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APPENDIX A
Experimental Data from Precipitation Study

Table A Precipitation phase behavior at different cationic surfactant concentration ratio

System Cationic surfactant concentration (Y)

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
SDS-DTAB - ¥ ¥ ¥ ¥ - - ¥ ¥
SDS-CTAB S R /- I
SDS-DDAB + + + + + + + +
SDS-DTDACL t 1 t t t ¥ ¥ ¥
DTAB-AOT ¥ ¥ ¥ ¥ - - ¥ ¥
DTAB-AMA ¥ ¥ ¥ - - ~ ¥ ¥
DTAB-AAY + + + + + + + +
DTAB-Dowfax8390 + 1 1 + +

+ —Precipitates or liquid crystals occurred
- —Clear solution

+ + + + +



APPENDIX B
Experimental Data from Phase Diagram and Solubilization Studies

Table B-la Winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
SDS-DTAB in hexane.

Y

0.0
0.1
0.2
0.3
04
0.5
0.6
0.7

0.8

0.9

1.0

Concentration (M)
DTAB  SDS
0.000 0,050
0.005  0.045
o.0t0  0.040
0015 003
0.020  0.030
0025 0025
0030  o.020
003 0015
0040  o.010
0.045  0.005
0050  o.000

Ms

i

0.1089
0.1096
0.1104
0.1111
0.1119
0.1126
0.1134
0.1141
0.1149
0.1156

Winsor  Phase

type
I

Upper
50972

50.595
51.173
51.071
43,041
49.953
49.262
49.969
50.691
50.887
51.202

height
middle

133

(mm)
lower
52.028
52.405
51.827
51.929
46.596
53.047
h3.738
53.031
52.309
52113
51.798

Relative Volume Vo
upper  middle lower (ml)
0*495 0505 0.077
0.491 0509 0.132
0.497 0503 0.048
04% - 0504 0.063
0418 0130 0452 1232
0485 - 0515 0225
0.478 0522 0.326
0.485 0515 0.223
0.492 0508 0.118
0.494 0506 0.089
0.497 0503 0.043

SPo

(mlfg)
0.712

1.210

0.434
0.567
11.085
2.013
2.894

1.967

1.033
0.778
0.375

Vv
(ml)
7,500
7.500
7.500
7.500
0.714
7,500
7,500
7.500
7.500
7.500
7.500

69.353
68.876
68.406
67.941
6.426
67.032
66.986
66.147
65.713
65.284
64.861



Table B-Ib winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
SDS-CTAB in hexane.

Y Concentration(M)  Ms ~ Winsor Phase height (mm)  Relative Volume Vo SPo  Vw  SPw
CTAB DS ()  tye upper middle lower upper middle lower (ml) (mlig) (ml) (mifg)
|

00 o000 0050 01081 51344 - 51656 0498 - 0502 0023 o210 7.500 69.353
. 0005 0045 01114 | 49245 - 53755 0478 - 0522 0328 2948 7500 67.314
o2 o.0w 0040 01147 M 47220 24493 31287 0458 0238 0304 0623 5435 2944 25665
03 0015 003 01180 Il 40821 22984 39195 0396 0223 0381 1555 13183 1792 15190
04 o020 0030 o022 1 50140 - 52860 0487 - 0513 0198 1634 7500 61858
05 0025 005 01245 | 47027 - 559713 0457 - 0543 0651 5231 7500 60.231
o6 0030 o020 01278 1 4839 - 54605 0470 - 0530 0452 3538 7500 58.687
07 003% 0015 01311 I 30811 - 52189 0493 - 0507 o000 0765 7500 57.220
os 0040 o000 01343 I 50641 - 52359 0492 . 0508 0125 0931 7500 55825
09 0045 0005 01376 | 5030 - 52650 0489 - 0511 0167 1217 7500 54.496
|

o 0050 o000 02409 50499 . 52501 04%0 . 0510 0146 1035 7500 53229



Table B-Ic winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
SDS-DDAB in hexane.

Y  Concentration (M)

0.0
0.1
0.2

0.3
04
0.5
0.6
0.7
0.8

0.9

1.0

DDAB
0.000

0.005
0.010

0.015
0.020

0.025
0.030
0.035
0.040
0.045
0.050

SDS
0.050
0.045
0.040
0.035
0.030
0.025
0.020
0.015
0.010

0.005

0.000

Ms
(9)
0.1081
0.1150
0.1219
0.1288
0.1357
0.1426
0.1495
0.1564
0.1633
0.1701
0.1770

Winsor  Phase

type
I
|
I
I
I
I
I
|
|
I

height ~ (mm)
upper middle lower
51344 . 51656
51.156 51.844
50.332 52.668
48.324 54,676
48.744 54.256
49.243 53.752
50.379 52.621
50.365 52.635
49.876 53.124
49.976 53.024
51.939 51.061

Relative Volume
upper middle lower
0498 - 0.502
0.497 0.503
0.489 0.511
0.469 0.531
0.473 0.527
0.478 0.522
0.489 0511
0.489 0.511
0.484 0.516
0.485 0.515
0.504 0.496

Vo
(ml)
0.023
2.550
2.670
2.963
2901
2.828
2.663
2.665

-2.137

2.122
2.436

SPo
(mlfg)

0.210

22.168
21.901
23,000
21.381
19.833
17.817
17.045
16.762
15998
13.761

W
(ml)
7,500
7,500
7,500
7,500
71,500
7,500
7,500
71,500
7500
7500
7,500

SPw

(mlfg)
69.353

65.199
61.515
58.225
55.269
52.999
50.175
47.964
45.940
44,080
42.365



Table B-ld winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
SDS-DTDACL! in hexane.

Y Concentration (M) ~ Ms  Winsor Phase height ~ (mm) Relative Volume Voo SPo  Vw  SPw
DTDACL SDS (g  tyoe upper middle lower upper middle lower (ml) (mlig) (ml) (mlig)
|

0.0 o000 0050 01081 51344 - 51656 0498 - 0502 0023 o210 7500 69.353
o0 0005 0045 01194 | 44234 . 51900 0460 - 0540 0558 4675 7.000 58.619
02 o0t 0040 01379 I 48136 - 47997 0501 - 0499 7.000 50.763 o.010 0.073
03 0015 003 01564 Il 68187 - 27946 0709 - 0291 7.000 44.763 2930 18.738
04 o020 0030 01749 | 33974 - 62159 0353 . 0647 2052 11737 7.000 40.032
05 0025 005 01933 I 49571 - 46562 0516 - 0484 7.000 36.205 0.219 1.133
o6 0030 o020 02128 I 48998 . 47135 0510 - 0490 7.000 33046 0.136 0.640
07 003 0015 02303 I 49554 . 46580 0515 - 0485 7.000 30394 0.217 0.940
o8 0040 o000 02488 Il 51080 - 45054 0531 - 0469 <7.000 28.137 0439 1764
09 0045 0005 0273 NI 39842 11600 44691 0414 o120 0465 3198 11965 0492 1839

to 0050 o000 02858 NI 41573 10329 44231 0432 0107 0460 2946 10309 0559 1955



Table B-2a Winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
DTAB-AQT in hexane.

Y

0.0
0.1
0.2
0.3
04
0.5
0.6
0.7

0.8

0.9

Concentration (M)

DTAB  AOT
0.000 0,050
0.005  0.045
o.0t0 0040
0015 003
0.020  0.030
0025 002
0030  o0.020
0035 0015
0040 0.0t
0.045  0.005
0.050  0.000

Ms
9)
0.1554
0.1507
0.1459
0.1412
0.1364
0.1317
0.1269
0.1222
' 0.1174
0.1127
0.1156

Winsor
type
|
|
|
|
I
I
|
|
I

Phase
Upper
49,717
48.549
48,022
48.389
47759
47421
48.375
53.757
46.171
46.846
51.202

height
midale

(mm)
lower
46.417
47 584
48112
47744
48.374
48.712
47.758
42 377
49.962
49 287
51.798

Relative Volume
upper middle  lower

0.517 0.483
0.505 0.495
0.500 0.500
0.503 0.497
0.497 0.503
0.493 0.507
0.503 0.497
0.599 0.441
0.480 0.520-
0.487 0.513
0.497 0.503

Vo SPo

(ml)  (mlfg)
7.000 45.045

7000 46.465
1000 47.977
7.000 49.590
0.045 0.329
0.094 0.714
7,000 55.156
7,000 57.299
0276 2351
0.178 1578
0.043 0375

Vi
(ml)
0.240
0.070
0.007
0.047
7.000
7.000
0.045
0.829
7.000
7.000
7500

SPw

(mlfg)
1.546

0.467
0.045
0.333
51316
53.167
0.354
6.783
59.616
62.128
64.861



Table B-2b winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of

DTAB-AMA in hexane.

Y

0.0
0.1
0.2
0.3
04
0.5
0.6
0.7
0.8
0.9
10

Concentration (M)
DTAB  AMA
0.000  0.050
0.005  0.045
o.0t0  0.040
0015  0.03%
0.020  0.030
0025 002
0030  o0.020
0035 0015
0040 0.0t
0.045  0.005
0.050  0.000

Ms
(9)
0.1821
0.1754
0.1688
0.1622
0.1555
0.1489
0.1422
0.1356
0.1289
0.1223
0.1156

Winsor  Phase

type
I

Upper
48911
51.037
47.994
52.006
51.859
51.580
50.694
47,621
48,845
51.358
49,728

height
midale

33.333

(mm)
lower
54,089
51.963
21.673
50.994
51.141
51.420
52.306
55.379
54.155
51.642
53.272

Relative Volume
upper middle  lower
0475 - 055
04% - 0504
0.466 0.3236 0.210
0.505 0.495
0.503 0.497
0.501 0.499
0.492 0.508
0.462 0.538
0.474 0.526
0.499 0.501
0.483 0.517

Vo
(ml)
0.377
0.067
4,344
71,500
71,500
7,500
0.117
0.565
0.387

0.021

0.258

SPo
(mlig)
2.071
0.384
25.733
46.253
48.229
50.383
0.826
4.167
2.999
0.169
2.232

W
(ml)
7,500
71,500
0.511
0.074
0.052
0.012
7500
71,500
71,500
7,500
7,500

SPw
(mlfg)
41.188
42.749

30

0.454

0.3

0.078
5,731
55.322
58.174
61.336
64,861



Table B-2¢ winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
DTAB-AAY in hexane.

Concentration

Y ) Ms ~ Winsor Phase height (mm)  RelativeVolume Vo  SPo W SPw

DTAB  AAY (g  type upper middle lower upper middle lower —(ml) (mlig) (ml) (mlilg)
00 oooo 0050 01350 | 48337 - 54663 0469 - 0531 0461 3412 7500 55.556
0. 0005 0045 01331 | 5042 - 52578 0490 - 0510 0157 L1179 7.500 ©56.304
02 oo 0040 01311 NI 47636 15505 39.859 0462 01505 0387 0563 4291 16% 12929
03 0015 003 01292 I 52602 - 50398 0511 - 0489 7500 58054 0160 1242

04 0020 0030 01273 46617 - 56383 0453 - 0547 0711 5588 7500 53938
05 002 0025 01253 49953 - 53047 0485 0515 0225 1797 7500 ©59.849
06 0030 o020 01234 1l 33518 24145 45337 0325 04688 0206 2619 21225 0898 7274

I
I
I
07 003% 005 01214 1 50109 - 52891 0486 0514 0203 1ses 7500 61758
I
|
I

os 0040 o010 01195 50.765 - 5223 0493 - 0507 0107 08% 7500 62.759
09 0045 0005 0.1176 49174 - 53826 0477 - 0523 0339 2881 7500 63.793

to 0050 o000 01156 50964 - 52036 04% . 0505 0078 0676 7500 64361



Table B-2d winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
DTAB-Dowfax8390 in hexane.

Concentration

Y ™) Ms  Winsor Phase height (mm)  Relative Volume Vo SPo  Vw  SPw
DTAB Dgg/\gfgx ()  tyoe upper middle lower upper middle lower (ml) (mlig) (ml) (mlig)
00 o000 0050 oeees | 51224 - 51776 0497 - 0503 0040 0060 7.500 11.215
o. 0005 0045 06134 | 51216 - 51784 0497 . 0503 0041 0067 7500 12226
o2 oot 0040 05581 | 50911 - 52089 0494 - 0506 0086 0154 7500 13433
03 0015 003 0528 I 50950 - 52050 0495 - 0505 0080 0159 7.500 14916
04 o020 0030 04475 1 51194 51806 0497 - 0503 0045 009 7500 16.760
05 0025 0025 03922 | 51450 - 51550 0500 - 0500 0007 0019 7500 19.123
o6 0030 o020 03369 49577 - 53423 0481 - 0519 0280 -083 7500 22.263
07 003 0015 02816 I 48732 14918 39350 0473 - 0527 1769 6.284 0403 1432
08 0040 00w 02263 | 50424 . 52576 0490 - 0510 0157 0692 7500 33148
09 0045 0005 01709 | 51010 - 51990 0495 - 0505 0071 0417 7500 43.874
|

o 0050 o000 01156 50964 - 52036 0495 - 0505 0078 0676 7.500 64.861



Table B-3a winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
DTAB-AAY in hexadecane.

Y Conc?p/})ratlon Ms ~ Winsor Phase height (mm)  RelativeVolume Vo SPo  Ww  SPw

DTAB  AAY ()  type upper middle lower upper middle lower (ml) (mlig) (ml)  (mlig)
0o o000 0050 01350 I 33002 - 35665 0481 - 0519 5000 37037 0194 1437
o. 0005 0045 01331 1 3395 - 34720 0494 - 0506 5000 37576 0056 0425
02 oot 0040 01311 I 34264 - 34402 0499 - 0501 5000 38131 0.0 0077
03 0015 003 01292 | 34128 - 34539 0497 - 0503 5000 38703 0030 0231
04 o020 0030 01273 | 34042 - 34625 049% - 0504 5000 39292 0042 0333
05 0025 0025 01253 Il 35688 31526 32979 0520 0.0459 0434 0656 5238 0262 2089
o6 0030 o020 01234 N 36446 - 322201 0531 - 0469 0308 2493 5000 40.526
07 003% 005 01214 I 36429 - 32238 051 - 0469 0305 2513 5000 41172
08 0040 00w 01195 I 372 - 30945 0549 - 0451 0494 4130 5000 41.839
09 0045 0005 01176 I 37577 - 31089 0547 - 0453 0472 4018 5000 42529

o 0050 o000 01156 I 50964 - 52036 0495 - 0505 0078 0676 7.500 64.861



Table B-3b winsor type of microemulsion and phase volume at different cationic surfactant concentration ratio for microemulsion of
DTAB-AAY in TCE.

Y Concentration (M) Ms ~ Winsor Phase height (mm)  Relative Volume Vo SPo VW  SPw
DTAB  AAY  (g) type upper middle lower upper middle lower (ml) (mlig) (ml)  (mlig)

00 0000 000 0130 I 34213 34454 0498 0502 0018 0130 5000 37.037
01 0005 0045 01331 I 33920 - 34747 049 - 0506 0060 0453 5000 37.576
02 oor0 0040 01311 I 33569 - 35098 0489 - 0511 o 0849 5000 38131
03 005 003% 01292 1 33917 - 34750 0494 - 0506 0061 0469 5000 38.703
04 o020 0030 01273 | 34098 - 34569 0497 - 0503 0034 0270 5000 39.292
05 002 005 01253 | 33970 - 346% 04% - 0505 0053 0422 5000 39.899
06 0030 o020 01234 I 33742 - 34924 0491 - 0509 0086 0698 5000 40526
07 003% 0015 01214 | o348 - 35228 0487 -1 0513 0130 103 5000 41172
08 0040 o000 01195 Il 37643 - 31023 0548 - 0452 5000 41839 0482 4.034
09 0045 0005 01176 I 34862 - 33805 0508 - 0492 5000 42529 0077 0635

10 0050 0000 01156 | 50964 - 52036 0495 . 0505 0078 0676 7500 64861



Example for calculation of total mass of surfactant (Table B-2c DTAB-AAY in hexane)

atY=01

The cationic surfactant ratio (Y) = [DTAB] =01
([DTAB] + [AAY])

The total surfactant concentration or [DTAB] + [AAY] = 0.05 M

The concentration of DTAB, [DTAB] = 0.1 x 0.05 = 0.005 M

The concentration of AAY, [AAY] =0.05 - 0.005=0.045 M

The total surfactant solution volume = 7.5 ml

[DTAB] 0.005 M prepared by DTAB 0.05 M, 0.75 ml

The DTAB used = (0.05 x 0.75) /1000 = 0.0000375 mol

M.w. of DTAB = 308.35 g/g mole

The mass of DTAB used = 0.0000375 x 308.35 = 0.0115631 ¢

[AAY] 0.005 M prepared by AAY 0.05 M, 6.75 ml

The AAY used = (0.05 x 6.75) /2000 = 0.0003375 mol

M.W. of AAY =360.00 g/g mole

The mass of DTAB used = = 0.0003375 x 360.00 = 0.1215 ¢

The total mass of surfactant = 0.0115631 +0.1215 = 0.1331 ¢

Example for calculation of relative volume (Table B-2c DTAB-AAY in hexane)



Winsor type | Winsor type Il Winsor type Il

Scale, mm Relative volume Scale, mm Relative volume Scale, mm Relative volume
mm

V, =50.398 =0.489
103

Vy=47.636 =0.462

Vn=52578 =0.490
47.636 103 52578 108

Vy=50.422 =0.490

50.422 103

15.505

| v.=52.578 =0.510
' 103

39.859 8 20.3%

Y=03



Example for calculation of solubilization parameter (Table B-2c DTAB-AAY in hexane)

Winsor 'Y Ms(g) Total

WP E:iagsﬁt Vo (mi) SPo (milg) Vi () P (mlg)
(mm)
|0l 01BL 108 (103/6.8667)02- )
S 7.5000.1331=6.364
ol <otg VSTNIBL= L0 (10968667) 22750 T5001331:636
I oo 0131 103 (L0368667)/2-  0563/01311=4291 (L03/6.8667)12- 1.695/0.1311= 12929
(47.63616.8667) = 0,563 (39.859/6.8667)= 1695
I 03 01292 103 (103068667 /2=750 750001292 = 58,054 (L03/6.8667)12 - 0.1600.1292= 1242
(50398/6.8667) = 0,160



APPENDIX ¢
Experimental Data from Interfacial Tension Measurement

Table ¢ The interfacial tension between excess phase and microemulsion phase for varying cationic surfactant mole ratio scan at 0.05
M total surfactant concentration

Hexane Hexadecane  TCE
Y SDS- SDS- SDS-  SDS-  DTAB- DTAB- DTAB- DTAB- DTAB-  DTAB-
DTAB CTAB DDAB DTDACI AOT  AMA  AAY  Dowfax8390 AAY AAY

00 1907 1907 1907 1907 04271 163 2180 3.258 5.250 0.186
01 : 1268 0511 - 0644 0267 0334 6.578 0.9251 0.312
02 1720 : 0.404 : 1.222 : 0.076 : 0.340 0.425
03 0269 : : 0919 1693 o020 0.00 5.243 : 1.937
04 0175 : 2099 3126 3281 0515 0372 2.996 0.349 4121
0.5 : : 0522 2060 0919 038 1.358 0.927 5.338

0.6 : : 3990 1042 0556 0284  0.149 1.647 0.316 0.989
0.7 038 0780 3177 07127 0034 0093 019 0.434 0.689 0.2
os 0837 098 1728 0418 03% 0392 0733 0.963 2.085 6.539
09 195 1149 0839 03% 0% 138 164 1617 2.115 1.741
10 2480 2478 0361 0054 2480 2480 2480 2.480 9.376 1.242
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