 2 .2 1 6 3 .9 0 25  60 4 0  2 16 0 .0 0 25 76 4 2  1 1 66 .70 163.53
20 2 5 .7 6 3 8 .2 1 5 1 .2 0 2 5 .6 0 3 8 .4 152 90 25 60 42 .5 169 .30 157 .80
30 2 5 .3 0 30.1 121 40 25 50 32  4 12 9 .5 0 25 86 31 .8 1 25 .30 125 .40

to
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Table 1-6 Compressive strength of BFA-Cr-cement mortar with difference percent replacement and w/c ratio at 5-days curing time

S p e c im e n  n u m b e r l S p e c im e n  n u m b e r  2 S p e c im e n  n u m b e r  3 M e a n  o f

w /c  ra tio P e rc e n t A re a C o m p re ss iv e A re a C o m p re ss iv e A rea C o m p re ss iv e c o m p re ss iv e
re p la c e m e n t (cm 2) s tre n g th (c m 2) s tre n g th (cm 2) stren.gth s tre n g th

k N k sc k N k sc k N ksc (k sc )
0 25 .81 7 1 .6 2 8 2 .8 0 2 5 .7 6 7 0 .4 2 7 8 .6 0 25 .91 73 .3 2 8 8 .2 0 2 8 3 .2 0

0 .4 10 26 01 84.3 3 3 0 .3 0 25  81 8 1 3 321 00 26 .11 83 .4 3 2 5 .7 0 325  67
20 26 .11 7 6 .2 2 9 7  50 2 6  21 7 6 .0 2 9 5 .7 0 2 6 .0 6 7 5 .9 2 9 6 .8 0 2 9 6 .6 7
30 2 5 .0 0 4 6  2 188 20 2 6 4 7 4 9 .3 1 9 0 .0 0 25 91 48  5 190 .80 189 .67
0 2 5 .1 5 59  7 2 4 1 .9 0 2 5 .3 5 6 2 .2 2 5 0 .1 0 25  00 5 9 .4 2 4 2  20 2 4 4 .7 3

0.5 10 2 5 .2 0 6 1 .0 2 4 6 .8 0 2 6 .01 61 .5 2 4 1 .2 0 2 5 .8 0 6 4 .9 2 5 6 .3 0 2 4 8 .1 0
20 2 5 .81 52.1 2 0 5 .9 0 25  91 50 .8 2 0 0 .0 0 25 .91 50.3 197 .70 2 0 1 .2 0
30 2 6 .0 0 4 8 .0 1 88 .20 2 5 .7 5 45  9 181 60 2 5 .5 5 4 5 .5 181 .60 183 .80
0 2 5 .7 6 3 1 .4 1 24 .30 2 5 .3 0 3 1 0 125 00 2 5 .7 5 4 4  7 177 .10 142.13

0 .6 10 2 8 .0 0 6 0 .8 2 2 1 .5 0 2 6  3 7 56  6 2 1 8 .7 0 26 .31 59  7 2 3 1 .2 0 2 2 3 .8 0
20 2 5 .5 0 52  7 2 1 0 .5 0 2 5 .6 0 5 2 .7 2 1 0 .0 0 2 5 .4 5 54.1 2 1 6 .7 0 2 1 2 .4 0
30 2 6  16 3 9  1 1 5 2 .4 0 2 5 .5 0 3 8 .7 154 60 25 81 4 2 .5 167 .90 158 .30
0 2 6 .1 6 19.8 77 .13 25  4 0 18 0 7 2 .3 3 26 .31 19.3 74 .93 7 4 .8 0

0 .7 10 2 6  26 4 4 .4 1 7 2 .4 0 25  6 0 4 1 3 16 4 .6 0 25  76 39  2 155 .30 164 .10
20 25 60 3 7 7 1 5 0 .0 0 2 5 .4 5 37.1 14 8 .7 0 2 5 .8 6 42 .3 166 90 1 55 .20
30 25 30 30  9 1 2 4 .6 0 25  50 3 2 .0 12 7 .8 0 2 5 .8 6 3 5 .6 140 .30 1 30 .90

Os



Table 1-7 Compressive strength of BFA-cement mortar with difference percent replacement and w/c ratio at 3-days curing time

________ S p e c im e n  n u m b e r  1_________________S p e c im e n  n u m b e r  2________________ S p e c im e n  n u m b e r  3________  M e a n  o f
P e rc e n t A re a  C o m p re ss iv e  A re a  C o m p re s s iv e  A re a  C o m p re ss iv e  c o m p re ss iv e

พ  c ra tio  re p la c e m e n t (c m 2) ________s tre n g th _______  (c m 2) ________s tre n g th _______  (c m 2) _______ stre n g th _______  s tre n g th
k N k sc k N k sc k N k sc (k sc )

0 25 .81 7 1 .6 2 8 2 .8 0 25 .81 70 .5 2 7 8 .6C 25 .81 7 3 .0 2 8 8 .2 0 2 8 3 .2 0

0 .4 10 25  96 7 3 .9 2 9 0 .3 0 2 5 .5 0 7 1 .7 2 8 6 .6 0 25  81 77  6 3 0 6  30 2 9 4 .4 0
20 25 91 6 8 .8 2 7 0 .7 0 25  81 7 0 .9 2 8 0 .1 0 25 80 69  7 275  20 2 7 5 .3 3
30 2 5 .6 0 3 9  6 157  80 2 6  01 39.1 1 5 3 .3 0 2 5 .4 5 4 0 4 161 .70 1 57 .60
0 25  65 6 0 .9 241 90 25  50 6 2 .6 2 5 0 .1 0 2 5 .7 0 61 1 2 4 2 .2 0 2 4 4 .7 3

0 .5 10 2 5 .1 5 5 4 .0 2 1 8 .7 0 26 .11 56  6 221 00 2 5 .2 0 5 5 .6 2 2 5 .1 0 2 2 1 .6 0
20 25 .91 48  5 1 9 0 .9 0 2 5 .5 0 4 7  8 19 0 .9 0 25 65 52  5 2 0 8 .8 0 1 96 .87
30 2 6 .5 7 4 6 .5 1 7 8 .3 0 2 5 .8 0 45  3 179 00 25  30 4 2  1 169 .50 175 60
0 2 6  31 32 .1 1 2 4 .3 0 26 .31 32 .3 12 5 .0 0 25 30 4 4  0 177 .10 142.13

0 .6 10 2 8 .9 0 3 4 .4 12 1 .2 0 2 6 .3 7 3 0 .7 118 70 26  57 3 2 .8 1 25 .70 1 2 1 .8 7
20 25 70 3 6 .5 14 4 .6 0 2 5 .8 0 3 5 .7 14 1 .2 0 2 6 .0 6 35 2 137 .80 1 4 1 .2 0
30 26  31 21 3 8 2 .7 0 25  50 2 1 .6 8 6 .3 0 2 6 .5 2 2 2 .5 8 6 .6 0 8 5 .2 0
0 26  32 19.9 7 7 .1 3 2 5 .3 0 18.0 72  33 26  05 19 2 74  93 7 4 .8 0

0 .7 10 26  4 2 2 8 .7 1 1 0 .8 0 25  05 28  4 11 5 .6 7 25 50 29 .3 117.13 114.53
20 25 91 2 1 .7 8 5 .33 2 5 .6 0 20 .5 8 1 .8 0 25 50 21 2 8 4 .8 7 8 4 .0 0
30 25 86 2 2 .9 90  20 2 5 .9 5 2 2 .6 8 8 .8 0 25 86 2 4  2 95 40 91 47
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Table 1-8 Compressive strength of BFA-Pb-cement mortar with difference percent replacement and w/c ratio at 3-days curing time

S p e c im e n  n u m b e r l_________________S p e c im e n  n u m b e r  2________________ S p e c im e n  n u m b e r 3________  M e a n  o f
P e rc e n t A re a  C o m p re s s iv e  A re a  C o m p re ss iv e  A re a  C o m p re ss iv e  c o m p re ss iv e

พ  c  ra tio  re p la c e m e n t (c m 2) _______ s tre n g th _______  (e ra2) _______ s tre n g th _______  ( cm 2) _______ s tre n g th _______  s tre n g th
k N k sc k N k sc k N k sc (k sc )

0 2 5 .7 6 7 1 .5 2 8 2 .8 0 2 5 .6 5 70.1 2 7 8 .6 0 2 6 .0 6 7 3 .7 2 8 8 .2 0 2 8 3 .2 0

0 .4 10 2 6 .01 7 5 .2 2 9 4 .7 0 2 5 .7 0 7 5 .4 2 9 9 .1 0 2 5 .4 5 7 4 .2 2 9 7 .2 0 2 9 7  00
20 2 5 .3 0 6 7 .5 271 80 2 5 .3 0 6 9 .8 2 8 1 .3 0 2 6 .0 6 69 .8 2 7 2  90 2 7 5 .3 3
30 26  16 4 1 .7 1 62 .60 2 5 .9 6 4 0 .8 1 60 .10 25  00 4 0 .9 166 .90 163 20
0 2 5 .6 5 6 0 .9 2 4 1 .9 0 25 45 6 2 .4 2 5 0 .1 0 26 .21 62  3 2 4 2 .2 0 24 4 .7 3

0 .5 10 25 35 5 3 .9 2 1 6 .8 0 26 .21 58.1 2 2 5 .8 0 2 5 .1 5 56 .7 2 2 9 .7 0 2 2 4 .1 0
20 2 5 .4 0 4 9 .4 1 98 .30 25 25 48  7 1 96 .80 25  10 51 .6 2 0 9  70 2 0 1 .6 0
30 2 6 .0 6 4 4 .5 1 74 .10 2 6 .3 2 4 4 .0 1 7 0 .5 0 25 .81 4 2 .9 169 60 171 .40
0 2 6 .1 6 3 7 .0 1 4 4 .3 0 2 6 .1 6 3 7 .2 1 4 5 .0 0 2 6 .2 6 35 .3 1 37 .09 142.13

0 .6 10 2 6 .6 3 3 1 3 1 1 9 .9 0 2 6 .1 6 3 0  3 118 00 25  60 32.1 127 .70 1 21 .87
20 2 5 .5 5 3 5 .9 1 4 3 .2 0 25 60 3 5 .4 1 4 0 .8 0 25 .91 3 6 .2 1 42 .30 1 42 .10
30 25 45 19 9 7 9 .6 0 2 5 .3 0 2 0 .0 8 0 .6 0 2 6 .3 6 2 0  9 8 1 .0 0 8 0 .4 0
0 2 6 .1 6 19.8 7 7 .1 3 2 5 .8 6 18.3 7 2 .3 3 2 5 .5 5 18.8 74  93 74  80

0 .7 10 26 .11 2 8 .8 1 12 .40 26  00 3 0 .0 1 17 .50 25  15 2 9  0 117 .50 1 15 .80
20 2 5 .8 0 2 0 .6 81 .33 2 5 .7 5 2 0 .5 81 .33 2 5 .4 0 21 3 85 .43 8 2 .7 0
30 2 5 .5 5 2 2 .6 90  33 2 5 .8 5 2 2 .4 8 8 .4 0 2 5 .3 0 18.1 7 2 .9 7 8 3 .9 0
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Table 1-9 Compressive strength of BFA-Cr-cement mortar with difference percent replacement and w/c ratio at 3-days curing time

S p e d m en  n u m b e r l S p e c im e n  n u m b e r  2 S p ec im en  n u m b e r 3 M e a n  o f

w /c  ra tio P e rc e n t
re p la c e m e n t

A re a
(c m 2)

C o m p re ss iv e
s tre n g th

A re a
(c m 2)

C o m p re ss iv e
s tre n g th

A re a
(c m 2)

C o m p re ss iv e
s tre n g th

c o m p re ss iv e
s tre n g th

kN k sc k N k sc k N k sc (k sc)
0 2 5 .7 0 71.3 2 8 2 .8 0 2 5 .9 6 7 1 .0 2 7 8 .6 0 2 5 .9 6 7 3 .4 2 8 8 .2 0 2 8 3 .2 0

0 .4 10 2 5 .9 6 76.1 2 9 8 .8 0 25  50 72 .3 2 8 9  00 25 .81 78  4 3 09  50 2 9 9 .1 0
20 2 5 .8 6 69  5 273 90 25  91 70  0 2 7 5 .5 0 2 5 .5 5 65 5 2 6 1 .5 0 2 7 0 .3 0
30 25 60 40.1 159 70 26  01 39  6 1 5 5 .3 0 2 5 .4 5 4 1 .2 165 00 160 .00
0 2 5 .6 5 6 0 .9 2 4 1 .9 0 2 5 .4 5 6 2 .4 2 5 0 .1 0 2 6  01 61 .8 2 4 2  20 24 4 .7 3

0.5 10 2 5 .1 5 54 .7 2 2 1 .6 0 26 .11 58.5 2 2 8  30 2 5 .2 0 56 .2 2 2 7  50 2 2 5 .8 0
2 0 2 5 .4 0 4 7 .0 188 60 25 55 48  7 1 9 4 .2 0 2 5 .1 0 4 6  9 190 .50 191.10
30 26  57 44  9 1 7 2 2 0 25 80 4 4 .7 176 80 2 5 .3 0 44.1 177 .80 175 .60
0 2 6 .6 2 3 7 .4 143 30 26  00 36  2 1 4 2 .0 0 2 5 .6 0 3 5 .4 141 09 142 .13

0 .6 10 2 8 .9 0 34  9 123 .10 2 6  37 3 1 5 121 80 2 6  57 3 1 7 121 .70 122 .20
20 2 5 .91 3 6 .8 144 60 25  70 3 5 .9 1 4 2 .3 0 2 6 .21 3 6 .9 143 .70 143 .53
30 2 6 .31 2 1 .4 8 3 .0 0 25  50 20 .3 8 1 .3 0 2 6 .5 2 2 0 .6 7 9 .3 0 8 1 .2 0
0 26  37 2 0 .0 77  13 2 5 .6 0 18.2 7 2  33 2 5 .8 5 19.0 74 .93 74  80

0 .7 10 2 6 .4 2 2 9 .7 114 .50 25  05 27  2 1 1 0 .8 0 2 5 .5 0 2 6 .8 107 .10 110 .80
20 26  01 2 2 .2 8 6 .9 0 26 .01 2 2 .5 8 8 .2 0 2 6  11 20  3 7 9 .3 0 8 4 .8 0
30 2 5 .8 6 2 3 .6 93 10 2 5 .9 5 23 3 9 1 .5 0 2 5 .8 6 2 3 .6 93 20 9 2 .6 0

249



A p p en d ix  J

R e g re ss io n  A n a ly s is
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Regression Analysis

1. Definition

T h e  eq u a tio n  m ay  b e  an  em p irica l m odel (s im p le  d e sc r ip tiv e )  o r  m ech an is tic  
m o d e l (b a sed  on  fu n d am en ta l sc ien ce). A  re sp o n se  v a r ia b le  o f  d e p e n d e n t v a riab le  (y) 
has b e e n  m easu red  a t severa l se ttin g s  o f  o n e  o r m o re  in d e p e n d e n t v a riab le  (x), a lso  
ca lled  in p u t v ariab les , reg re sso rs , o r  p re d ic to r  v ariab le . R e g re s s io n  is th e  p ro c e ss  o f  
f ittin g  an  eq u a tio n  to  th e  data . S o m etim es, re g re ss io n  is ca lled  cu rv e  f ittin g  o r 
p a ra m e te r  estim atio n . R e g re ss io n  an a ly sis  is a  s ta tis tica l te c h n iq u e  th a t is v e ry  u se fu l 
fo r  th e se  ty p es  o f  p ro b lem s (M o n tg o m ery , e t al., 1997; T a y lo r  and  C ihon , 2000 ; 
B e rth o u e x  and B ro w n , 2000).

2. Linear Empirical Relationships

L in ea r re la tio n sh ip s  a re  o f  th e  form : Y  =  a + b x

E x p e rim e n te rs  lo n g  h av e  em p h asized  th a t th e  s im p le s t re la tio n sh ip  is th e  one 
th a t  sh o u ld  be  u sed , and th a t m o s t o ften  is a s tra ig h t line. T h e  p ro b le m  o f  se lec tio n  o f  
th e  fu n c tio n  fo r u se  is co m p lic a te d  as th e  n u m b er o f  d a ta  p o in ts  decrease . D a ta  w ith  
c o n s id e ra b le  v a riab ility  a lso  co m p lic a te  d ec is io n  in  th a t  a p p a re n t cu rv a tu re  can  arise  
d u e  to  ch an ce  v a ria tio n s  (B e rth o u e x  and  B ro w n , 2000 ; G in e v a n  and  S p lits to n e , 2004).

3. Nonlinear Empirical Relationships

A n y  d a ta  m ay be  fitted  w ith  a p o w e r  series o f  th e  p ro p e r  o rd er. B y th is  is 
m e a n t an  e x p re ss io n  o f  th e  form : Y  =  a  +  b x  +  cX 2 +  d x 3 + ......

O n ly  th e  m in im u m  n u m b e r o f  p o w e r  te rm s n e c e ssa ry  to  g iv e  an  acc e p tab le  fit 
sh o u ld  b e  u sed . O f  c o u rse , a  p erfec t fit w o u ld  b e  o b ta in ed  i f  ท d a ta  p o in ts  w e re  fitted  
w ith  a  p o w e r  series in  w h ic h  th e  la rg e s t e x p o n en t w a s  ท -1. H o w ev e r, th e  re su ltin g
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e q u a tio n  co u ld  g iv e  s tran g e  v a lu es  a t p o in t in te rm ed ia te  to  th o se  fitted  (B e rth o u e x  and 
B ro w n , 2 0 0 0 ; G in e v a n  and  S p lits to n e , 2004).

4. Linear and Nonlinear Models

T h e  re g re s s io n  m odel m ay  be  a s im p le  fo n c tio n  w ith  o n e  in d e p e n d e n t v ariab le , 
o r  it m ay  h av e  m an y  in d ep en d en t v a riab le s  w ith  h ig h e r-o rd e r  and  n o n lin e a r  te rm s 
(K o tte g o d a  and  R o sso , 1997; T ay lo r and  C ihon , 2 0 0 0 ; B e r th o u e x  an d  B ro w n , 2000), 
as in  th e  e x a m p le s  g iv en  below .

L in e a r  m o d e ls: ไ] =  Po +  PiXi +  P2X2 +  P 2X1X2

N o n lin e a r  m o d e ls : ไ] =  exp ( -9 x i)  (1-X2)02



E ffe c t  o f  B u ffe r  o n  R e m o v a l E ff ic ie n c y

Appendix K



Table K-l Removal of Pb at different initial concentration and solution pH by bagasse (Bagasse dose 1.0 g/L, volume of sample 50 mL, shaking
speed 125 rpm, contact time 60 min and room temperature) at 99.50 % Confidence Level

In itia l p ro p e r tie s  o f  
so lu tio n

F in a l p ro p e r tie s  o f  so lu tio n %  R e m o v a l
P -v a lu e M e a n in g

C o n c .(m g /L ) p H N o  b u ffe r A d d  b u ffe r - N o  b u ffe r A d d  b u ffe rC o n c .(m g /L )  ±  SD p H C o n c .(m g /L )  ±  SD p H
10.213 1.02 10 .213  ±  0 .0 2 7 1.05 10 .143  ± 0 .0 0 8 0 .9 9 1 .359 2 .0 3 5 0 .013 N o  d if f
39  0 1 4 1.01 39  0 1 4  ± 0 .0 7 3 0 97 3 8 .8 5 9  ±  0 0 92 0 .98 2 .1 3 7 2 .5 2 5 0 083 N o  d if f
9 9 .2 4 8 1 .00 9 9 .2 4 8  ± 0 .1 0 2 1 .00 9 8 .8 3 2  ± 0 .1 6 6 0 .9 9 2 .0 3 8 2 .4 4 8 0 021 N o  d if f
10 081 2 .01 10.081 ± 0  007 1.94 10 0 6 2  ± 0 .0 0 5 1.98 2 .6 3 6 2 .8 1 9 0 .0 1 8 N o  d if f
3 8 .3 1 4 2 .0 2 38  3 1 4  ±  0 .085 1.96 38  525  ± 0 .1 0 4 1.98 3 .8 9 4 3 .3 6 4 0 .053 N o  d if f
9 7 .7 8 0 2.01 97  7 8 0  ± 0  053 1 97 9 7 .4 4 8  ± 0 .1 6 6 1 99 3 .4 8 6 3 814 0 .0 3 0 N o  d if f
7 .4 2 7 3 02 7 .4 2 7  ±  0 .025 3.01 7 .2 0 1  ±  0 .075 2 99 2 8 .2 6 5 3 0 .4 5 7 0 007 N o  d if f

3 6 .0 4 9 3 00 3 6 .0 4 9  ± 0 .1 3 6 3 01 3 6 .5 0 3  ± 0 .0 4 4 3 01 9 .5 7 5 8 .4 3 6 0 005 N o  d if f
87  3 1 2 3 00 87 3 1 2  ± 0  2 9 6 3 02 89  6 1 0  ± 0  4 4 0 2 .9 8 13 .8 1 8 1 1 .5 5 0 0 011 N o  d if f

N o ta tio n : N o  d if f  re fe rre d  to  no  d if fe re n c e  b e tw e e n  no  b u f fe r  a n d  a d d  b u ffe r  (P -v a lu e  >  0 .0 0 5 )

toÇ/ไ



Table K-2 Removal of Pb at different initial concentration and solution pH by bagasse fly ash (Bagasse fly ash dose 0.5 g/L, volume of sample
50 mL, shaking speed 125 rpm, contact time 60 min and room temperature) at 99.50 % Confidence Level

In itia l p ro p e r tie s  o f  
so lu tio n

F in a l p ro p e r tie s  o f  so lu tio n %  R e m o v a l
P -v a lu e M e a n in g

C o n c .(m g /L ) p H N o  b u ffe r A d d  b u ffe r A d d  b u ffe rC o n c .(m g /L )  ±  SD p H C o n c .(m g /L )  ±  SD TT N o  b u tte r  p H
10 .213 1.02 1 .597  ± 0 .0 5 9 1.423 ± 0 .0 4 0 8 4 .5 7 9 8 6 .2 5 6 0 .0 1 4 N o  d if f
3 9 .0 1 4 1.01 1 8 .4 0 4  ± 0 .1 2 0 1 7 .908  ± 0 .1 1 2 5 3 .8 3 6 5 5 .0 8 0 0 .0 0 6 N o  d if f
9 9 .2 4 8 1.00 9 1 .1 7 7  ±  0 3 1 7 8 0 .9 9 6  ± 0 .3 7 7 10 .003 2 0 .0 5 3 3 .6 4 E -0 6 D if f
10.081 2.01 1.101 ± 0 .0 3 2 1.203 ±  0 .0 3 4 89  3 6 9 88 385 0 .0 2 0 N o  d if f
3 8 .3 1 4 2 .0 2 1 5 .9 8 4  db 0 .1 5 5 1 5 .3 3 4  ±  0 .193 59  9 0 7 6 1 .5 3 6 0 0 10 N o  d if f
9 7  7 8 0 2 01 77  598  ± 0 .3 3 7 7 5 .9 5 7  ± 0 .0 2 6 2 3 .4 0 7 25  0 26 0 159 N o  d if f
7 .4 2 7 3 .0 2 0 .4 0 4  ± 0 .0 0 5 0 .5 5 5  ± 0 .0 4 0 96  101 9 4 .6 4 3 0 .761 N o  d if f

3 6 .0 4 9 3 .0 0 2 .8 0 9  ± 0  0 7 0 4 .0 5 2  ± 0  166 92  955 8 9 .8 3 7 0 0 07 N o  d if f
87  3 1 2 3 .0 0 9 .9 6 4  ± 0 .1 8 5 1 6 .228  ± 0 .2 9 8 90  165 8 3 .9 8 2 0 .0 0 5 N o  d if f

N o ta tio n : N o  d if f  re fe rred  to  no  d if fe re n c e  b e tw e e n  no  b u ffe r  and  add  b u ffe r  (P -v a lu e  >  0 .0 0 5 )  
D if f  re fe rred  to  d if fe re n c e  b e tw e e n  no  b u ffe r  an d  ad d  b u f fe r  (P -v a lu e  <  0 .0 0 5 )

K>Lr\น̂



Table K-3 Removal of Cr at different initial concentration and solution pH by bagasse (Bagasse dose 1.0 g/L, volume of sample 50 mL, shaking
speed 125 rpm, contact time 60 min and room temperature) at 99.50 % Confidence Level

In itia l p ro p e r tie s  o f  
so lu tio n

F in a l p ro p e r tie s  o f  so lu tio n %  R em o v a l
P -v a lu e M e a n in g

C o n c .(m g /L ) p H N o  b u ffe r A d d  b u ffe r - N o  b u ffe r A d d  b u ffe rC o n c .(m g /L ) ±  SD p H C o n c .(m .g /L ) ±  SD p H
9 .9 9 7 0 .98 8 .0 7 8  ± 0 .0 1 6 1.02 7 .9 2 8  ± 0 .0 3 5 0 .9 8 19 .1 9 4 20 .6 9 3 0 .1 4 6 N o  d if f

4 0 .2 3 1 0 99 3 2 .0 7 3  ± 0 .0 5 0 1 01 3 2 .4 4 8  ±  0 .0 4 4 1.00 2 0 .2 7 8 1 9 .346 0 134 N o  d if f
9 9 .7 9 4 0 .98 83 3 78  ± 0 .5 2 8 1.02 8 2 .571  ± 0 .3 4 1 0 99 16 .4 5 0 17 2 58 0 .0 9 0 N o  d if f
9 .9 9 7 2 .0 0 8 .2 8 2  ± 0 .0 0 7 1.97 8 .2 8 6  ± 0 .0 1 0 1 95 17 .1 6 0 17 .110 0 .5 3 0 N o  d if f

4 0 .2 3 1 2.01 3 3 .7 2 9  ± 0 .0 3 8 1.94 33 3 9 2  ± 0 .0 1 2 1 94 16 .1 6 2 16 9 99 0 .0 5 6 N o  d if f
9 9  7 9 4 2 .0 0 86  2 78  ± 0 .0 9 2 1.95 86 0 4 6  ± 0  179 1 9 6 13 .5 4 4 13 .776 0 .1 1 6 N o  d if f
9 .9 9 7 3 .01 8 .4 6 7  ± 0 .0 0 8 3 .05 8 .4 6 7  ± 0 .0 1 1 3 02 15 .3 0 9 15.303 0 .943 N o  d if f

4 0 .2 3 1 3 .0 0 3 4 .2 4 4  ± 0 .0 5 7 3 .0 4 3 4 .2 3 4  ± 0 .0 2 7 3 03 14 .881 14 9 07 0 .7 9 2 N o  d if f
9 9  7 9 4 3.01 8 6 .6 2 9  ± 0 .0 6 8 3 .05 8 6 .6 1 3  ± 0 .2 0 9 3 02 13 .1 9 2 13 .208 0 .9 0 6 N o  d if f

N o ta tio n : N o  d if f  re fe rre d  to  no  d if fe re n c e  b e tw e e n  n o  b u ffe r  an d  ad d  b u ffe r  (P -v a lu e  >  0 .0 0 5 )

toLnON



Table K-4 Removal of Cr at different initial concentration and solution pH by bagasse fly ash (Bagasse fly ash dose 0.5 g/L, volume of sample
50 mL, shaking speed 125 rpm, contact time 60 min and room temperature) at 99.50 % Confidence Level

In itia l p ro p e r tie s  o f  
so lu tio n

F in a l p ro p e r tie s  o f  so lu tio n %  R e m o v a l
P -v a lu e M e a n in g

C o n c .(m g /L ) p H N o  b u ffe r A d d  b u ffe r - N o  b u ffe r A d d  b u ffe rC o n c .(m g /L )  ±  SD p H C o n c .(m g /L )  ±  SD p H
9 .9 9 7 0 .9 8 2 .9 4 9  ± 0 .0 2 1 1.01 2 .9 5 0  ±  0 .0 2 4 1.00 7 0 .5 0 0 7 0 .4 9 6 0 .983 N o  d if f

40 .2 3 1 0 .9 9 2 9 .0 0 8  ± 0 .1 8 7 1.01 2 9  0 3 4  ±  0 .061 1.00 2 7 .8 9 5 27  8 32 0 .8 3 4 N o  d if f
99  7 9 4 0 .9 8 8 3 .2 2 7  ± 0 .3 7 7 1.02 8 2 .8 5 8  ± 0  171 0 99 16.601 16.971 0 .1 9 8 N o  d if f
9 .9 9 7 2 .0 0 3 .7 4 6  ± 0 .0 4 5 2 .0 7 3 .7 0 4  ± 0 .0 2 3 2 04 6 2 .5 2 5 62  9 4 9 0 .2 2 0 N o  d if f

40 .2 3 1 2.01 2 9 .6 3 7  ± 0 .0 4 3 2 .0 6 2 9 .6 4 7  ± 0 .0 6 3 2 05 2 6 .3 3 2 2 6 .3 0 9 0 .8 4 2 N o  d if f
99  7 9 4 2 00 87  118 ±  0 353 2 08 87  114 ±  0 .2 7 0 2 04 1 2 .7 0 2 12 .7 0 6 0 .9 8 8 N o  d if f
9 .9 9 7 3 01 6 .9 4 5  ± 0 .1 0 1 3 09 6 .7 8 8  ± 0 .0 0 7 3 06 3 0 .5 3 0 3 2  0 9 7 0 .0 5 6 N o  d if f

4 0 .2 3 1 3 .0 0 33 .7 5 1  ± 0 .0 5 4 3 .0 8 3 3 .3 1 6  ± 0 .0 6 9 3 05 16 108 17 .1 8 9 0 .0 5 7 N o  d if f
9 9  7 9 4 3.01 9 0 .4 4 2  ± 0 .2 2 0 3 .0 8 8 9 .5 9 5  ± 0  102 3 .05 9 .3 7 2 10 2 2 0 0 .0 7 9 N o  d if f

N o ta tio n : N o  d if f  re fe rre d  to  no  d if fe re n c e  b e tw e e n  no  b u f fe r  an d  ad d  b u ffe r  (P -v a lu e  >  0 .0 0 5 )

น'ฯ -O



Appendix L

L an g m u ir-H in sh e lw o o d  m odel

(M issen , e t al., 1999, and  S a tte rfie ld , 1993)
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Langmuir-Hinshelwood model

C o rre la tio n s  o f  ra te  d a ta  m ay b e  so u g h t fo r  any  o f  sev e ra l p u rp o ses . T he 
p ro c e ss  e n g in e e r  m ay  w ish  to  d evelop  a  m o d e l fo r  a  sp e c if ic  re a c tio n  so as to  b e  able 
to  p re d ic t th e  e ffec t o f  re a c to r  o p e ra tin g  ch an g es  o n  p e rfo rm a n c e . A  s tu d y  o f  the 
d e ta ile d  k in e tic s  o f  o n e  p a rticu la r  re ac tio n  h as  b een  a  tra d itio n a l a p p ro a c h  to  o b ta in in g  
so m e  u n d e rs ta n d in g , ev en  th o u g h  in d irec t, o f  its  m ech an ism . R e g a rd le ss  o f  the  
o b je c tiv e , th e  in v e s tig a to r  d esires  a m a th em a tica l m o d e l to  re p re se n t th e  data.

T h e  tru e  m ech an ism  in all step  o f  re a c tio n  is n o t k n o w n  fo r  ev en  th e  s im p lest 
re ac tio n . T h e  c lo se r a  m odel re flec ts  ac tua lity , o f  c o u rse , th e  m o re  re liab le  it is, b u t an 
a tte m p t to  a llo w  fo r th e  co m p lex  n a tu re  o f  a h e te ro g e n e o u s  re a c tio n  m ay  easily  lead  to  
a  c o m p lic a te d  fo rm u la tio n  co n ta in in g  m an y  p a ra m e te rs  th a t m u s t b e  em pirica lly  
a d ju s ted . In  th is  e v en t th e  m odel lo ses th e o re tic a l ju s tif ic a tio n . I f  an  in d u stria l reac tio n  
p ro c e e d s  by  a  c o m p lex  and  little -k n o w n  m ech an ism , th e  p ro c e ss  e n g in e e r  m ay find  it 
a d e q u a te  to  u se  an  e ssen tia lly  em p irica l co rre la tio n .

In  m an y  cases  th e  ra te  o f  re ac tio n  o f  o n e  o r  m o re  c h e m iso rb e d  sp ec ies  app ears  
to  b e  th e  ra te - lim itin g  step , ra th er th an  ra te  o f  a d so rp tio n  o r  d e so rp tio n  as such. T he 
k in e tic  fo rm u la tio n s  b ased  on  th is  a ssu m p tio n  u su a lly  b e a r  th e  te rm  L an g m u ir- 
H in sh e lw o o d . T h e  a ssu m p tio n s  u n d e rly in g  th e  L a n g m u ir  a d so rp tio n  iso th erm  
(a d so rp tio n  w ith o u t re ac tio n ) are  re ta ined . T h e  a s su m p tio n s  are:

1. T h e  ad so rb ed  sp ec ies  a re  he ld  o n to  d e f in ite  p o in ts  o f  a tta c h m e n t on  the  
su rface . (T h is  im p lie s  th a t th e  m ax im u m  a d so rp tio n  p o ss ib le  co rre sp o n d s  to  a 
m o n o la y e r) . E ach  s ite  can  acco m m o d a te  on ly  o n e  ad so rb e d  sp ec ies .

2. T h e  d iffe ren tia l energ y  o f  a d so rp tio n  is in d e p e n d e n t o f  su rface  coverage . 
(T h is  im p lie s  th a t th e  su rface  is co m p le te ly  u n ifo rm  so  th a t  th e re  is th e  sam e 
p ro b a b ility  o f  a d so rp tio n  on  all sites. A  fu r th e r  im p lic a tio n  is  th a t  ad so rb ed  m o lecu les 
a re  lo ca liz ed ). A ttra c tiv e  o r  rep u lsiv e  fo rce s  b e tw e e n  a d ja c e n t ad so rb e d  m o lecu les  
an d  ta k e n  to  b e  n eg lig ib le , so th e  energ y  o f  a n  a d so rb e d  sp e c ie s  o r  th e  p ro b ab ility  o f
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ad so rp tio n  o n to  an  em p ty  site  a re  in d e p e n d e n t o f  w h e th e r  o r  n o t an  a d ja c e n t site  is 
occup ied .

L a n g m u ir-H in sh e lw o o d  is s e p a ra te d  to  5 ca se s  n am e ly ; 1) d eco m p o sitio n , 
p ro d u c ts  n o t ad so rb ed , 2) D eco m p o sitio n , p ro d u c ts  ad so rb ed , 3 ) B im o le c u la r  reac tion ,
4 ) A d so rp tio n /D e so rp tio n  w ith  d isso c ia tio n , and  5) a d so rp tio n  o f  tw o  g asses  on 
se p a ra te  sites. H o w ev er, th e  reac tio n  o f  th is  re se a rch  a s so c ia te d  w ith  firs t case. T he 
deta il o f  case  d eco m p o sitio n , p ro d u c ts  n o t ad so rb ed  as  fo llo w :

T h e  c o n cen tra tio n s  o f  a d so rb ed  sp ec ies  a re  th e re fo re  d e te rm in ed  by  ad so rp tio n  
e q u ilib ira  as g iv en  by  th e  L an g m iu r iso th e rm . R e a c tio n  is a ssu m e d  to  o c c u r  b e tw een  
ad so rb ed  sp ec ie s  o n  th e  ca ta ly st. I f  a s in g le  re a c tan t is d e c o m p o se d , th e  p ro c e ss  m ay 
b e  a ssu m ed  to  be  e ith e r u n im o le c u la r  o r b im o le c u la r , d e p e n d in g  on  th e  n u m b er o f  
p ro d u c t m o lecu le s  fo rm ed  p e r re a c tan t m o lecu le  an d  w h e th e r  o r  no t th e  p ro d u c ts  are 
ad so rb ed . In  case  1, a  sim ple  d e c o m p o s itio n  in  w h ic h  p ro d u c ts  a re  n o t ad so rb ed  is 
u su a lly  ta k e n  to  be  u n im o lecu la r.

C a s e  1: D eco m p o sitio n , P ro d u c ts  n o t ad so rb ed

A  k in e tic s  sch em e  fo r an  o v e ra ll re a c tio n  e x p re sse d  as

A (g ) ---------------------►  B (g )

W h e re  A  is a  g a s-p h ase  re a c tan t and  B a  g a s -p h a se  p ro d u c t, is as fo llow s:

A ( g ) --------- ^ ------ ►  A (su rfa c e  v ic in ity ) ; m a ss  tra n s fe r  (fa s t)  (1)

A (su rfa c e  v ic in ity ) +  ร o  A «s; a d so rp tio n -d e so rp tio n  (fast) (2 )

k
A *s ---------------------► - B (su rfa c e  v ic in ity )  +  ร; su rfa c e  re a c tio n  (s lo w ) (3)

kBg
B (su rface  v ic in ity ) >- B (g ); m ass tra n s fe r  (fa s t) (4)
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T h e  re a c tio n  ra te  is ta k e n  to  be  p ro p o rtio n a l to  th e  q u an tity  o f  a d so rb ed  A 
m o le c u le s . T hen ,

Here A(g) and B(g) denote reactant and product, kAg and kBg are mass-transfer
coefficients, ร is an adsorption site, and A«s is a surface-reaction intermediate. In this
scheme, it is assumed that B is not adsorbed.

-r  (m o les) /  ( tim e)(a rea) =  k0A

w h e re  0A is th e  fra c tio n  o f  th e  su rface  c o v e red  b y  a d so rb e d  sp e c ie s  A. T he 
v a lu e  o f  0A is g iv e n  by  th e  L an g m u ir ad so rp tio n  iso th erm :

0 a =  K P a /1 + K P a

C o m b in in g  th e se  tw o  equations,

-r  =  k K P A / 1 + K P a

I f  th e  sy s tem  fo llo w s th is m odel, th e  reac tio n  ra te  sh o u ld  b e  f irs t o rd e r  at 
su ff ic ie n tly  lo w  v a lu e s  o f  P a . A s P a increase , th e  o rd e r  o f  re a c tio n  sh o u ld  g rad u a lly  
d ro p  and  b e c o m e  z e ro  o rder. S im ilarly , th e  reac tio n  ra te  sh o u ld  be  f irs t o rd e r  i f  A  is 
w e a k ly  a d so rb e d -fo r  exam ple , K  is sm all-an d  ze ro  o rd e r  i f  A  is s tro n g ly  adso rbed . 
T h is  ty p e  o f  b e h a v io r  is in d eed  found  fo r a n u m b er o f  d e c o m p o s itio n s .
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A p p en d ix  M

Iso th e rm  E q u a tio n  A n aly sis  at D iffe ren ce  so lu tio n  p H  and  in itia l P b  c o n c e n tra tio n
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T a b le  M - l  A d so rp tio n  iso th e rm  eq u a tio n  d a ta  fo r  rem o v a l P b  b y  b a g a sse  at 
d iffe re n ce  so lu tio n  p H  and  in itia l P b  concen tra tio n .

p H C o
(m g /L )

C e
(m g /L )

X

(m g /L )
q

(m g /g )
1 /C e 1/q lo g  C e lo g q

1.02 4 .9 1 6 4 .8 8 9 0 .0 2 7 0.003 0 .205 3 6 9 .8 5 0 0 .6 8 9 -2 .5 6 8
1.01 1 0 .610 10 .434 0 .1 7 6 0 018 0 .096 5 6 .7 7 8 1.018 -1 .7 5 4
1.02 2 0 .5 0 8 20  157 0 351 0 0 3 5 0 .0 5 0 2 8 .5 1 5 1 .304 -1 .4 5 5
1.02 3 0 .1 2 5 2 9 .5 8 0 0 .5 4 5 0.055 0 .0 3 4 18 .340 1.471 -1 .263
1.05 4 1 .1 3 0 40  077 1.053 0 .105 0 .025 9 .4 9 7 1.603 -0  978
1.02 8 0 .6 2 0 7 8 .8 4 6 1 774 0 .177 0 013 5 .638 1 .897 -0 .751
2.05 4 .9 1 6 4 .7 8 6 0 .1 3 0 0.013 0 209 76 .761 0 .6 8 0 -1 .8 8 5
2 03 1 0 .610 10 .319 0 291 0 .029 0 .097 3 4 .3 9 8 1.014 -1 .5 3 7
2 08 2 0 .5 0 8 19 .962 0 .5 4 6 0 055 0 050 18.331 1 300 -1 .263
2 .02 3 0 .1 2 5 2 9 .2 6 9 0 .8 5 6 0 .086 0 .034 11.688 1.466 -1 .06 8
2.03 4 1 .1 3 0 39  929 1.201 0 .120 0 025 8 .3 2 6 1.601 -0  920
2 .02 8 0 .6 2 0 77  9 19 2 701 0 .270 0 .013 3.703 1 .892 -0 .5 6 9
3 04 4 .9 1 6 3 .358 1.558 0 .156 0 .298 6 .4 1 7 0 526 -0 .8 0 7
3 .16 10 .610 7 216 3 .3 9 4 0 .339 0 .139 2 .9 4 6 0 .8 5 8 - 0 4 6 9
3 .04 2 0 .5 0 8 17.865 2 .643 0 .264 0 .056 3 .783 1.252 -0 .5 7 8
3 .00 3 0 .1 2 5 2 7 .1 7 9 2 9 46 0 .295 0 037 3 .3 9 4 1.434 -0  531
3 .04 4 1 .1 3 0 3 7 .9 4 7 3 .183 0 318 0 026 3.141 1.579 -0 .4 9 7
3 01 8 0 .6 2 0 72 .171 8 .449 0 845 0 .0 1 4 1.184 1.858 -0  073
4 .06 4 .9 1 6 1.737 3 .1 7 9 0 .318 0 .5 7 6 3 .1 4 6 0 2 40 -0 .4 9 8
4 .0 4 1 0 .610 5 .2 9 9 5 311 0 531 0 .1 8 9 1.883 0 .7 2 4 -0  275
4 05 2 0 .5 0 8 13.133 7 .375 0 7 3 7 0 .0 7 6 1.356 1.118 -0 .1 3 2
4 01 3 0 .1 2 5 21 .0 7 5 9 .0 5 0 0 9 0 5 0 .0 4 7 1.105 1 .324 -0 .043
4.05 4 1 .1 3 0 2 9 .3 3 4 11 .796 1.180 0 034 0 .848 1 4 6 7 0 .0 7 2
4 03 8 0 .6 2 0 6 6 .0 5 2 14.568 1.457 0 .015 0 686 1 .820 0 .163
5 05 4 .9 1 6 1.040 3 .8 7 6 0 388 0.961 2 .5 8 0 0 0 17 -0 .4 1 2
5.03 1 0 .610 2.481 8 .1 2 9 0.813 0 .403 1.230 0 .3 9 5 -0  090
5.03 2 0 .5 0 8 7 .395 13.113 1.311 0 .135 0 .763 0 869 0 .118
5 .06 3 0 .1 2 5 13 .484 16.641 1.664 0 .0 7 4 0.601 1 .130 0.221
5 01 4 1 .1 3 0 2 0 4 2 9 20 .701 2 .070 0 .0 4 9 0 4 8 3 1.310 0 .3 1 6
5.03 8 0 .6 2 0 49 .501 3 1 .1 1 9 3 .1 1 2 0 .0 2 0 0.321 1.695 0 .493
6.03 4 .9 1 6 0 .2 3 7 4 .6 7 9 0 .468 4 .2 2 0 2 .1 3 7 -0 .6 2 5 -0 .3 3 0
5 .97 10.61 บ 1 856 8 .7 5 4 0.875 0 .5 3 9 1.142 0 .2 6 9 -0  058
6.03 2 0 .5 0 8 4 .573 15.935 1.593 0 2 1 9 0 628 0 .6 6 0 0 .2 0 2
6 04 3 0 .1 2 5 8 396 2 1 .7 2 9 2.173 0 119 0 4 6 0 0 .9 2 4 0 .3 3 7
6.03 4 1 .1 3 0 13 .256 2 7 .8 7 4 2 787 0 075 0 359 1 .122 0 4 4 5
6 02 8 0 .6 2 0 2 7 .6 6 9 52 .951 5 .295 0 .0 3 6 0 .1 8 9 1.442 0 .7 2 4
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Table M-2 Adsorption isotherm equation data for removal Pb by bagasse fly ash at
difference solution pH and initial Pb concentration.

pH Co
(mg/L)

Ce
(mg/L)

X
(mg/L)

q
(mg/g)

1/Ce 1 /q log Ce logq

1.02 5 .448 0 .4 2 4 5.024 0 .502 2 .3 5 8 1 .990 -0 .37 3 -0 .2 9 9
2 .02 5 .448 1 800 10.180 1.018 0 .5 5 6 0 9 82 0 .255 0 .008
3.01 5 448 5 .154 14.876 1.488 0 .1 9 4 0 .6 7 2 0 7 12 0 .1 7 2
4 .0 2 5 .448 10 .492 19 563 1.956 0 .095 0 .511 1.021 0.291
5.01 5 448 19 .702 23 .428 2 343 0.051 0 .4 2 7 1.295 0 .3 7 0
6 .00 5 .448 6 2 .3 8 4 18.236 1 824 0 .0 1 6 0 .5 4 8 1.795 0 261
1.05 11 .980 0 .2 8 2 5 .166 0 .517 3 .5 4 6 1 9 3 6 -0 .5 5 0 -0 .2 8 7
2 .00 11 .980 1.494 10.486 1.049 0 .6 6 9 0 .9 5 4 0 .1 7 4 0.021
3 00 11 .980 4 790 15.240 1 524 0 .2 0 9 0 656 0 .6 8 0 0.183
4 03 11 980 9 135 2 0 .9 2 0 2 .092 0 .1 0 9 0 4 7 8 0.961 0 3 2 1
5 .02 11 .980 17 .249 25 881 2 588 0 .058 0 386 1.237 0.413
6 02 11 .980 5 8 .1 3 0 2 2 .490 2 249 0 017 0 .4 4 5 1.764 0 .3 5 2
1.02 20  030 N D N C N C N C N C N C N C
2 01 2 0 .0 3 0 0 .8 0 9 11.171 1.117 1.236 0 .8 9 5 -0 .0 9 2 0 .048
3 .00 20  030 1.441 18.589 1.859 0 .6 9 4 0 .5 3 8 0 .1 5 9 0 269
4.01 2 0 .0 3 0 2 .763 27 292 2 729 0 362 0 .3 6 6 0.441 0 .4 3 6
5.03 20  030 4 .4 2 7 38 .703 3 .8 7 0 0 226 0 .2 5 8 0 .6 4 6 0 .588
6.01 20  030 13.545 6 7 0 7 5 6.708 0 .0 7 4 0 .1 4 9 1 .132 0 827
1 02 30  055 N D N C N C N C N C N C N C
2.02 3 0 .0 5 5 0 .2 6 7 11.713 1.171 3 .745 0 .8 5 4 -0 .57 3 0 .0 6 9
3 01 30  055 0 .7 0 8 19.322 1.932 1.412 0 .5 1 8 -0 .1 5 0 0 .2 8 6
4 .0 0 3 0 .055 1.272 28 .783 2 .878 0 .7 8 6 0 3 4 7 0 .1 0 5 0 .4 5 9
5.05 3 0 .0 5 5 1.986 4 1 .1 4 4 4 .1 1 4 0 .5 0 4 0 .243 0 298 0 .6 1 4
6 04 30  055 8 .805 71 .815 7 .1 8 2 0 114 0 .1 3 9 0 945 0 .8 5 6
1 0 1 43 130 N D N C N C N C N C N C N C
2 .0 2 4 3 .1 3 0 N D N C N C N C N C N C N C
3 .0 2 4 3 .1 3 0 0 .4 4 2 19.588 1.959 2 .2 6 2 0 .511 -0 .3 5 5 0 .2 9 2
4 03 4 3 .1 3 0 0 816 29 .239 2 .9 2 4 1.226 0 .3 4 2 -0 .0 8 8 0 .4 6 6
5 .00 4 3 .1 3 0 1 389 41.741 4 .1 7 4 0 720 0 .2 4 0 0 .143 0.621
6 01 4 3 .1 3 0 3 915 76 .705 7.671 0 255 0 .1 3 0 0 .593 0 .885
1.00 8 0 .6 2 0 N D N C N C N C N C N C N C
2 .0 2 8 0 .6 2 0 N D N C N C N C N C N C N C
3 01 8 0 .6 2 0 0 .3 1 2 19.718 1.972 3 .205 0 .5 0 7 -0 .5 0 6 0 .295
4 .0 0 8 0 .6 2 0 0 586 29 .469 2 .947 1.707 0 .3 3 9 -0 .2 3 2 0 .4 6 9
5 .04 80 620 1.059 42 .071 4 .2 0 7 0 .9 4 4 0 .2 3 8 0 .025 0 624
6 03 8 0 .6 2 0 1 471 79 .1 4 9 7 .915 0 680 0 .1 2 6 0 .1 6 8 0 .8 9 8

N D  re fe rred  to  n o n  d e tec tio n  (less  th an  d e tec tio n  lim it o f  e q u ip m e n t)  
N C  re fe rre d  to  can  n o t ca lcu la tio n
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Figure M .l  Iso th e rm  fo r rem o v al o f  P b (II)  on to  B ag asse  a t d iffe ren ce  so lu tio n  p H

Figure M .2  Iso th e rm  fo r  rem o v al o f  P b (II)  on to  B ag asse  fly  a sh  at d iffe ren ce  so lu tio n  
p H
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(a)

(b)

Figure M.3 Linearized (a) Langmuir and (b) Freundlich Isotherm of Pb(II) onto
Bagasse
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(a )

log Ce

(b)

Figure M.4 Linearized (a) Langmuir and (b) Freundlich Isotherm of Pb(II) onto
Bagasse Fly Ash
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