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Appendix A Extraction of chitin and chitosan from black tiger shrimp
Table A-I Exaction chitin from black tiger shrimp

Times ~ Black tiger shrimp (g) Chitin (g) % Chitin

1 20.00 5.26 26.30
2 20.00 541 21.05
3 35.00 13.70 3891
4 39.10 11.06 28.21
5 60.00 16.32 21.19
6 50.00 14,06 28.12
/ 50.00 14,08 28.16
8 50.00 14.80 29.60
9 50.00 1471 2942
10 50.00 1413 28.26
1 50.00 1355 21.10
12 45,00 1231 21.49
13 45.00 1225 21.22
4 50.00 1250 25.00
15 50.00 12.85 25.10
16 50.00 1301 26.02
1 50.00 1253 25,06
18 50.00 1255 25.10
19 50.00 22U 2442
Total 864.10 231.35

Average 12491287  27603.04



Table A-2 Extraction chitosan from chitin

Times

Total
Average

1

oy o1 B~ W o

/

Chitin (g)

20.00
10.10
12.36
35.00
35.00
45,00
45.00

202.46

Chitosan (g)
15.96
142
9.67
3040
317
36.81
36.82
168.25

Appendix B Resin and acitivated carbon adsorbents
Table B-I Solubility effect of chitin, chitosan, crosslinking chitosan with GLA,
blended chitosan/PVA resins and activated carbon

Solubility effect

0.1% acetic acid
0.1 % HCL

DI water

0.1 %NaOH
Buffer pH3
Buffer pH5
Buffer pH7
Buffer pH9

Chitin

Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble

Chitosan

Soluble

Soluble

Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble

Resins
Crosslinkin

chitosan with GLA
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble

163

% Chitosan

79.80
1347
18.24
86.86
89.06
81.80
81.62

61.58 +4.84

Blended
chitosan/PVA
Soluble
Soluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble

Activated carbon

Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
Insoluble
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Figure B-I Variation of Zeta potentials on pH of cutting fluids emulsion

pH 3 pH 5

Table B-2 Absorbent of cutting fluid

Concentration (% /)
0.000
0.025
0.050
0.100
0.200
0.500
1.000
2.000
3,000

pH 7

pH 9

Abs
0.000
0.012
0.029
0.054
0.106
0.262
0.515
0.938
1313

pH 11
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Appendix ¢ Chitin, chitosan, Crosslinking chitosan with GLA and blended
chitosan/PVA
Table C-I Solubility of bead adsorbents in acid, base and deionized water

0.1 % Acetic 01 % 0.1 %

Solubility acid Hel Deionized water N2OH
Chitin Insoluble Insoluble Insoluble Insoluble
Chitosan Soluble Soluble Insoluble Insoluble
Crosslinking chitosan with GLA Insoluble  Insoluble Insoluble Insoluble
Blended chitosan/PVA Soluble Soluble Insoluble Insoluble
Table C-2 Size of adsorbents
Adsorbents Size (mm)

Chitin 0.64

Chitosan 192

Crosslinking chitosan with GLA 2.18

Blended chitosan/PVA 1.70

Table C-3 Swelling of bead adsorbents

Adsorbents Swelling (percent)
Chitin 3.3
Chitosan 1483
Crosslinking chitosan with GLA 4,02
Blended chitosan/PVA 9.12

Table C-4 Moisture of bead adsorbents

Adsorbents Moisture (percent)
Chitin 5710+ 142
Chitosan 95.86 £2.39

Crosslinking chitosan with GLA 93.79 £2.16
Blended chitosan/PVA 98.19£0.76
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Table C-6 Viscosity of chitosan solution

Times Chitosan solution (% wiv) (cP)
1.2 % wiv 17 % wiv 2.0 % wiv 2'%)(0{%"/"
1 476 925 2571 356
2 499 1028 2517 367
3 479 943 2588 368
4 479 942 2554 370
5 479 1045 2573 3
6 479 945 2576 379
T 497 935 2541 301
8 485 966 25713 398
9 493 943 2564 399
10 47T 957 2577 398
Average 486.1 962.9 25714 380.3

Table C-7 Adsorption capacity (mg/g) of cutting fluids by chitosan and hlended
chitosan/PVA at cutting fluids concentration 0.1 % wiv and pH 3 of
motor stirrer

Time chitosan Blended chitosan/PVA
(min) 600 rpm 1200 rpm 2000 rpm  Blender 600 rpm 1200 rpm 2000 rpm  Blender
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 22.52 25.90 26.46 20.83 5.63 21.96 21.96 18.02
20 20.83 21.59 25.90 21.40 6.19 21.96 21.96 19.71
30 22.52 21.03 26.46 19.71 6.19 21.96 21.96 20.83
60 22.52 25.34 28.15 21.40 1.32 21.96 21.96 21.96
90 23.09 21.03 21.59 23.09 1.88 21.96 21.96 21.96
180 23.09 28.15 26.46 21.03 6.76 21.96 21.96 21.96
360 22.52 28.15 28.15 28.72 8.45 21.96 21.96 21.96
720 22.52 28.15 28.15 2815 1971 21.96 21.96 21.96
1440 21.96 28.15 28.15 2815 21.96 21.96 21.96 21.96
2880 21.96 28.15 28.15 2815 3378 21.96 21.96 21.96



Table C-8 Adsorption capacity (mg/g) of cutting fluids effect of chitosan concentration 1.2 - 2.2 % wiv

Chitosan concentration 1.2 % (wiv) Chitosan concentration 1.7 % (wiv) Chitosan concentration 2.0 % (wiv) Chitosan concentration 2.2 % (wiv)

Time

(min} Cutting fluids concentration % (wiv) Cutting fluids concentration % (wiv) Cutting fluids concentration % (w/v) Cutting fluids concentration % (wiv)

0.10% 050%  100% 3.00% 010% 050%  100% 3.00% 010% 050%  100%  3.00% 0.10%  0.50% 1.00% 3.00%

0 000 000 000 0.00 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00
5 1014 394 5011 7320 619 1802 10091 2646 788 113 80.52 2872 901 1239 13.20 1971
Kl 1024 45 5349 7320 901 2477 10529 2928 78 225 11937 318 9.01 845 18.21 21.96
45 1024 500 6025 7658 957 2590 10923 2984 845 225 12500 34.35 10.14 1182 83.33 1971
60 1070 507 6532 7995 1014 2928 10980 2872 957 338 126.69 3041 11.26 16.89 86.15 1633
90 070 732 7320 7995 1070 3097 11655 2872 957 2.82 12950 3718 11.26 19.14 91.22 23.65
120 1070 1070 7601 7770 1182 3266 11824 2815 957 338 136.26 3041 1182 2140 9.72 29.28
180 148 2027 &7 754 1239 491 12106 2815 104 1014 13345 36.60 1182 2140 10035 2984
240 1745 4054 8896 7264 1351 4336 1244 2759 1014 1070 13%4 3153 11.82 21.03 10417 29.28
300 1802 4673 9347 7320 1351 4673 12500 2703 1014 2815 13626 041 1239 30.97 108.11 3041
360 1856 5180 9572 7264 1464 5180 12500 2815 1408 3153 13739 21.03 14,64 322 110.36 29.84
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Figure C-1 Adsorption capacity of cutting fluids at concentration 0.1 % wiv and pH of
t chitosan, 1 crosslinking chitosan with GLA and | blended chitosan
PVA
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Figure C-2 Adsorption capacity of cutting fluids by chitin at pH 3 and cutting fluid
concentration 4 0.05 % wiv, 1 0.30 % wivand | 1.00 % wiv
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100
80

A
Oi 60

Figure C-4 Adsorption capacity of cutting fluids by chitin at cutting fluids

concentration ¢ 0.10 % w/v, 1 0.60 % w/vand A 1.00 % w/v;
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Figure C-5 Adsorption capacity of cutting fluids of chitosan concentration 1.20 %

wiv, pH 3 at cutting fluids concentration + 0.10 % wiv, 1 0.50 % wiv, A
100 % wivand . 3.00 % wiv
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100 % wivand « 3.00 % wiv
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10 % wiv and X3.00 % wiv
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Appendix D Physical properties of bead adsorbents from batch mode
Table D-I Solubility of bead adsorbents

Solubility 0.1 % Acetic acid 01 % HCL 01 % NaOH  Deionized water
Chitosan Soluble Soluble Insoluble Insoluble
Blended chitosan/PVA 1:1 Soluble Soluble Insoluble Insoluble
Blended chitosan/PVA 1:2 Soluble Soluble Insoluble Insoluble
Benzoyl chitosan Insoluble Insoluble Insoluble Insoluble
Quateraminated chitosan Insoluble Insoluble Insoluble Insoluble
CH-SDS Insoluble Insoluble Insoluble Insoluble
CH-C-Tab Soluble Soluble Insoluble Insoluble
CH-Tween 80 Soluble Soluble Insoluble Insoluble
BCH-SDS Insoluble Insoluble Insoluble Insoluble
BCH-C-Tab Soluble Soluble Insoluble Insoluble
BCH-Tween 80 Soluble Soluble Insoluble Insoluble

Table D-2 Size of bead adsorhents

Adsorbents Size (mm)

Chitosan 31
Blended chitosan/PVA L1 2.5
Blended chitosan/PVA 1:2 2.1
Benzoyl chitosan 24
Quateraminated chitosan 35
CH-SDS -

CH-C-Tab 2.3
CH-Tween 80 31
BCH-SDS |

BCH-C-Tab 2.0

BCH-Tween 80 2.0



Table D-3 Swelling of bead adsorbents

Adsorbents Swelling (percent)
Chitosan 28.33
Blended chitosan/PVA L1 29.38
Blended chitosan/PVA 12 21.13
Benzoy! chitosan 25.06
Quateraminated chitosan 2147
CH-SDS 24.52
CH-C-Tab 19.77
CH-Tween 80 6.77
BCH-SDS 30.58
BCH-C-Tab 15.80
BCH-Tween 80 2.08

Table D-4 Moisture content of bead adsorhents

Moisture content
Adsorbents (nercent)
Chitosan 95.86
Blended chitosan/PVA L1 98.19
Blended chitosan/PVA 1:2 96.21
Benzoy! chitosan 9322
Quateraminated chitosan 94.89
CH-SDS 12.28
CH-C-Tab 94.84
CH-Tween 80 96.09
CH-SDS 69.62
CH-C-Tab 95.49

CH-Tween 80 95.65



Table D-5 Pore diameter and surface area of bead adsorbents

Adsorbents Pore diameter ()  Surface area (m2g)
Chitosan 6.12 167
Blended chitosan/PVA L1 6.68 187
Blended chitosan/PVA 1.2 17.10 2.10
Benzoyl chitosan 5301 19
Quateraminated chitosan 50.28 1.%
CH-SDS 149 0.67
CH-C-Tab 8.25 0.13
CH-Tween 80 0.03 56.61
BCH-SDS 181 0.99
BCH-C-Tah 2.06 20.85
BCH-Tween 80 2.10 359

Table D-6 Contact angle of bead adsorbents
Adsorbents Contact angle (°)
Chitosan 24.99
Blended chitosan/PVA 11 19.71
Blended chitosan/PVA 12 24,98
Benzoyl chitosan 1.66
Quateraminated chitosan 2393
CH-SDS 12.88
CH-C-Tab 23.68
CH-Tween 80 22.26
BCH-SDS 1351
BCH-C-Tah 3041
BCH-Tween 80 26.88

180
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Table D-7 Zeta potential (mV) of cutting fluids, chitosan, blended chitosan/PVA 11

oH  cutting fluids ~ Chitosan Blengg}iAcql:tlosan/ BIeng(\e;jActhosan/
2 22.2 5.0 35.0 28.6
3 15 47.6 22.2 22.2
4 -11.5 349 171 150
) -84.1 22.2 159 110
6 -92.1 159 95 5.1
I -98.4 6.0 3.2 -55
8 92.1 -3.2 -3.2 -95
9 -98.4 95 -9.3 -12.1
10 -98.4 -13.3 -169 -159

il -101.6 -15.9 214 -22.2



Table D-8 Adsorption capacity (mg/g) of cutting fluids concentration 0.10 - 3.00 % wiv by chitosan, blended chitosan/PVA 11
and blended chitosan/PVA 1.2

10

20
30
45
60
90
120
180
240
300
360

0.10%
0.00
1351
15,77
16.89
16.89
18.02
19.14
21.40
21.40
21.40
20.21
20.27
20.27
20.27

Chitosan
Cutting fluids concentration % wiv

0.50 %
0.00
81.08
172.30
17455
177.93
179.05
18581
183.96
199.32
197.07
193.69
192,57
18581
183.96

1.00%
0.00
121.62
163.29
212,64
216.22
221.85
22148
22523
23311
236.49
235.36
231.61
239.86
231.61

3.00%
0.00
65.32
11.10
91.22
102.48
115.99
141.89
154.28
153.15
149.77
121.25
121.25
137.39
130.63

Blended chitosan/PVA 11
Cutting fluids concentration % wiv
0.10% 050%  1.00%  3.00%
000 0.0 0.00 0.00
3266 11036 11824  140.77
3491 18581 26464 23423
041 18694 36824  236.49
3041 18919 3927 22410
279 19032 39077 230.86
279 19144 39189 23536
4279 19032 40090 23761
4392 19257  407.66 24550
4842 18806 42005 25113
4130 19820 40203 25113
46.17 19144 38401 24775
4392 19257  3/85L 24212
4392 19482 38288 24212

0.10%
0.00
22.52
25.90
28.15
3041
32.66
32.66
33.18
33.78
34.91
3491
37.16
36.04

Blended chitosan/PVA 12
Cutting fluids concentration % wiv
050% 1.00% 300%
0.00 0.00 0.00
%72 14414 11230
9910 14977 18131
9797 17455 21059
11374 2308 21396
12387 23874 216.22
12950 24550  215.09
13288 26239  208.33
13964 28491 21284
14521 28153 21734
14077 28266 21284
13739 21928 21847
13514 21815 21284
13626 277.03 21059

33.18

0o
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Table D-9 Comparing adsorption capacity (mg/g) of cutting fluids concentration
1,00 % wiv, pH 3 by chitosan and blended chitosan/PVA 11

T Chitosan  Blended chitosan/PVA 11

(min)

0 0.00 0.00

5 121.62 11824
10 163.29 264.64
15 212.84 368.24
20 216.22 305.27
30 221.85 390.77
4h 22743 391.89
60 225.23 400.90
%0 23311 407.66
120 236.49 420.05
180 235.36 402.03
240 23161 384.01
300 239.86 38851
360 23161 382.88

Table D-10 Variation pH to adsorption capacity (mg/g) of cutting fluids
concentration 1.00 % wiv by chitosan and blended chitosan/PVA 1.1

pH Chitosan ~ Blended chitosan/PVA 11
3 45.0 5.0
5 9.0 120
1 10 9.0
9 100 110
il 9.0 8.0
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Table D-1I Time profile adsorption capacity (mg/g) of cutting fluids effluent at pH 3
By chitosan and blended chitosan/PVA 11

Time) Chitosan  Blended chitosan/PVA 11

(min

0 0.00 0.00

5 53491 613.74
10 652.03 674.55
15 65541 677.93
20 649.77 674.55
30 650.90 673.42
45 647.52 676.80
60 657.66 680.18
90 657.66 665.54
120 652.03 682.43
180 661.04 683.56
240 663.29 683.56
300 667.79 686.94

360 668.92 684.68



Table D-12 Zeta potential (mV) of cutting fluids, benzoyl chitosan and

quateraminated chitosan

cutti

ng fluids
2.2
15

-17.5
-84.1
921
-08.4
921
-98.4
-98.4
-101.6

Benzoyl chitosan

43.7
381
21.8
40
-3.2
0.9
-1.2
95

-173
-19.9

167

Quateraminated chitosan

28.6
16.9
98
0.5
-3.2
95
-103
95
95
121

Table D-13 Adsorption capacity (mg/g) of cutting fluids concentration 0.20 - 3.00 %

Time
(min)

0
15
30
60
0
120
180
240
360

wiv by benzoyl chitosan and quateraminated chitosan

0.20 %
0.00
2417
3491
50.68
67.57
16.58
97.64
97.64
97.64

Benzoyl chitosan
Cutting fluids concentration % wiv

1.00%
0.00
103.60
12387
125.00
132.68
136.26
150.90
165.54
179.05

2.00 %
0.00
11.26
28.15
90.09
97.97
11712
12387
125.00
128.38

3.00 %
0.00
55.18
84.46
105.86
121.25
128.38
12387
128.38
13063

0.20 %
0.00
21.03
2590
3941
1207
91.22
97.64
97.64
97.64

Quateraminated
Cutting fluids concentration % wiv

1.00 %
0.00
12162
153.15
181.31
199.32
208.33
214.11
304.05
350.23

2.00 %

0.00
11599
1717
197.07
236.49
25113
306.31
369.37
403.15

3.00 %
0.00
4130
59.68
109
84.46
119.37
180.18
23311
282.66
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Table D-14 Comparing adsorption capacity (mg/g) of cutting fluids concentration
1,00 % wiv, pH 3 by benzoyl chitosan and quateraminated chitosan

Time (min) ~ Benzoyl chitosan Quateraminated chitosan

0 0.00 0.00
15 103.60 121.62
30 12387 153.15
60 125.00 18131
90 132.68 199.32
120 136.26 208.33
180 150.90 20471
240 165.54 304.05
360 179.05 350.23

Table D-15 Variation pH to adsorption capacity (mg/g) of cutting fluids
concentration 1.00 % wiv by benzoyl chitosan and quateraminated

chitosan
pH Benzoyl chitosan Quateraminated chitosan
3 91.0 91.0

5 130 200
! 410 36.0
9 240 440
il 280 240
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Table D-16 Time profile adsorption capacity (mg/g) of effluent cutting fluids at pH 3
by benzoyl chitosan and quateraminated chitosan

Time
(min)

Table D-17 Zeta potential (mV) of cutting fluids, CH-SDS, CH-C-Tab

=
€I

O OO0 N O U1 &~ LW PO

SRS

0
5
10
15
20
30
45
60
90
120
180
240
300
360

Benzoyl chitosan

0.00
250.00
41779
53041
615.99
134.23
131.98
136.49
135.36
138.74
135.36
129.73
13311
735,36

and CH-Tween 80
i o
22.2 6.5
15 3.6
-115 40
-84.1 4.0
021 4.0
-98.4 4,0
-02.1 4.0
-98.4 19
-98.4 -22.2
-101.6 -34.4

Quateraminated chitosan

CH-C-Tab ~ CH-Tween 80
28.6 95
20.2 95
170 85
6.4 11
8.6 131
9.0 -19.7
115 -22.6
-149 221
-22.2 -22.2
244 -28.6

0.00
168.92
322.07
404.28
43761
590.09
108.33
131.98
735.36
135.36
135.36
135.36
735.36
135.36
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Table D-18 Comparing adsorption capacity (mg/g) of cutting fluids concentration
3.00 % wlv, pH 3 by CH-SDS, CH-C-Tah and CH-Tween 80

TIMe  CsDS  CH-C-Tdb  CH-Tween 80

(min)
0 0.00 0.00 0.00
5 819.82 1297.30 33.78

10 947.07 2382.88 176.80
15 112162 232545 2183.56
20 1591.22 2412.16 2340.09
30 1807.43 2439.19 234341
45 1962.84 2483.11 2343 47
60 2014.64 245495 2361.49
90 2182.43 2488.74 2359.23
120 2511.26 2462.84 2360.36
180 2512.39 2452.10 2393.02
240 2514.64 2476.35 240541
300 2515.17 2501.88 2422.30
360 2515.11 251464 2417.19



Table D-19 Adsorption capacity (mg/g) of cutting fluids concentration 0.10 - 3.00 % wiv by CH-SDS, CH-C-Tab and CH-Tween 80

Time
(min)

0
5
10
15
20
30
45
60
90
120
180
240
300
360

0.10%
0.00
113
9.01
2.25

49.55
0.00
1351
52.93
51.80
18.02
21.40
338
450
450

Cutting fluids concentration % wiv

0.50 %
0.00
55.18
115.99

352.48

375.00

390.77

403.15

407.66

405.41

408.78

407.66

408.78

409.91

406.53

CH-SDS

1.00 %
0.00
126.13
361.49
568.69
636.26
825.45
825.45
832.21
834.46
847.97
847.97
842.34
844.59
838.96

2.00 %
0.00
193.69
653.15
813.06
1049.55
1168.92
1514.64
1574.32
1725.23
1725.23
1725.23
1725.23
1725.23
1725.23

3.00%
0.00
819.82
947.07
1121.62
1591.22
1807.43
1962.84
2014.64
2182.43
2511.26
2512.39
2514.64
2515.77
2515.77

0.10%
0.00
5.63
12.39
9.01
14.64
12.39
18.02
21.40
14.64
16.89
20.27
19.14
28.15
25.90

CH-C-Tab

Cutting fluids concentration % wiv

0.50 %
0.00
139.64
130.63
114.86
127.25
111.49
168.92
163.29
121.25
113.74
208.33
150.90
140.77
130.63

1.00%
0.00
182.43
363.74
311.62
318.38
31387
312.75
32545
355.86
311.62
344.59
362.61
355.86
358.11

2.00 %
0.00
1398.65
1341.22
1389.64
1403.15
1412.16
1540.54
153491
1515.77
1638.51
1674.55
1674.55
1703.83
172297

3.00%
0.00
1297.30
2382.88
2325.45
2412.16
2439.19
248311
2454.95
2488.74
2462.84
2452.70
2476.35
2507.88
2514.64

0.10%
0.00
38.29
42.79
29.28
31.53
38.29
3491
46.17
36.04
45.05
31.53
33.78
32.66
2477

0.50 %
0.00
91.22
129.50
130.63
137.39
13851
141.89
153.15
157.66
15541
168.92
177.93
198.20
189.19

CH-Tween 80
Cutting fluids concentration % wiv

1.00%
0.00
385.14
496.62
561.94
680.18
683.56
693.69
691.44
709.46
704.95
116.22
699.32
12185
122.97

2.00 %
0.00
1117.12
1192.57
1270.21
1313.06
1318.69
1420.05
1328.83
1337.84
1350.23
1420.05
1454.95
1510.14
1503.38

3.00 %
0.00
33.78
176.80
2183.56
2340.09
234347
234347
2361.49
2359.23
2360.36
2393.02
240541
2422.30
2411.79



Table D-20 Variation pH to adsorption capacity (mg/g) of cutting fluids

concentration 3.00 % wiv by CH-SDS, CH-C-Tab and CH-Tween 80
pH

Table D-21 Time profile for adsorption capacity (mg/g) of cutting fluids effluent

3

5
!
9
il

CH-SDS
2516.0
849.0
1470
333.0
309.0

CH-C-Tab
2476.0
203.0

8.0
420
97.0

CH-Tween 80
2417.0
241.0
180.0
195.0
146.0

at pH 3 by CH-SDS, CH-C-Tah and CH-Tween 80

Time
(min)

0
5
10
15
20
30
45
60
90
120
180
240
300
360

CH-SDS

0.00
46.17
54.05
63.06
67.57
120.50
165.54
199.32
229.73
297.30
389.64
443.69
519.14
590.09

CH-C-Tab
0.00
269.14
266.89
268.02
256.76
242.12
266.89
261.26
257.88
266.89
28491
269.14
268.02
264.64

CH-Tween 80

0.00
298.42
297.30
2%6.17
306.31
307.43
311.94
329.95
329.95
326.58
324.32
32545
32545
326.58

192
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Table D-22 Zeta potential (mV) of cutting fluids, BCH-SDS, BCH-C-Tab and BCH-
Tween 80

pH
2
3
4
5
6
!
8
9

10
il

cutting fluids

2.2
15

-11.5
841
91
-98.4
91
-08.4
-98.4
-101.6

BCH-SDS
119
119
119
119
119
119
119
4.2

-134
-26.5

BCH-C-Tab

8.7
81

95

-113
-15.9
-16.8
-173
-22.2
-28.6
291

BCH-Tween 80
196
9.0
b4

-11.6
124
-15.9
-22.2
-23.0
-22.2
-28.6

Table D-23 Adsorption capacity (mg/g) of cutting fluids concentration 0.10 - 3.00 %

wiv by CH-SDS

Time

(min) o 10%
0 0.00
) 1.13
10 2.25
55 15,77
20 22.52
30 24.77
45 28.15
60 3041
90 33.78
120 38.29
180 37.16
240 32.66
300 33.78

360

36.04

CH-SDS

Cutting fluids concentration % wiv

0.50 %
0.00
216.22
260.14
308.56
375.00
400.90
40541
400.90
404.28
411.04
413.29
413.29
413.29
413.29

1.00%
0.00
336.71
447.07
459.46
53041
59347
108.33
134.23
T47.75
18491
816.44
837.84
842.34
846.85

2.00 %
0.00
206.08
183.78
668.24
04144
1032.66
108221
114414
1198.20
1283.78
1311.94
1391.89
1440.32
1472.91

3.00%
0.00
1072.07
1140.77
1471297
149.62
1506.76
1747.75
1865.99
193243
2064.19
2161.04
2202.70
224887
231081
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Table D-24 Variation of pH to adsorption capacity (mg/g) of cutting fluids
concentration 3.00 % wiv by BCH-SDS, BCH-C-Tah and BCH-Tween 80

pH BCH-SDS ~ BCH-C-Tab  BCH-Tween 80

3 2310.0

5 1360.0 416.0 4200
/ 1049.0 305.0 2%.0
9 931.0 218.0 1710
11 522.0 299.0 262.0

Table D-25 Time profile of adsorption capacity (mg/g) of effluent cutting fluids
at pH 3 by BCH-SDS, BCH-C-Tab and BCH-Tween 80

Tme  BeHSDS  BCH-C-Tab  BCH-Tween 8)

(min)

0 0.00 0.00 0.00
5 42.79 278.15 313.06
10 46.17 279.28 323.20
15 79.95 279.28 33559
20 48.42 28041 33221
30 87.84 217,03 349.10
45 135.14 28491 350.23
60 22148 299.55 344.59
0 303.02 28491 35,12
120 505.63 290.54 346.85
180 564.19 2817.16 329.95
240 610.36 28041 341.22
300 662.16 29167 351.35

360 692.57 290.54 33221
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Table D-26 Adsorption capacity (mg/g) of cutting fluids by chitosan and blended
chitosan/PVA 11 adding salt 0.01 M

Sl | Adsorbents |
Chitosan Blended chitosan 1:1
Non-adding 69.82 71.80
NaCl 13401 129.69
CaCl2 13457 133.82
Fe(N033 19.77 62.12
NazZ504 32.85 24,96
CaS04 36.60 39.98
FeS04 48,24 4411

Table D-27 Adsorption capacity (mg/g) of cutting fluids by benzoyl chitosan and
quateraminated chitosan adding salt 0.01 M

Sl _ Adsorbents | |
Benzoyl chitosan Quateraminated chitosan
Non-adding 9047 90.84
NaCl 132.70 132.88
CaCl2 13457 134,57
Fe(N03)3 83.15 92.34
Na2S04 51.24 65.32
CaS04 117.30 118.06

FeS04 86.90 134,57
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Table D-28 Adsorption capacity (mg/g) of cutting fluids by CH-SDS, CH-C-Tab and
CH-Tween 80 adding salt 0.01 M

Salts

Non-adding
NaCl
CaCl2
Fe(N033
Naz2504
CaS04
FeS04

14133
13457
13251
94.57
118.06
119.93
134.38

Adsorbents
CH-SDS  CH-C-Tab

61.19
133.07
13457
56.68
1583
85.59
132.32

CH-Tween 80

95.16
13457
130.82
64.56
14.32
18.21
13457

Table D-29 Adsorption capacity (mg/g) of cutting fluids by BCH-SDS, BCH-C-Tab

and BCH-Tween 80 adding salt 0.01 M
Adsorhents

Salts

Non-adding
NaCl
CaCl2
Fe(N033
Na2504
CaS04
FeS04

BCH-SDS  BCH-C-Tab  BCH-Tween 80

132.68
133.63
94.97
11693
118.06
13457
141.33

13345
132.32
52.93
40.92
58.37

13401
13457
48.80
61.75
10.57
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Table D-30 Adsorption capacity (mg/g) of cutting fluids adding salts NaCl and CaCb

concentration 0.01 - 0.05 M

Salts
Adsorbents

Chitosan
Blended chitosan/PVA 1:1
Benzoyl chitosan
Quateraminated chitosan
CH-SDS
CH-C-Tab
CH-Tween 80
BCH-SDS
BCH-C-Tab
BCH-Tween 80

non
69.62
1780
9047
90.84
141.33
61.19
95.16
132.68
13345
13401

001 M
13401
129.69
132.10
132.88
13457
133.07
13457
13363
132.32
13457

NaCl
0.05 M
138.14
138.14
138.14
138.14
138.14
4242
138.14
13701
135.14
18.96

CaCl2
00LM  005M
13457 1389
13382  138.14
13457  138.14
13457 136.64
1251 13814
13457 138.14
13082  138.14
9497 13814
593 13358
4880 137195



Appendix E Adsorption isotherms of adsorbents

Table -1 Adsorption isotherms of chitosan

v ads\évrgiegnhé%:n Volume ‘) (x/m) Langmuir Freundlich BET

o) (my  (mgh) (mglg) lic l(xIm) C xim CSC  cuesC)wmy  Cclcs
1 8000 50 83 73335 0.0917  0.01205 109 73335 0.0917  14667.0 0.062 0.0056
2 6000 50 51 72995 01217 0.00662 82 72095 01217  14599.0 0.085 0.0102
3 4000 50 511 71195  0.1780  0.00196 56 71195 04780 142390 0.202 0.0346
4 2000 50 984 68830  0.3442  0.00102 29 68830 03442  13766.0 0.208 0.0667

5 0 50 14750 0 0 14750.0



Table E-2 Adsorption isotherms of Blended chitosan/PVA L1

Weight of Volume (x/m) Langmuir Freundlich BET
VO adsorvents (ng)  emy (o) (O ngp) | l(xIm) C i CSC  cu(csC)wm)  C[CS
| 8000 50 60 4620 00058 00166667 1732 60 00058 924 11.244 0.0610
2 6000 50 83 4505 00075 00120482 1332 8 00075 90l 12,269 0.0843
3 4000 50 150 4170 00104  0.0066667 959 150 00104 834 17.252 0.1524
4 2000 50 240 3720 00186  0.0041667 538 20 00186 744 17.343 0.2439
5 1000 50 B 3265 00327 00030211 306 3 00327 653 15,525 0.3364

6 0 50 984 0 0.0010163 984 0



Table E-3 Adsorption isotherms of benzoyl chitosan

Weight of Volume (x/m) Langmuir Freundlich BET
VO adsorbents (ng)  emy oy KO (mgpy) lIc li(x/m) c xim CSC  cucsC)wm)  ClCS
1 6000 50 24930 42005 00700  0.000401 143 24930 00700 84010 4239 0.2288
2 4000 50 4768.0 30630 00766  0.00021 131 47680  0.0766  7568.0 4646 0.3053
3 2000 50 6074 241.00 0205 0.00016 83 6074 01205 4820 10.458 0.5576
4 1000 50 7313 17905 04791 0.000137 5.6 7313 04791 3581 11.406 0.6713
5 500 50 9160 8670  0.1734  0.000109 5.9 9160 01734 1734

6 0 50 10894 0 10894 10894



Table E-4 Adsorption isotherms of quateraminated chitosan

N0 Weight of Volume X0) (x/m) Langmuir Freundlich BET

adsorbents (mg) ~ (cm3)  (mg/1) (mglg) llc l(xIm) c xim CSC  cucse)wmy  ClCS
1 6000 50 1280 9120 0.0152 - _ 1280 00152 18240 4.617 0.0656
2 4000 50 8710 5405 00135  0.001148 74.0 871.0  0.0135 10810 59,629 0.4462
3 2000 50 1121 4155  0.0208  0.00089 48.1 1121 00208 8310 64.933 0.5743
4 1000 50 1412 27.00  0.0270  0.000708 37.0 1412 0.0270 5400 96,845 0.7234
5 500 50 1682 1350  0.0270 0.000595 37.0 1682 0.0270  270.0 _ _

6 0 50 1952 0 1952 1952.0



Table E-5 Adsorption isotherms of CH-SDS

W eight of Volume (x/m) Langmuir Freundlich BET

VO adsomentsmg)  emy (o) *O) (mgig IIc l(x/m) C i CSC  ci(csC)wm)  CICS
1 6000 50 16 251570  0.4193 00625000 24 1§ 04193 50270 0.003 0.0012
2 4000 50 105 251125 06278 0.0095238 16 105 06278 50225 0.003 0.0021
3 2000 50 4385 229725 11486 00002281 0.9 4385 11486 45045 0.083 0.0871
4 1000 50 6682 218240  2.1824 00001497 05 6682 21824 43548 0.070 0.1328
5 50 50 27020 116550 23310  3.701E-05 04 27020 23310 23310 0.497 0.5369
6 0 50 50330 0 50330 50330



Table E-6 Adsorption isotherm of CH-C-Tab

N

o B W N e =y

Weight of
adsorbents (mg)

6000
4000
2000
1000
500
0

Volume
(cm3)

50
50
50
50
50
50

(mg/1)

3561

4970
6502
7695
27020
34520

x(9)

1548.45

1477.50

1400.90

1341.25

375.00
0

Langmuir
/¢ (x/m)
0.0002816 3.9
0.0002012 2.1
3.701E-05 13

Freundlich

C x/m
3551 0.2581
4970 0.3694
6502 0.7005
7695 1.3413
27020
34520

CsC
30969
29550
28018
26825
7500
50330

BET
C/((CsC)(x/m))
0.444
0.455
0331
0.214
4.804

c/cs
0.1029
0.1440
0.1884
0.2229
0.7827



Table E-7 Adsorption isotherms of CH-Tween 80

No

Weight of
adsorbents (mg)

6000
4000
2000
1000
500
0

Volume
(cm3)

50
50
50
50
50
50

(mg/1)

556
646
894
1006
1186
1704

x(9)

57.40
52.90
40.50
34.90
25.90

Langmuir
lic l(im)
0.0017986 104.5
0.001548 75.6
0.0011186 49.4
0.0009940 28.7
8.432E-04 19.3

Freundlich

C x/m
556 0.0096
646 0.0132
8§94 0.0203
1006 0.0349
1186 0.0518
1704

CSC
1148
1058
810
698
518

50330

BET
C/((Cs-C)(x/m))
50,626
46.169

41.297
44.200

c/cs
0.3263
0.3791

0.5904
0.6960



Table E-8 Adsorption isotherms of BCH-SDS

No Weight of
adsorbents (mg)

1 4000

2 2000

3 1000

4 500

5 0

Volume
(cm3)

50
50
50
50
50

C (mgn)

240
1210
4115
15353
50330

X(9)

2504.50

2456.00

2310.75

1748.85
0

(x/m)
(mglg)

0.6261
1.2280
2.3108
3.4977

Langmuir
lic (xim)
00041667 16
0.000826¢ (8
0.0002430 0.4
6513E05 03

Freundlich

C x/m
240 0.6261
1210 1.2280
4115 2.3108
15353 3.4977
50330

CSC
50090
49120
46215
34977
50330

BET
C/(C5C)(x/m))
0.008
0.020
0.039
0.125

c/cs
0.0048
0.0240
0.0818
0.3050



Table E-9 Adsorption isotherms of BCH-C-Tab

No

1

Weight of
adsorbents (mg)

6000
4000
2000
1000
500
0

Volume
(cm3)

50
50
50
50
50
50

33686
33912
34385
34677
35466
42628

44710
435.80
412.15
397.55
358.10

(x/m)
(mglg)

0.0745
0.1090
0.2061
0.3976
0.3581

Langmuir
lic l(xim)
2.969E-05 134
2.949E-05 9.2
2.908E-05 4.9
0.0000288 2.5

Freundlich

C x/m
33686 0.0745
33912 0.1090
34385  0.2061
34677 0.3976
35466  0.3581

42628

CSC
8942
8716
8243
7951
7162
50330

BET
C/((CsC)(x/m))
50.555
35.712
20,242
10971
6.914

c/cS
0.7902
0.7955
0.8066
0.8135
0.8320



Table E-10 Adsorption isotherms of BCH-Tween 80

No

Weight of
adsorbents (mg)

6000

4000

2000

1000

500
0

Volume
(cm3)

50
50
50
50
50
50

x(9)

479.75

426.80

418.90

415.55

355.85
0

Langmuir
llc l(xim)
3.027E-05 12.5
2.933E-05 9.4
2.92E-05 4.8
0.0000291 2.4
0.0000282 2.8

Freundlich

C x/m
33033 0.0800
34092 0.1067
34250 0.2095
34317 0.4156
35511 0.3559
42628

BET
CSC CI((Cs-C)(x/m))
9595 43.057
8536 37.431
8378 19.518
8311 9.936
7117 7.011

50330

c/cs
0.7749
0.7998
0.8035
0.8050
0.8330



Appendix F Kinetic and mechanism of adsorption

Table F-1 Pseudo-first-order of chitosan and blended chitosan/PVA 1:1

Time

(min)

0
5
10
15
20
30
45
60
90
120
180
240
300
360

121.62
163.29
212.84
216.22
221.85
22148
225.23
23311
236.49
235.36
231.61
239.86

Pseudo-first-order

Chitosan Blended chitosan/PVA 1.1
mg/ efit -~ log(oeqt)  ge mg/g log(qe-qf
e 80%9) ng g(q q ﬂ‘g g(q Q)

115.99 2 06 118 24 264.64 2 42

74.32 187 20464 11824 207

24.17 1.39 368.24 14,64 117

21.40 1.33 39527  -12.39  #NUMI

15.77 120 390.77 788 #NUMI

10.14 101 391.89 001 #NUMI

12.39 1.09 40090  -18.02  #NUM!

450 0.65 40766 2477 #NUMI

113 0.05 42005  -37.16  #NUM!

2.25 0.35 40203  -19.14  #NUM!

000  #NUM! 384.01 113 #NUMI

225 #NUM! 388.51 563 #N M

0.00 382.88 0.00

231.61



Table F-2 Pseudo-second-order of chitosan and blended chitosan/PVA 1:1

Pseudo-second-order

(Tr{]%e) Chitosan Blended chitosan/PVA 11
(e (mg/g) tlt qe(mglg) it
0 0.00 0.0000 0.00 0.000

5 121.62 0.0411 118.24 0.042
10 163.29 0.0612 264.64 0.038
15 212.84 0.0705 368.24 0.041
20 216.22 0.0925 395.21 0.051
30 221.85 0.1352 390.77 0.077
45 22748 0.1978 391.89 0.115
60 225.23 0.2664 400.90 0.150
90 23311 0.3861 407.66 0.221
120 236.49 0.5074 420.05 0.286
180 235.36 0.7648 402.03 0.448
240 231.61 1.0100 364.01 0.625
300 239.86 1.2507 388.01 0.772
360 231.61 15151 382.88 0.940



Table F-3 Intraparticle diffusion of chitosan and blended chitosan/PVA 1.1
Chitosan Blended chitosan/PVA L1

0.5

qt qt
0.00 0.00 0.00
2.24 121.62 118.24
3.16 163.29 264.64
3.87 212.84 368.24
447 216.22 395.27
548 221.85 390.77
6.71 22148 391.89
1.15 225.23 400.90
9.49 233.11 407.66
10.95 236.49 420,05
1342 235.36 402.03
15.49 231.61 384.01
17.32 239.86 388.51

18.97 231.61 382.88



Table F-4 Pseudo-first-order of benzoyl chitosan and quateraminated chitosan

Pseudo-first-order
Time (min) Benzoyl chitosan Quateraminated chitosan

ge(mglo)  ceqt  loglceq)  ce(mglg)  qeqt  log(geq)
0 0.00 0.00 ANUM! 0.00 0.00 ANUM!
15 33.22 57.56 1.76 51.05 39.73 1.60
30 54,05 36.73 157 61.00 29.79 147
60 70.01 20.78 1.32 82.77 801 0.90
9 89.71 1.07 0.03 85.96 4.82 0.68
120 89.90 0.88 -0.05 88.78 201 0.30
180 90.78 0.00 ANUM! 90.78 0.00 ANUM!
240 90.78 0.00 #NUMI 90.78 0.00 ANUM!

360 90.78 0.00 #NUM! 90.78 0.00 #NUM!



Table F-5 Pseudo-second-order of benzoyl chitosan and quateraminated chitosan

Pseudo-second-order

Time (min) Benzoyl chitosan Quateraminated chitosan
tlot (e tit

0 0.00 0.0000 0.00 0.000

15 33.22 0.4515 51.05 0.294

30 54.05 0.5550 61.00 0.492

60 70,01 0.8571 82.17 0.725

%0 89.71 1.0032 85.96 1,047

120 89.90 1.3348 88.78 1.352

180 90.78 1.9827 90.78 1983
240 90.78 2.6436 90.78 2.644

360 90.78 3.9654 90.78 3.965



Table F-6 Intraparticle diffusion of benzoyl chitosan and quateraminated chitosan

o5 Intrapartical
Benzoyl chitosan Quateraminated chitosan
qt qt

0.00 0.00 0,00
3.87 33.22 51,05
548 54.05 61.00
115 70,01 82.77
9.49 89.71 85.96
10.95 89.90 88.78
1342 90.78 90.78
15.49 90.78 90.78

1897 90.78 0078



Table F-7 Pseudo-first-order of CH-SDS, CH-C-Tab and CH-Tween 80

Time
(min)

0
5
10
15
20
30
45
60
0
120
180
240
300
360

% (mglo)
0.00
619.82
947.07
1121.62
1591.22
180743
1962.84
2014.64
218243
2511.26
2512.39
2514.64
2515.17
2515.71

CH-SDS
(et
251517
1695.95
1568.69
1394.14
924.55
108.33
552.93
501.13
333.33
4.50
3.38
113
0.00
0.00

log(qe-qY)

3.40
3.23
3.20
3.14
2.97
2.85
2.74
2.10
2.52
0.65
0.53
0.05
#ANUM!

Pseudo-first-order
CH-C-Tab

(ngly)  ceq

0.00 2514.64
1297.30  1217.34
238288 13176
232545  189.19
241216 10248
243919 7545
248311 3153
245495  59.68
2488.74 2590
2462.84  51.80
245270  61.9%4
247635  38.29
2507.88 6.76
2514.64 0.00

log(ce-o)

3.40
3.09
2.12
2.28
201
188
150
173
141
171
179
158
0.83

CH-Tween 80

Ge(mgfg) et log(geay

000 2418 338
14640 2711 336

17680 241 33
218356 234 237
234009 78 189
234347 T4 187
234347 T4 187
236149 56 175
235923 59 177
236036 57 1.76
239302 %5 139
240641 1 109
242230 5 #NUM!
241779 0



Table F-8 Pseudo-second-order of CH-SDS, CH-C-Tab and CH-Tween 80

Pseudo-second-order

Time

(

min)

120
180
240
300
360

9¢

0.00
619.82
947.07
1121.62
1591.22
180743
1962.84
2014.64
218243
2511.26
2512.39
2514.64
2515.17
2515.77

CH-SDS

t/qt

0.0000
0.0061
0.0106
0.0134
0.0126
0.0166
0.0229
0.0298
0.0412
0.0478
0.0716
0.0954
0.1192
0.1431

CH-C-Tab

qe
0.00
1297.30
2382.88
232545
2412.16
2439.19
2483.11
2454.95
2438.74
2462.84
2452.70
2476.35
2507.88
2514.64

t/qt

0.000
0.004
0.004
0.006
0.008
0.012
0.018
0.024
0.036
0.049
0.073
0.097
0.120
0.143

CH-Tween 80
ge t/qt

0.00 0.000
146.40 0.034
176.80 0.057
2183.56 0.007
2340.09 0.009
2343 47 0.013
234347 0.019
2361.49 0.025
2359.23 0.038
2360.36 0.051
2393.02 0.075
2405.41 0.100
2422.30 0.124
2417.79 0.149



Table F-9 Intraparticle diffusion of CH-SDS, CH-C-Tah and CH-Tween 80

05 Intrapartical
CH-SDS CH-C-Tab CH-Tween 80
qt qt qt

0.00 0.00 0.00 0.00
2.24 819.82 1297.30 146.40
3.16 947.07 2382.88 176.80
387 1121.62 232545 2183.56
447 1591.22 2412.16 2340.09
548 1807.43 2439.19 2343 47
6.71 1962.84 248311 2343 47
1.75 2014.64 2454,95 2361.49
9.49 2182.43 2488.74 2359.23
10.95 2511.26 2462.84 2360.36
1342 2512.39 2452.70 2393.02
15.49 2514.64 2476.35 2405.41
17.32 2515.77 2507.88 2422.30

18.97 2515.77 2514.64 2417.19



Table F-10 Pseudo-first-order of BCH-SDS

Pseudo-first-order
Time (min) BCH-SDS
e (mg/g) et log(ae- )
0 0.00 231081 3.36
5 1072.07 1238.74 3.09
10 1140.77 1170.05 307
15 1472.97 837.84 2.92
20 1496.62 814.19 291
30 1506.76 804.05 291
45 1747.75 563.06 2.75
60 1865.99 444 82 2.65
90 193243 378.38 2.58
120 2064.19 246.62 2.39
180 2161.04 149.717 2.18
240 2202.70 108.11 2.03
300 2248 81 61.94 1.79

360 231061 0.00



Table F-11 Pseudo-second-order of BCH-SDS

Pseudo-second-order

Time (min)

0
5
10
15
20
30
45
60
%0
120
180
240
300
360

(e (my/g)
0.00
1072.01
1140.77
141297
1496.62
1506.76
1747.75
1865.99
193243
2064.19
2161.04
2202.70
2248.81
231081

BCH-SDS

gt
0.0000
0.0047
0.0088
0.0102
0.0134
0.0199
0.0257
0.0322
0.0466
0.0581
0.0833
0.1090
0.1334
0.1558



Table F-12 Intraparticla diffusion of BCH-SDS

1o qt (mg/g)
0.00 0.00

22 107207
316 114077
347 147297
447 149662
548 1506.76
671 174775
775 1865.99
049 1932.43
1095 2064.19
1342 216104
1549 220270
173 224887

1897 231081



Appendix G Effect of temperature

Table G-I Effect of temperature on adsorption capacity (mg/g) at pH 3of chitosan and blended chitosan/PVA 11

10

15

20

30

45

60

90

120
180
240
300
360

3°c
0.00
23.84
24.40
23.84
25.71
25.34
25.71
21.18
28.15
30.59
29.65
29.47
28.72
29.09

Chitosan
pH 3
38°c  43°C
0.00  0.00
2534 29.84
2853 31.16
29.09 3172
3022 32.28
3116 32.09
3191  32.85
3172 33.03
3153 33.03
3153 33.03
3172 33.03
3172 33.03
3247 33.03
32.85  33.03

48 °c
0.00
29.09
33.03
33.03
33.03
33.03
33.03
33.03
33.03
33.03
33.03
33.03
33.03
33.03

Blended chitosan/PVA 1:1
pH 3
33°%  38°% 43°% 48°c
000 000 000  0.00
1520 2477 2402  28.15
2027 2646 26.09  30.97
25.15 2402 2646  32.28
2646 2459  27.03  33.03
2477 2590  29.28  33.03
2077 2684 29.28  33.03
2040 2703 3022 33.03
2496 2665 3022 33.03
2459 2721 3022 33.03
2459 2590 3022 33.03
2496 2628 3022 33.03
2459 2590 3116  33.03
2515 2646 3172 33.03

0¢c¢



Table G-2 Effect of temperature on adsorption capacity (mg/g) at pH 3 of benzoyl chitosan and quateraminated chitosan

_ Benzoyl chitosan Quateraminated chitosan
Time H3 H3
(min) P P
3°% 38°c 43°c 48°c 33°c  3°c 43°C 48°c
0 000 000 000 000 000 000 000 0.0

131 4.69 8.63 8.82 3.38 6.76 4.88 5.07
10 2.06 151 8.26 12.20 3.94 1.88 6.76 8.63
15 3.19 1.88 10.32 12,58 1.32 9.20 9.01 9.76
20 4.69 8.07 1126 14.26 5.82 9.76 1051 1145
30 4.88 9.57 1370 15.95 8.26 1258 1370  14.26
45 5.44 10.14 1464 1783  11.07 1614 1595  17.64
60 6.38 1145 1614 1952~ 1089 1877 2083  21.40
90 1.51 1295 2121 2346 1577 2496  26.09  29.28
120 1032 1389 2215 2515 2233 3041  30.97  33.03
180 10.70  16.52 2477 3041  29.84  33.03 3247  33.03
240 1502 1877 3022 3247 3303  33.03  33.03  33.03
300 1933 2121 3285  33.03 3303 3303 3303  33.03
360 2083 2421 3303 33.03  33.03 3303 3303  33.03



Table G-3 Effect of temperature on adsorption capacity (mg/g) at pH 3 of CH-SDS, CH-C-Tab and CH-Tween 80
CH-C-Tab

Time

(min

0
5
10
15
20
30
45
60
90
120
180
240
300
360

)

33 °c
0.00

6.38

10.70
1595
18.02
20.83
26.65
29.09
33.03
33.03
33.03
33.03
33.03
33.03

CH-SDS

38 °C
0.00
11.82
14.45
16.89
21.40
25.53
28.15
30.97
3191
3247
33.03
33.03
33.03
33.03

pH 3
43 °c
0.00
6.57
15,58
20.83
24.21
28.90
30.03
32.28
32.85
33.03
33.03
33.03
33.03
33.03

43 °p
0.00
10.89
1971
2553
3191
3191
33.03
33.03
33.03
33.03
33.03
33.03
33.03
33.03

3°C
0.00
12.39
12.76
17.45
19.52
20.08
19.11
20.83
19.71
19.33
19.52
17.08
17.64
16.89

38 °c
0.00
25.90
26.28
21.59
29.28
29.09
28.34
28.34
21.78
30.97
3041
29.28
28.15
30.22

pH 3
43 °c
0.00
20.08
2290
2117
22.71
24.02
24.21
24.21
25.53
24.40
24.40
26.28
2590
26.09

48 °c
0.00
22.71
30.59
30.22
31.34
31.53
3191
3172
33.03
32.28
32.09
32.85
3247
32.85

3°C
0.00
6.57
10.89
19.89
20.27
20.08
19.11
19.89
19.89
20.46
20.83
20.27
2121
19.52

CH-Tween 80

38 °C
0.00
2477
25.11
26.84
26.28
21.99
25.15
2421
2402
25.34
24.21
24.96
25.34
2499

pH 3
43 °c
0.00
18.39
19.71
19.89
21.58
20.33
21.21
21.21
21.40
21.02
20.46
21.40
22.15
23.46

48 °c
0.00
20.65
2121
2159
2740
28.15
29.09
29.84
29.28
29.84
29.09
29.84
29.09
29.28
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Table G-5 Effect of temperature on adsoiption capacity (mg/g) at pH 6.80f chitosan and blended chitosan/PVA L1

120
180
240
300
360

Chitosan

pH 6.8
38 °¢ 43 °¢c
0.00 0.00
13.33 12.01
13.89 14.26
13.33 13.14
14.45 14.64
14.08 13.89
12.39 14.64
13.33 15.20
12.58 15.58
13.33 15.95
14.08 16.52
14.45 16.33
15.20 16.70
15.77 17.08

Blended chitosan/PVA 1:1
pH 6.8
33 °¢c 38 °¢ 43 °¢ 48 °¢c
0.00 0.00 0.00 0.00
12.01 12.20 18.02 18.58
12.20 12.01 18.39 19.33
12.01 13.89 17.27 19.89
12.58 13.89 18.96 19.89
12.58 13.89 18.96 19.71
12.39 13.70 18.77 19.33
12.01 14.08 18.77 20.08
14.08 15.02 19.14 19.71
13.70 15.58 20.08 20.65
15.77 15.02 20.46 21.21
16.89 15.58 19.89 21.02
17.27 15.95 20.08 20.46
17.64 16.52 19.52 20.83



Table G-6 Effect of temperature on adsorption capacity (mg/g) at pH 6.8 of benzoyl chitosan and quateraminated chitosan

. Benzoyl chitosan Quateraminated chitosan
ime
(mm) pH 6.8 pH 6.8
33°c  38°c 43°c  48°c  33°C  3B°c  43°c  4B°c
0 000 000 000 000 000 000 000 0.0

1670 1933 2534 2440 1464 1670 1652 2327
10 18.96 2365 2628 2646 1558  17.83 1952 24.02
15 1933 2327 2834 2740 1483 1783 2046  25.15
20 2083 2421 29.09 2872 1652  18.02 2121 2417
30 23.84 2590  29.65 3041 1670  19.14 2196  25.15
45 2421 2721 3172 3285 1783  20.08 2215  26.46
60 26.46 2778 3472 3453 1989 2177 2252 27.03
90 28.15 2834  38.85  36.60 20.08 2121 23.09  27.40
120 2590 3116  39.60 4073 1904 1914 2384  29.28
180 3003  35.66 4148 4336 1989 2121 2440  30.97
240 3585 3848 4298 4542 2140 2121 2872 3172
300 3697 4148 4580 4636 2252 2233 2872 34.16
360 3773 4392 4730 48.05 2233 24.02  28.72  33.97

G¢



Table G-7 Effect of temperature on adsorption capacity (mg/g) at pH 6.8 of CH-SDS, CH-C-Tab and CH-Tween 80

CH-C-Tab
pH 6.8

120
180
240
30
30

3°C
0.00
16.14
18.39
19.52
2121
22.90
2417
25.34
2440
24.96
25.15
2590
25.11
26.09

CH-SDS
pH 6.8

38 °C
0.00
17.83
19.11
20.65
2077
22.52
23.21
23.09
23.84
23.65
2421
22.71
24.96
25.15

43°c
0.00
21.02
2117
23.65
24.21
24.96
25.34
25.15
25.15
24,77
24.40
25.53
26.28
21.03

48 °c
0.00
23.84
2590
21.03
2159
29.28
29.09
28.72
2947
29.09
2947
29.65
29.28
29.09

3°C
0.00
1014
1014
13.70
1351
1520
16.70
16.33
15,17
18.96
17.27
1821
19.33
19.52

38 °C
0.00
1351
14.26
14.26
1520
15.39
15.02
14.26
1333
15.17
16.70
14.64
14.64
1220

43 °c
0.00
15.20
15.58
15.02
1783
20.08
21.40
23.65
23.27
23.46
2290
22.71
22.33
23.65

48 °c
0.00
20.08
19.71
20.08
20.65
21.58
21.40
22.33
2117
21.96
22.52
22.90
21.58
20.46

3°C
0.00
1201
12.58
12.58
12.95
13.70
14.64
13.70
14,08
14,08
14.26
1351
1483
15,02

CH-Tween 80
pH 6.8

38 °c

0.00

1314
14.45
14.08
1314
14.45
16.33
15.39
17.64
17.27
1745
15.02
1258
11.64

43°c
0.00
15.77
18.77
20.27
1821
19.14
1952
1952
20.08
20.83
21.96
21.96
21.58
2215

48 °c
0.00
2121
20.27
20.08
2121
2121
20.83
21.58
2117
21.02
20.46
20.83
20.83
21.02

to
to



Table G-8 Effect of temperature on adsorption capacity (mg/g) at pH 6.8 of BCH-SDS, BCH-C-Tab and BCH-Tween 80

BCH-C-Tab
pH 6.8

120
180
240
300
360

3°C
0.00
14.64
14.64
17.08
1745
17.64
17.08
17.45
19.33
19.33
18.96
1821
18.39
18.02

BCH-SDS
pH 6.8

38 °c
0.00
129
13.70
15.39
15.02
16.14
16.33
16.14
15.17
159
19.89
18.96
18.96
16.70

43°c
0.00
19.52
21.58
21.02
21.02
21.96
23.27
25.71
2740
2197
28.15
28.34
28.72
29.47

48 °c
0.00
19.71
19.33
19.52
22.33
24,96
23.84
25.34
24,96
24,59
24.21
25.34
25.15
25.71

3°C
0.00
11.64
1201
1351
1258
13.89
13.89
14.64
14,08
1333
15.58
1539
15.02
15,02

38 °C
0.00
1314
13.70
1483
14.64
13.70
13.70
14.45
1539
1314
16.52
12.39
1314
1201

==
0.00
17.64
18.39
18.02
19.89
19.89
1914
19.52
1914
1971
18.96
20.83
23.65
23.84

48 °c
0.00
21.21
2121
21.21
2117
20.65
21.58
2121
21.58
21.40
21.40
21.58
21.02
21.02

3°C
0.00
8.26
1145
12.76
1220
10.89
11.07
1145
11.07
11.82
11.82
1483
15.17
16.52

BCH-Tween 80
pH 6.8

3 °C
0.00
13.70
14.08
14.45
15.20
1539
17.64
16.33
16.14
1517
17.27
17.27
17.64
17.45

43°c
0.00
17.08
1821
19.71
19.71
20.27
19.71
20.08
20.08
20.83
21.02
22.33
22.71
23.21

48 °c
0.00
21.40
20.27
21.58
2117
21.40
21.96
21.96
2121
21.58
22.15
21.40
20.83
21.40
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Table G-9 Cutting fluids effluent at pH 3 adsorption on chitosan for enthalpy,
Entropy and Arrhenius

TK) ki 0T hdT) )
06 0059 0003268 -85538 -2.83022
W 00072 0003215 197285 -223306
36 01529 0003165 -76337L -L87797
2L 02038 0003115 -7.36206 -159062

Table G-10 Cutting fluids effluent at pH 3 adsorption on blended chitosan/PVA L1
for enthalpy, entropy and Arrhenius

TK) K 0T hm(dm )
06 0079 0003268 -826189 -253831
AL 00518 0003215 870016 -29607
36 00726 0003165 -837853 -262279
2 0276 000815 729654 -L5%51

Table G-I Cutting fluids effluent at pH 3 adsorption on benzoyl chitosan for
enthalpy, entropy and Arrhenius

TK) k& U1 W@ )
06 00073 0003268 -10.6435 491968
A 00179 0003215 97675 402295
36 00134 0003165 -10.0682 43125
2L 0056 000315 94366 -3.66516

Table G-12 Cutting fluids effluent at pH 3 adsorption on quateraminated chitosan for
enthalpy, entropy and Arrhenius

TK) K 1T ngdm
06 00105 0003268 -1028 -4.55638
A 00158 0003215 988754 -4.14775
36 00183 0003165 -9.7566  -4.00085
R 00204 000315 966366 -389222
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Table G-13 Cutting fluids effluent at pH 3 adsorption on CH-SDS for enthalpy,

entropy and Arrhenius

TK) K& UT  WkdT)  Ind)
06 00398 0003268 -894747 -3.22389
N 00464 0003215 881025 -307046
36 0067 0003165 -84588 -2.70306
D1 01466 0003115 -7.69149 -192005

Table G-14 Cutting fluids effluent at pH 3 adsorption on BCH-SDS for enthalpy,
entropy and Arrhenius

TK) K UT WG ()
06 00326 0003268 914703 -3.42344
M 00545 0003215 864935 -2.90955
36 00741 0003165 -8.35808 -260234
D1 0047 000315 887922 -3.10778

Table G-15 Cutting fluids effluent at pH 3 adsorption on CH-C-Tab for enthalpy,
entropy and Arrhenius

TK)  kd 4T W{dm) I
06 00407 0003268 89511 320053
3 00893 0003205 815555 -241575
36 00484 0003165 8784  -302826
D1 0138 000315 -7.76068 198924

Table G-16 Cutting fluids effluent at pH 3 adsorption on BCH-C-Tab for enthalpy,
entropy and Arrhenius

TK) ki UT T I
06 00349 0003268 -0.07885 -3.35527
N 00575 0003205 -859576 -285507
36 00373 0003165 -00445 -328876
D1 00816 0003115 -827737 -2506%3



230

Table G-17 Cutting fluids effluent at pH 3 adsorption on CH-Tween 80 for enthalpy,

entropy and Arrhenius

TK) kK 1T WD) )
06 00512 000368 -86956 -2.97202
U 00675 0003215 -843542 -2.69563
36 00438 0003165 -888386 -3.12817
21 0088 0003115 82389 -246746

Table G-18 Cutting fluids effluent at pH 3 adsorption on BCH-Tween 80 for
enthalpy, entropy and Arrhenius

T(K) Kd UT In(kdT) In(kd)
306 00367 0003268 -9.02856 -3.30498
311 00481 0003215 -8.77427 -3.03447
316 00469 0.003165 -8.81548 -3.05974
21 00512 0003115 -8.63264 -2.8612

Table G-19 Cutting fluids effluent at pH 6.8 adsorption on chitosan for enthalpy,
entropy and Arrhenius

TK) k& 1T hidn) hd
06 0013 0003268 -10.2065 -448295
A 00135 0003205 100449 -4.30507
36 00143 0003165 -100032 -42475
2L 0029 000315 -929142 -351998

Table G-20 Cutting fluids effluent at pH 6.8 adsorption on blended chitosan/PVA
1:1 for enthalpy, entropy and Arrhenius

TK) K 1T hid)
06 00115 0003268 -10189 446541
A 00138 0003215 -10.0229 -4.28309
36 00184 0003165 975115 -3.9954
R 00209 0003115 963945 356801



Table G-21 Cutting fluids effluent at pH 6.8 adsorption on benzoyl chitosan for

enthalpy, entropy and Arrhenius

T(K)

306
311
316
31

Kd
0.0229
0.0289
0.037
0.0362

T
0.003268
0.003215
0.003165
0.003115

In (

-9.5002
9.28311
-9.05258
-9.09014

In ()
377662
354301
329684
33187
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Table G-22 Cutting fluids effluent at pH 6.8 adsorption on quateraminated chitosan

for enthalpy, entropy and Arrhenius
T(K)

306
3l
316
31

Table G-23 Cutting fluids effluent at pH 6.8 adsorption on CH-SDS for enthalpy,

entropy and Arrhenius
T(K) Kd

306 00239

a1 00244

316 0.028

21 00342

Ka
0.016
0.0184
0.0243
0.0285

Ut
0.003268
0.003215
0.003165
0.003115

Ut
0.003268
0.003215
0.003165
0.003115

In( T
-0.85875
-0.7352
-0.47302
-0.32929

n( )
-0.45746

-9.45297
-9.33129
-9.14697

In Sk
-4.13517
-3.9954
-3.71728
-3.55785

In ()
373388
371317
357555

-3.37553

Table G-24 Cutting fluids effluent at pH 6.8 adsorption on BCH-SDS for enthalpy,

entropy and Arrhenius
T(K) Kd

306 00184

A1 0,015

36 00226

1 00233

Ut
0.003268
0.003215
0.003165
0.003115

In( 1)

-9.71899

-9.90671

-9.54555
-9.53074

In ()
39954

-4.16692

-3.78%1
-1,7593
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Table G-25 Cutting fluids effluent at pH 6.8 adsorption on CH-C-Tab for enthalpy,

entropy and Arrhenius

T(K) Ka
306 00143
31 00148
316 00173
21 00211

Ut
0.003268
0.003215
0.003165
0.003115

In (kdT)
997108
995292
981279
962992

In (d)

42475
421313
405705
385848

Table G-26 Cutting fluids effluent at pH 6.8 adsorption on BCH-C-Tab for enthalpy,

entropy and Arrhenius
T(K) Kd

306 0015

31 00146

316 00203

21 0022

Ut
0.003268
0.003215
0.003165
0.003115

In (kdT)
10,1056
996653
965288
956125

In (d)
438203
422673
389713
378981

Table G-27 Cutting fluids effluent at pH 6.8 adsorption on CH-Tween 80 for
enthalpy, entropy and Arrhenius

T(K) Ka
306 00122
311 0.0126
316 0.0207
31 0.0211

Ut
0.003268
0.003215
0.003165
0.003115

In (kdm)
10,1299
101139
963336
96299

In (d)
440632
437406
387762
385848

Table G-28 Cutting fluids effluent at pH 6.8 adsorption on BCH-Tween 80 for
enthalpy, entropy and Arrhenius

T(K) Ka

306 00133 0.003268

31 0.014

Ut
0.003215

316 00215 0.003165

21 00227

0.003115

In (kd'T)
-10.0436
-10.0085
-9.59544
-9.55683

In (d)
43199
42687
38307
328539



Appendix H Continuous adsorption

Table H-1 Breakthrough profile for cutting fluids adsorption on chitosan, blended chitosan/PVA 1.1, CH-C-Tab, CH-Tween 80, BCH-C-Tab

and BCH-Tween 80
Adsorbents
Time (min) Chitosan Blended chitosan/PVA 1.1 CH-C-Tab CH-Tween 80  CH-C-Tab ~ CH-Tween 80
clco clco ¢[60) CICo C/CO CICO

0 0.00 0.00 0.00 0.00 0.00 0.00
15 0.39 0.22 0.71 0.86 0.80 0.69
30 0.61 0.51 0.85 0.90 0.83 0.80
60 0.82 0.67 0.88 0.91 0.88 0.94
90 0.90 0.77 0.94 0.96 0.92 0.98
120 0.95 0.80 0.97 0.98 0.95 1.00
150 0.99 0.86 0.98 1.00 0.95

180 0.99 0.97 1.00 1.00

210 1.00 0.98

240 1.00
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Table H-2 Breakthrough profile for cutting fluids adsorption on benzoyl chitosan,
quateraminated chitosan, CH-SDS, BCH-SDS

Adsorbents
Time (h) Benzoyl chitosan ~ Quateraminated chitosan  CH-SDS ~ BCH-SDS

C/Co c/co clco C/Co
0 0.00 0.00 0.00 0.00
1 0.02 0.00 0.14 0.07
2 0.03 0.00 0.18 0.07
| 0.04 0.00 0.19 0.07
4 0.04 0.00 021 0.08
5 0.05 001 0.22 0.09
6 0.05 0.04 0.23 0.09
1 0.06 0.07 0.24 0.10
8 0.06 0.08 0.26 0.10
9 0.05 0.09 0.27 0.1
10 0.05 0.09 0.27 0.1
24 0.08 0.18 0.32 0.35
26 0.08 0.19 0.36 0.38
28 0.12 0.19 0.38 041
30 0.15 0.24 0.38 043
3 0.17 0.25 0.39 045
¢l 0.19 0.26 0.40 047
36 0.20 0.27 041 0.50
38 0.22 0.29 0.42 051
40 0.23 0.32 0.42 0.56
48 042 0.44 0.49 0.69
50 043 0.44 0.52 0.71
56 0.49 048 0.56 0.74
12 0.76 0.54 0.79 0.75
76 0.86 0.57 0.85 0.77
80 0.90 058 091 081
% 0.93 0.57 100 0.88

100 0.95 0.60 1.00 0.90
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Table H-2 Breakthrough profile for cutting fluids adsorption on benzoy! chitosan,
quateraminated chitosan, CH-SDS, BCH-SDS (Continued)

Adsorbents

Time (h) Benzoyl chitosan  Quateraminated chitosan ~ CH-SDS  BCH-SDS

ClCo C/Co C/Co C/Co
104 0.97 061 0.92
120 0.99 0.65 0.9
122 1.00 0.66 0.97
124 0.68 100
126 0.69
128 0.70
144 0.80
146 0.82
148 0.85
150 0.86
152 0.87
168 1.00

Table H-3 Breakthrough curves adsorption cutting fluids of chitosan at flow rate
0.50 - 2.00 cmVmin

Flow rate (cm3/min) 0.50 1.00 2.00
Time (min) CiCo CiCo c/c
0 0.00 0.00 0.00
15 0.39 0.90 0.97
30 0.61 0.95 100
60 0.82 1.00
90 0.90
120 0.9
150 0.99

180 1.00
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Table H-4 Breakthrough curves adsorption cutting fluids of blended chitosan/PVA

1:1 at flow rate 0.50 - 2.00 cm3min

Flow rate (cm3/min)
Time (min)
0
15
30
60
%0
120
150
180
210
240

0.50
c/c0
0.00
0.22
0.51
0.67
0.77
0.80
0.86
097
0.98
1.00

1.00
CICo
0.00
0.45
0.58
0.71
0.85
0.96
1.00

2.00
ClCo
0.00
0.60
0.69
0.80
091
0.98
1.00



Table H-5 Breakthrough curves adsorption cutting fluids of CH-SDS at flow rate

0.50 - 2.00 cm3Imin

Time (h)

O 1 O Ul B WRN b O

WO o —J —J U1 U1 B D& W W W LW LW N DD RO
S oo RS oSS ERSEoce B @

100

Flow rate (cm3min)
050 100 200
¢/c0 c¢/c0 ClCo
000 000 000
014 016 041
018 02 045
019 027 051
020 032 059
02 037 062
023 040 068
024 045 079
026 051 091
0271 0% 0%
027 064 100
032 093

036 0%

038 099

038 100

0.39

0.40

041

0.42

0.42

0.49

0.52

0.56

0.79

0.85

091

100

100
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Table H-6 Breakthrough curves adsorption cutting fluids of chitosan at bed depth

5.0-20.0cm

Bed depth (cm)
Time (min)
0
15
30
60
90
120
150
180

50
c/c0
0.00
0.78
0.88
0.9
1.00

100
c/cO
0.00
0.59
031
0.91
0.99
1.00

150
c/c0
0.00
0.52
0.77
0.88
0.96
0.97
0.99
1.00

20.0
c/cO
0.00
0.39
0.61
0.82
0.90
0.95
0.99
1.00
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Table H-7 Breakthrough curves adsorption cutting fluids of blended chitosan/PVA
1:1 at bed depth 5.0 - 20.0 cm

Bed depth (cm)
Time (min)
0
15
30
60
90
120
150
180
180
210

5.0
CICo
0.00
0.77
0.87
0.94
1.00

100
c/cO
0.00
0.54
0.81
0.92
097
1.00

150
CICo
0.00
0.30
0.60
0.85
0.92
0.99
1.00

20.0
ClCo
0.00
0.22
051
0.67
0.77
0.80
0.86
0.97
0.98
1.00



Table H-8 Breakthrough curves adsorption cutting fluids of CH-SDS at bed depth

50 - 20.0 ¢m
Bed depth (cm)
Time (h)
0

OO —~J O O &~ LW DO —

@mﬂﬁmmhhwwwwwwwmpo
O O OO PO OO O OO O OO0 O A PN O o o O

50
CICo
0.00
0.52
0.58
0.59
0.59
0.62
0.67
0.67
0.68
0.71
0.71
0.82
0.83
0.84
0.85
0.88
0.93
0.97
0.99
1.00

100
c/c0
0.00
0.28
033
0.37
041
043
0.46
0.48
0.50
0.52
0.55
0.69
071
0.73
0.74
0.79
0.81
0.88
0.90
0.96
1.00

15.0
CICo
0.00
0.14
0.28
0.30
0.32
0.37
0.39
0.42
045
0.46
0.48
0.64
0.65
0.67
0.68
0.69
0.71
0.72
0.73
0.74
0.89
0.90
0.93
0.98
1.00

20.0
CICo
0.00
0.14
0.18
0.19
021
0.22
0.23
0.24
0.26
0.27
0.27
0.32
0.36
0.38
0.38
0.39
0.40
041
0.42
042
0.49
0.52
0.56
0.79
0.85
091
1.00
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Table H-9 Isoremoval line for different bed depth height on chitosan

: ClCo
Hgh(em) ) g4 06

5 3.0 6.0 105
100 45 9.0 165
150 5.0 120 200
20.0 8.0 170 28.0

Table H-10 Isoremoval ling for different bed depth height on
blended chitosan/PVA 11

| o
HOhEm ) 4 o
50 30 80 100
00 60 10 180
50 90 00 310
00 w0 /0 490

Table H-1I Isoremoval line for different bed depth height on CH-SDS

. ClCo
High (o) g0 4 06
FawIa)FOiNnG 4
00 08 38 150
50 18 62 210

200 35 340 190



Table H-12 Breakthrough curve of adsorption of cutting fluids on chitosan type

two column

Column A
Time (min)
0
10
20
30
40
50
60
[
%0
105
120
150
180
210

c/cO
0.00
048
0.52
0.58
0.63
0.67
0.70
0.78
0.84
0.90
0.94
0.97
0.99
1.00

Column B
Time (min) C/Co
180 0.00
190 0.60
200 0.69
210 0.75
220 0.81
230 0.88
240 0.94
255 0.99
210 0.99
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Table H-13 Breakthrough curve of adsorption of cutting fluids on CH-SDS type

two column
Time (h)  Column A Time () Column B

CiCo C/Co
0.0 0.00 30 0.00
05 0.36 35 0.00
10 0.38 4. 0.00
15 0.40 45 0.00
2.0 0.42 50 0.00
25 0.43 55 0.00
3.0 0.50 6.0 0.00
35 0.53 65 0.00
40 0.5 10 0.00
50 0.56 15 0.00
6.0 0.60 8.0 0.00
24,0 0.72 90 0.00
25.0 0.75 100 0.00
26.0 0.78 24.0 0.39
210 0.79 25.0 0.42
280 081 26.0 0.43
290 0.90 210 0.44
30.0 0.97 28,0 0.45
310 100 29.0 0.47
30.0 0.49
310 0.50
320 051
48,0 0.62
49,0 0.64
50.0 0.67
510 0.68
520 0.70
530 0.73

54.0 0.74
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Table H-13 Breakthrough curve of adsorption of cutting fluids on CH-SDS type

two column (Continued)
Time (min) ~ Column B

c/cl
55.0 0.7
56.0 0.80
57.0 081
120 0.94
130 0.96
140 0.97
5.0 0.98

16.0 1.00
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Appendix | Reynolds number of motor stirrer speed
Reynolds number of mixing can be calculate from

where NRe is Reynolds number, D is diameter of impeller (m, 0.04 m), N is rev/s (600
-21000 rpm), p is mass density of liquid (kg/m3 995.7) p is dynamic viscosity (N-

s/m2, 0.798x1 03at 30 °C)
Thus Reynolds of motor stirrer speed at 600 rpm i
NRe= _12x106

Reynolds of motor stirrer speed at 1200 rpm is 2.4x1 06
Reynolds of motor stirrer speed at 2000 rpm is 4.0x1 06
Reynolds of motor stirrer speed at 21000 rpm is 42. Ix | 06
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Appendix J Calculated mass diffusivity of cutting fluids

5.88XICTBx (x M) U2T
o= v

where wis mass diffusivity (mas), M is molecular of solvent (kg/mol), T is
temperature (K), p is viscosity of solution (kg/m-s), V is molar volume of cutting
fluids at the normal boiling point (m3Imol) and x is association constant parameter of

water (= 2.6 for water)

Cutting fluids has molecular weight correspond to average carbon number of C23
for naphthenic mineral oil.

Thus molar volume of Cas is 23x(14.8x10') = 3.3x104 m3Jmol

5. 88X10-6x(2.6x 18x 1032298 _
0798103 2x10)p - >oxL0Bmds
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Appendix K Calculate effect of temperature on chitosan adsorption in static batch

The rate of adsorption can be described as being proportion of the concentration
of the cutting fluids effluent, if first-order kinetics is assumed:

A =Ko
Integrating and rearranging the above Equation gives:

K J

The calculation parameters of thermodynamic were done by plot In (CtCo)
verses time. The slope of these plot is adsorption rate constant (Kd, min'). The result
of chitosan as adsorbent at temperature 33 to 48 °c of cutting fluid effluent and pH 3
was shown in Figure below.

Time (min)
0 5 10 15 20

-1.00

-2.00

In [(CYCo)|

-3.00

-4.00 1

¢ T=33 ®m T=38 A T=43 X T=48

-5.00 -

Figure Effect of temperature on effective adsorption on chitosan at pH 3
b 33°c1 3B°c, Ad3°cand048°c
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The Kd was obtained from -slope of plot In (CtCo) verses time of effective
adsorption of variation temperature from 33 to 48 °c. Thus Kdwas collected in the
below Table. The LT and In(Kd/T) were calculated after know Kd and show in below
Table too.

Table Adsorption rate constant on effective adsorption on chitosan at pH 3

TK)  Kimin)  UT In(KdT)
0 0059 0003268  -B5538
A 0072 0003215 -7.97285
36 0452 0003165  -7.63371
202038 0003115  -7.36206

The adsorption rate constant can be expressed in term of enthalpy and entropy by

the following Equation:
i :{ l;};“Je(&S/R)e(-W/Rr)

where hp is the Planck’s constant (6.6260x1 03, J-sec), R is the gas constant (8.314
Jmol-K), T is the absolute temperature (K), AH is the enthalpy change during
adsorption (kJ/mol), AS is the entropy change during adsorption (J/mol-K), K is the
Boltzmann’s constant (1.38066x1 023 J/K)

Plot ofIn(KdT) versus LT gives a value of slope and intercept.
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vt
0.00308 0.00312 0.00316 0.0032 0.00324 0.00328

-7

-7.4 4

y=-7708.1x + 16.715

R’ = 0.9726
7.8 4

In (Ko/T)

-8.2 4

-8.6 4

Figure. Plot for In(Kd/T) versus 1/T of chitosan
The slope of In(Kd/T) versus 1T give (AHR). The intercept shows In (k! hp) +
ASIR. Therefore, enthalpy and entropy are obtained.
AH = -slope x R =-(-7708.1x8.314) =64.09 ki/imol

AS Intercept- In- xR

1.38066x103
16.715-In 6 6250x1. 0 X8.314

= -58.56 J/(mol-K)
The Gihb free energy of adsorption may be determined in terms of entropy and
enthalpy according
AG-AH - TAS
AG at 306 K = 64090 - (306x(-58.56)
= 82009 J/mol
8201 kJ/mol
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Table Calculation Gibb free energy at temperature 306 to 321 K on chitosan

AG = AH-TAS

AG (T 306
AG (T 311
AG (T 316
AG (T 321

S N e S

Average AG (J/mol)

AG (J/mol)
82005.67
82298.49
82591.31
82884.13
824449

Activation energy was calculated from below Equation.

Kd = Ae(-BRT]

where A is the Arrhenius energy (min") and Ea is the activation energy (kd/mol)

The values of Eaand A are determined from the slope and intercept of plot In(Kd)

VEISuS

I,

0.0

-0.8 4

A%

-2.4 4

-3.2 4

-4.0 4

- Slope = E4R
Ea= (-Slope x R)
= (-8021.5 x 8.314)
= 66690.75 Jimol
= 66.69 kd/mol

0.00308 0.00312 0.00316

0.0032 0.00324 0.00328

y =-8021.5x + 23.462
R’ =0.9747

4



Appendix L Compare cost of adsorbents of CH, CH-SDS and BCH-SDS

Cost of chemicals
chitosan 1kg 2500 baht
Sodium luaryl sulfate 0.5 kg 600 haht
Acetic acid 25 1 600 baht
Deionizated water 20 1 70 haht

1 Calculated cost from motor stirrer (70, 220 V, 50 Hz)
p =IxE
Where is power ( ), Eisvoltage (V) and 1 is electricity (A)

[=h- g9 S03A

Calculated stirrer chitosan solution 100 cm3
Quantitative electric power =E ||| =03x220*24 =15 84 kWh
Rate of electricity = 1.357 haht/unit
Cost of electricity = 1.357x 15.84 = 21.50 baht/1

2. Calculated cost of chitosan solution

250

Using chitosan 2 g for prepared chitosan solution = lﬁl(l%gz = 5 baht/100 cm3

or 50 baht/1000 cms chitosan solution
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3. Calculated cost of Acetic acid solution

Acetic acid 2 cm3have cost = 2500“

= (.48 baht/ 100 cm3of acetic acid 2 % wiv
Thus acetic acid = 4.8 baht/chitosan 1000 cm3 chitosan solution

4. Calculated cost of SDS solution

~ = 12 haht

SDS 1 have cost = i

D

100

Thus SDS = 12 haht/1000 cm3 chitosan solution

1time of inject SDS have cost 20 19 baht/100 cm3chitosn solution

. Calculated cost of DI water
DI water have cost = 70 baht/20 1
10 1of DI water =35 bant
Amount of DI water to used for prepared = 3.0 1(Chitosan solution + SDS +
Aceetic acid)
Thus total cost of DI water = 10.5 bath

6. Calculated cost of PVA solution
PVA 10 kg have cost 3000 haht; 1gof PVA = 3 baht

DI 1000 cm3used PVA = 4*1%8112 =40 ¢
Show cost = 160 baht/1000 cm3of DI
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1. Calculated stirrer blended chitosan/PVA solution (hot plate stirrer, 500 , 220 V)

Electricity of stirrer blended chitosan/PVA solution = 5 om 2.21 A

Quantitative electric power = = 2727>@20x12m . =81.46 baht/

1000 cm3PVA solution
A. Cost of prepared chitosan bead to treat cutting fluids effluent
Cost of prepared chitosan solution = Electricity + chitosan solution + Acetic
acid + DI water 2.0 1
=2150+50+48+7
= 83.3 baht/1
1000 cm3of chitosan solution obtained 1260 g of chitosan bead

Each hatch used cutting fluids effluent 50 cm3used chitosan bead =2 ¢
Thus 1000 cm3of cutting fluids effluent used chitosan bead =40 ¢

40 g of chitosan head to treat cutting fluids effluent = 831%40 _ 2 £4 baht

B. Cost of prepared CH-SDS to treat cutting fluids effluent
Cost of prepared CH-SDS fiber = Electricity + Chitosan solution + Acetic acid +
SDS + DI water 3.0 1
=215+50+ 12+48+ 105
= 93.8 bant/1
1000 cm3chitosan obtained CH-SDS 49.9 g of CH-SDS
Each batch used cutting fluids effluent 50 cm3used CH-SDS =2 g
Thus 1000 cm3of cutting fluids effluent used CH-SDS ~ =40¢
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40 g of chitosan bead to treat cutting fluids effluent = 49>§|-/\ =79.20 baht

¢. Cost of prepared BCH-SDS to treat cutting fluids effluent
Cost of prepared BCH-SDS fiber = Electricity + Chitosan solution + Acetic acid
+ SDS + DI water 4.0 1+ PVA solution +

Stirrer PVA solution
=2150+50 +4.8+ 12+ 14+ 160 + 81.46
= 343,76 haht/1
1000 cm3chitosan obtained CH-SDS 46.8 ¢ of CH-SDS
Each batch used cutting fluids effluent 50 cm3used CH-SDS =2 ¢
Thus 1000 cm3of cutting fluids effluent used CH-SDS =40 ¢

40 g of chitosan bead to treat cutting fluids effluent = 3434766§<4O 293 32 baht



Appendix M GC chromatrgram of cutting fluids
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Appendix N XRFS spectrum
Appendix N-I XRFS spectrum of cutting fluids effluent

(19-Jan-2007 18:10)

Fixed Conditions : General (air)

Acquisition livetime = 100.0 , realtime = 185.2
Tube Current = 66pA
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Appendix N-2 Percent element in cutting fluids effluent from drilling process

Sample: cutting fluid wasteOl
Fri 1/19/2007 at 4:35:23 PM
Method Name: Oxford: Geol. Majors + Traces

Analyte Concentratii
H20 . wt %
Co2 666 Wt %
Na20 0.00 wt %
MgO 8.84 Wt %
A1203 5755 Wt %
Si02 5.77 Wt %
P205 6.63 Wt %
5.25 Wt %

Cl 1.74 Wt %
K20 2.13 we %
Ca0 2.50 Wt %
Sc 0.00 Wt %
Ti02 3815.7281ppm
\Y; 124 .4 904ppm
Cr 268.3501ppm
MnO 5526.3347ppm
Fe203 54.96 Wt %
Co 2229.377 6ppm
Ni 1244 .9846ppm
Cu 1.09 wWe %
Zn 2.07 We %
Ga 373.3816ppm
Ge 0.00 Wt %
As 788.9328ppm
Se 0.00 Wt %
Br 856.8334ppm
Rb 0.00 Wt %
Sr 245 _.9584ppm
Y 40.0197ppm
Zr 332.7820ppm
Hf 5774.7479ppm
Ta 0.00 Wt %
W 0.00 Wt %
Hg 708.4 656ppm
Ti 490.9447ppm
Ph 302.3978ppm
Bi 254 .0914ppm
Th 0.00 Wt %
0.00 Wt %

Mo 0!00 Wt %
Mo 117.8900ppm
A 0.00 Wt %
C% 88.9288ppm
In 0.00 Wt %
433 .1238ppm

Sh 147 .6203ppm
Te 0.00 Wt %
I 0.00 Wt %
C 0.00 Wt %
3a 1637.0782ppm
La 1154. 5750ppm
Ce 1177. 3556ppm
o V 556 . 1135ppm

Nd 0.00 Wt %
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