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APPENDICES



APPENDIX A

Experimental Data of Preparation of Stock Solutions
and CMC Measurement



Table Al Preparation of the solution in various ratios and limitation of experiment.

SDS/SO =5/95 , Volume = 20 ml

Inital [SO] so01M SOIM SOIM SOIM SOIM SO 1M SO 1M
Inital [SDS] SDS 0.00M SDS 0.0IM SDS01M SDSO0LM SDS0LM SDSOL1M SDSOLIM
[SO] (M) 0.05 0.1 0.2 0.3 04 05 0.6
VsasVso  526/100 105320 210540 316660  421/80  526/10  6.32/12
SDS/SO = 1090, Volume = 20 ml
Inital [SO] SO0 M SOIM soIM SOIM SOIM SO 2M SO 2M
Inital [SDS] SDSO01M SDSOIM SDSOLM SDSO1M SDSOLM SDSOLM SDSO1M
[SO] (M) 0.05 0.1 0.2 0.3 04 0.5 0.6
VsdVso 1110100 222020 44440 66760 889580  1L1150 133360
SDS/SO = 20/80 , Volume = 20 ml
Inital [SO] SO0 M SOIM SOIM SOIM SOIM SO IM SO 1M
Inital [SDS] SDS0LM SDS01M SDSO1M SDSO5M SDS05M SDS05M SDS05M
[SO] (M) 0.05 01 0.2 0.3 04 0.5 0.6
VsaVso 25100  5.0/2.0 10040 3.0/6.0 4080 50100  6.0/120
SDS/SO = 40/60 , Volume =20 ml
Inital [SO] so0L M SOIM SOIM SOIM SOIM SO2M SO 2M
Inital [SDS] SDSO01M SDSOIM SDSO5M SDSO5M SDSO5M SDSO5M SDS0.8M
[SO] (M) 0.05 01 0.2 0.3 04 0.5 0.6
VsiVso  6.67/10 13.3312 5.3312 8060  1067/80 133350  6.0/100

SO 2 M
SDS01 M

0.7
13117

SO 1M
SDS 05 M
0.7
3.11/14

SO 2M
SDS05M

0.7
7-Jul

SO2M
SDS 1 M

0,7
9.33/7

SO 2 M
SDS 0.1 M
0.8
8.42/8.0

SO 2M
SDS05M
08
3.56/8.0

SO2M
SDS05 M
0.8
8.0/8.0

SO 2M
1M
08

10,67/8.0

SO2M SO 2M
SDS01M SDS05M

0.9 1
94719 2.105/10.0

SO2M SO 2M
SDS05M SDS05M
0.9 1
4009.0 444100

SO2M SO 2M
SDS05M SDS05M
0.9 1
9.00.0  10.0100

Ay SO 3 M
SDSL1M SDS 1M
09 1
12060 1333667



SDS/S0 = 60/40 ,Volume = 20 ml

Inital [SO] so 1M SOIM SOIM SOIM SOIM SOIM SO2M SO 2M B
Inital [SDS] SDS01M SDSO1M SDSO5M SDS 1M SDS IM SDS 1M SDS 1M SDS IM SDS 1M

[SO] (M) 0.05 01 0.2 0.0 04 0.5 0.6 08 1
VsVso 150110 6.0/2.0 120040  9,0/6.0 12080 15050 18060 24080  30.0/10.0

SDS/SO =80/20 , Volume = 20 ml
Inital [SO] so01M SOIM SOIM SO2M SO2M SO2M SO 2M SO 2 M Qo
Inital [SDS] SDS05M SDSO5M SDS 1M SDS 1M SDS 1M SDS !'M SDS1M SDSIM SDS1M
[SO] (M) 0.05 01 0.2 0.3 04 0.5 0.6 0.8 1
Vsi/Vso 80100 16020  160/40 240130 32040 40050  48.0/60  64.0/80  80.0/10.0

SDS/SO =90/10 , Volume = 20 ml

Inital [SO] SO 1M SO2M SO2M SO2M SO2M SO2M SO2M SO2M SO2M
Inital [SDS] SDS05M SDS 1M SDS 1M SDS 1M SDS 1M SDS 1M SDS IM SDS 1M SDS 1M

[ 1M 0.05 0.1 0.2 0.3 0.4 0.5 06 08 I
Vsas/Vso 18010 18010 36020 54080 72040  90:050  108.0/6.0 144080  180.0/1.0

SDS/SO =95/5 , Volume = 20 ml
Inital [SO) SO 1M SO2 M SO2M SO2M SO2M SO2M SO2M SO2M SO2M
Inital [SDS] SDS 0.0IM SDS 1M SDS 1M SDS 1M SDS IM SDS IM SDS !'M SDS 1M SDS IM
[SO] (M) 0.05 U1 0.2 3 04 0.5 0.6 0.8 1
VsdVso  190/10  38.0/1.0 76020  114/30 15240 19050  228/60  304/80  380.10)



Table A-2  The measured and calculated CMC value (fCMCmixg at different pH

Mole fraction
of Soap in
the mixture
pure SDS
0.6
0.8
0.9
0.9

pure SO

and different mole ratios for the mixture of so and

pH 9

measurement

1.8 x 1003

1.86 x 10-1

2.5 x 10-1

16x 101

2.3 x 10-1

35x 101

DS.

CMCmix (M)
pH 7

calculation measurement
7.8 x 10-3 7.6 X103
1.89 x 10-2 16x 101
3.58 X 10-2 2.3 x 10-1
8.64 x 10-3

8.2 x 10-3

3.5 x 10-! 2.95 x 10-1

calculation
7.6 x 10-3
1.83 x 10-2
3.44 x 10-2
8.42 x 10-3
8 x 10-3
2.95 x 10-!
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Experimental Data of Phase Boundary
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Table B-1  The points on the phase boundary for so atpH 9, T =30°

Initial concentration (M) Residual concentration % of SO Ksp

SO Calcium S0 Calcium  precipitated (M3)
3% x 102  202X103  296x 102  105x 103 2524 311 x 105
963 X102  337x 104  689x 102 156 X 104 2846 107 X105
442 x 101 113 x 104 32x 101 565 x 103 2153 181 x 105
492 x 10" 128 x 104 37x10-1  64x 105 24,88
6.27x 10-1  373x 104 48 x 101  187x 105 22.16
934 x 10-1  6.54 x 104 70x 101 327 x 105 25.11



Initial concentration (M)

SO

3.18 X10-2
5.8 x 10-2
9.11 x 101
125 x 101
3.14 x 10-1
3.98 x 10-1

Calcium

18 x 10-3
4.67 x 10-4
2.1 x 10-4
1.85 X 10-4
9.71 X105
1.86 x 10-4

Residual concentration (M)

SO

247 x 10-2
4.37 x 10-2
6.84 x 10-1

9.3 x 101
2.27 x 10-1
3.04 x 101

Calcium

9.3 x 10-3
2.28 X10-4
8.51 x 10-5
4.72 x 10-5
4.25 x 10-6
2.01 x 105

Table B-2  The points on the phase boundary for so atpH 7, T =30°C

% of SO
precipitated

22.45
24.65
24.86
25,61
21.55
23.56

Ksp
(M3)

2.29 x 10-5
9.96 X 10-6
5.83 x 10-6
4.39 x 10-6



Table B-3  The points on the phase boundary for the mixture ofso and SDS

at mole ratio of SDS/SO = 5/95 ,atpH9,T=30 0

Initial concentration (M)

S0

3.39 x 10-2
1.32 x 10-2
158 X10-1
2.6 x 101
349 x 10-1
4.25 x 10-1
4.8 x 10-1
6.08 x 10-1
112 x 10-1

SDS
1.78 x 10-3
3.85 X10-3
8.31 X10-3
1371 X10-2
183 X10-2
2.24 X10-2
2.52 x 10-2

3.2 X10-2
3.75 X 10-2

Calcium
3.05 x 10-3
2.56 X 10-3
2.01 x 10-3
13 x 10-3
1.18 X 10-3
14 x 10-3
1.88 x 10-3
2.32 X10-3
2.78 x 10-3

Residual concentration (M)

S0

2.3 x 10-2
4.75 x 10-2

10 x 10-1
177 x 10-!
2.39 x 10-1
2.83 x 10-1
2.93 x 10
3.87 x 10-1
4.63 x 101

SDS
141 x 10-3
2.98 x 10-3
6.54 X 10-3
1.04 x 10-2

14x 102
1.64 x 10-2
1.82 x 10-2
2.34 x 10-2
2.68 x 10-2

Calcium
1.68 X 10-3
1.22 x 10-3
9.88 x 10-4
6.31 X 10-4
b.74 x 10-4
6.99 X 10-4
9.16.x 10-4
121 x 103

15 X 10-3

%0fSO % of SDS
precipitated precipitated
32.2 20.89
3.1 22,65
365 21.36
31.64 23.87
31.55 25.63
33.25 26.54
389 27.96
36.27 26.77
35.02 28.55



ek T of SO0 o6 g 7 T2 e e

Initial concentration (M) Residual concentration (M) %of SO % of SDS

SO SDS Calcium SO SDS Calcium  precipitated precipitated
391 x 102 206x 103 215x103 269x102 158x 103 114 X10-3 L1 23.0
867/ x 102 456X103 997x104 588x102 353x10-3 5.02x 10-4 32.2 22.62
188 x 101 9.88 X10-3 563 x 10-4 127x 101 724x 10-3 287 x 10-4 3251 26.75
219x 10> 146x 102  51X104  17x10-1  11x10-2 253 X104 39.3 24.89



Table B-5 The points on the phase boundary for the mixture of so and SDS
at mole ratio of SDS/SO = 10/90 , atpH 9, T=230°c

Initial concentration (M)

S0
3.66 x 10-2
1.57 X10-2
1.53 x 10-!
2.44 x 10-!
3.17 x 10-1
3.88 x 10-1
4.56 x 10-!
584 x 1011
1.07x 101

SDS
4,07 X10-3
841 X10-3

17 x 10-2
2.71 x 10-2
3.92 X10-2
4.32 X 10-2
5.07 x 10-2
6.48 x 10-2
1.86 X 10-2

Calcium

248 X103
2.31 x 10-3
2.26 x 10-3
183 x 10-3
1.98 X 10-3
2.14 x 10-3
2.28 X103
2.63 x 10-3
2.83 x 10-3

Residual concentration (M)

SO
247 X10-2
491 x 10-2
102 x 10-1
1.55 x 10"
2.23 x 10-1
2.59 x 10-1
2.9 x 101
4x 101
48 x 10-1

SDS
2.96 x 10-3
6.42 x 10-3
1.24 x 10-2
1.92 x 10-2

2.1 x 10-2
3.23 x 10-2
3.19 X 10-2
4.11 x 10-2
6.28 x 10-2

Calcium
8.24 x 10-3
1.25 X10-3

11 x 10-4
9.73 x 10-4
9.95 x 10-4
118 x 10-3
1.22 X103

14 x 10-3
151 x 10-3

%of SO 9% of SDS
precipitated precipitated
32.6 2114
35.11 23.65
33.22 26.63
36.3 29.14
29.7 23.35
33.32 25.08
36.38 25.18
3143 2141
32.11 20.11



Table B-6

The points on the phase boundary for the mixture of so and SDS
at mole ratio of SDS/SO = 10/90 , atpH 7, T=30°c

Initial concentration (M)

SO

3.98 x 10-2
8.75 x 10-2
1.85 x 10-1
2.75 x 10!
38 x 1Q-1

SDS

443 x 10-3
9.72 x 10-3
2.06 x 10-2
3.05 x 10-2
4.22 x 10-2

Calcium

1.99 x 10-3
9.18 x 10-4
6.94 x 10-4
5.97 x 10-4
4.27 X 10-4

Residual concentration (M)

SO

2.46 x 10-2
5.64 x 10-2
117 x 101
172 x 101
2.83 x 10-1

SDS

3.38 x 10-3

1.3 x 10-3
155 X 10-2
2.34 x 10-2
3.24 x 102

Calcium

101 x 10-3
5.16 x 10-4
3.74 x 10-4
321 X10-4
2.27 x 10-4

% of SO

% of SDS

precipitated precipitated

38.4
35.47
36.63
31.2
25.5

23.57
24.89
24.6

23.57
2331



Table B-7  The points on the phase houndary for the mixture of so and SDS
at mole ratio of SDS/SO = 20/80 5at pH 9, T=30°¢

Initial concentration (M)

S0
343 x 10-2
1.14 x 10-2
175 x 10-!
2.84 x 10-!
381 x 10-!
466 x 10-1
5.62 x 10-!
6.82 x 10-1
131 x 10-!

SDS
8.58 x 10-3
1.78 x 10-2
4.38 x 10-2
1.09 x 10-2
9.52 x 10-2
1.16 x 10-1
141 x 10-!
171 x 10!
183 x 10-1

Calcium

3.09 x 10-3
2.85 x 10-3
1.18 x 103
4.26 x 10-4
476 x 10-4
5.13 X 10-4
5.63 x 10-4
1.36 x 10-3
2.56 X 10-3

Residual concentration (M)

S0

2.34 x 10-2

5.1 x 10-2
111 x 10-1
1.92 x 10-1
2.48 x 10-1
3.14 x 10-1
3.9 x 101
437 x 101
4.73 x 101

SDS
6.43 x 10-3
1.37 x 10-2

2 x 10-2
5.31 X10-2

1.3 X10-2
9.27 x 10-2

1x 10-2
1.27 x 10-2
1.35 X'10-2

Calcium
1.29 x 10-3
18 x 10-3
7.56 X 10-4
3.39 x 104
2.52 x 10-4
2.96 x 10-4
3.66 x 10-4
3.98 x 10-4
452 X 10-4

%0f SO % of SDS
precipitated precipitated
318 25.13
28.6 23.11
36.6 22.46
32.31 25.15
34.78 23.35
325 20.47
378 28.87
3597 25.44
35.24 26.1



Table B-s

The points on the phase boundary for the mixture of so and SDS
at mole ratio of SDS/SO = 20/80 5atpH 7, T=30°c

Initial concentration (M)

S0
3.13 x 10-2
1.53 x 10-2
1.76 x 10-1

2.1 x 10-1
3.7 x 101
4.57 x 101
521 x 101

SDS
9.34 x 10-3
1.88 X10-2

44 x 10-2
6.76 X 10-2
9.25 X10-2
114 x 10-1
132 x 10-1

Calcium
25 x 103
245 X103
1.06 x 10-3
9.02 x 10-4
6.01 x 10-4
1.6 x 10-4
11 x 10-3

Residual concentration (M)

S0
2.28 x 10-2
498 x 10-2
1.16 x 101
16 x 10-1
231 x 10-1
2.86 x 10-1
342 x 10-1

SDS
1.04 X10-3
1.39 X 10-2
3.34 X 10-2
4.73 x 10-2
6.99 x 10-2
8.77 x 10-2
9.93 x 10-2

Calcium
171 X103
188 x 10-3
6.59 x 10-4
6.82 x 10-4
2.9 x 10-4
407 x 10-4
5.07 x 10-4

%of SO % of SDS
precipitated precipitated
38.8 24.65
339 26.03
339 24,01
3112 30.11
36.04 24.41
36.87 23.2
35.06 24,74



Table B-9  The points on the Bhase boundary for the mixture ofso and SDS
at mole ratio of SDS/SO = 40/60 ,atpH9,T=30 0

Initial concentration (M) Residual concentration (M) %o0f SO % of SDS

S0 SDS Calcium SO SDS Calcium  precipitated precipitated
28x 102 187x102 44x103 186x102 141 X103 117x 103 3347 24.48
831 X102  554X10-2 166x 10-3 536 X10-2 423x 102 842x 104 3551 23.75
169x 101 L13x10* 144x 103 104x 101 854x10-2 58 X104 383 2441
276x 101 184x 10" 691x104 18 x10-1  14x10-1  439x 104  33.62 24.17
339x 101 226x10-1 127X10-3 238x10-1 166x 101  7.74x 104 299 26.46
416x 10-1  277x10-1 154x103 256x 101 207x 101 812 X104  38.39 25.34
485 x 101 324x10%1 L174x 103 332x 101 239x 101 894 X104 3157 26.11
5.82x IQ1  388x10-1 262x103 397x 101 291x 101  147x 104 318 25.13



Table B-10  The

Initial concentration (M)

S0
2.52 x 10-2
1.67 x 10-2
153 x 10-1
2.38 x 10-1
3.15 x 10-!
381 x 10°1
4.44 x 10-1

SDS

1.68 x 10-2
5.11 X10-2
102 x 10-1
158 x 10-1
2.1 x 10-1
2.54 x 10-1
2.96 x 10-1

Calcium
485 X 10-3
2.11 x 10-3
191 x 10-3
158 x 10-3
1.97 X103
2.17 x 10-3
2.33 X10-3

Foints on the phase boundary for the mixture of so and SDS
at mole ratio of SDS/SO = 40/60 , at pH7 5T = 30°c

Residual concentration (M)

S0
1.68 x 10-2
4.83 X 10-2
1.06 x 101
159 x 10-1
197 x 10-1
2.63 x 10-1
2.84 x 10-1

SDS
1.28 x 10-3
3.83 X10-2
1.42 X10-2

12 x 10-1
155 x 10-1
19x 101
219 x 10-1

Calcium
2.29 x 10-3
1.12 X'10-3

11 x 10-3
1.94 x 10-4
1.02 x 10-3
1.05 x 10-3
1.22 X 10-3

%of SO % of SDS
precipitated  precipitated
33.12 23.64
37.0 25.18
306 27.16
3.1 24.31
37.36 26.31
30.73 25.4
35.98 26.11



APPENDIX ¢
Experiment Data of Acid Soap at pH 7



Table C-I Formation of acid soap at pH 7

Mole ratio of Concentration of S0
SDS/SO where acid soap forms
o [ 100 0
5195 3 x 10-
10/90 4x 101
20/80 s x 101

40/60 o x 10-1



CURRICULUM VITAE

Name Thapanawat Nitithanyarattana
Birth Date 2 Oct 1972
Nationality ~ Thai
University Education
1991-1994  Bachelor’ Degree of Science in Chemical Engineering
Chulalongkorn University



	REFERENCES
	APPENDICES
	APPENDIX A
	APPENDIX B
	APPENDIX C

	CURRICULUM VITAE

