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Appendix A Critical Micelle Concentration (CMC) Measurement

1 Critical Micelle Concentration (CMC)

APPENDICES

Table AL Critical micelle concentration (CMC) of Cid.i5H29-3i-(P0)g-S04Na with

4.6 %w/v NaCl at 30 °c

=
o

Table A2 Critical micelle concentration (CMC) of Cid-i5H29-3i-(P0)8-S04Na
without NaCl added at 30 °C

=
o

Bswooo—uwdo oI H~Wr

8PO Cone.
(pg/l)

8
10
20
40
60
100
200

400
600

Ist
63.7
66.9
595
63.5
50.3
471
45.7
3.1
335
34.6
30.6
30.1

Ist
413
40.8

35.4
4.1
34.5
344
33.9
338
334

Surface Tension

2nd
66.4
66.7
61
62.3
504
46.2
46.6
31.1
334
340
308

30.2 -

o

66.1
66.7
615
62.4
504
46.7
46.2
3.1
333
34.3
308
30.2

Surface Tension (mN/m)

2nd 3rd
474 41.3
408 40.8
39 39
354 354
4.7 . 4.7
34.6 344
34.4 344
337 33.6
338 33.6
335 335

Ave,
66.3
66.8
60.7
62.4
50.4
46.7
46.2
3.7
334
34.3
30.7
30.2

Ave.
41.3
40.8
39.0
354
34.7
345
344
33.7
33.7
33.5



Table A3 Critical micelle concentration (CMC) of Clo-lsHbs29-(EQ)s-OH without
NaCl added at 30 °C

3EO Co

No. (nM)
1 4
2 6
3 8
4 10
) 20
0 40
/ 60
8 200
9 400
10 600

1st
48.5
42 4
39.4
36.5
311
29.6
28.6
211
26.8
26.6

Surface Tension (mN/m)

2nd 3rd
485 485
419 4.7
38.8 38,5
359 35.6
316 316
29.4 29.7
288 29

215 21.3
26.7 26.9
26.5 26.8

Ave,
485
4120
38.9
36.0
314
29.6
28.8
213
26.8
26.6
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Table A4 Critical Micelle Concentration (CMC) of Ciz-mHas4s-(EQ)s-OH without
NaCl added at 30 °c

=
o

B@oo\lmcnhool\:,_\

5EQ Conc.(jaM)

4
6
8
10
20
40
60
200
400
600

Ist
53.6
505
475
443
36.2
31.6
29.9

29
28.9
28.8

Surface Tension (mN/m)

2nd 3rd
538 537
49.8 50.2
474 46.8
435 431
37 36.5
32.2 2.1
304 30.7
29.2 29.1
28.9 28.9
29 28.9

Ave.
53.7
50.2
472
43.6
36.6
32.0
30.3
29.1
28.9
28.9



Table A5 Critical micelle concentration (CMC) of Ci2-i4H2529-(EQ)9-OH without
NaCl added at 30 °c

No.  JEO Cone. Surface Tension (mN/m)
' ) 1st 2nd 3rd Ave
1 4 55,6 56.3 55.9 55.9
2 8 50 50 50 50.0
3 10 473 474 414 474
4 20 39.8 40.1 40.2 40.0
5 40 349 349 349 349
6 60 335 337 337 33.6
I 80 335 335 335 335
8 100 335 335 335 335
9 200 33 33 3 33.0
10 400 332 332 33.2 33.2
1 600 33.2 332 33.2 332

Table A6 Critical micelle concentration (CMC) of mixed surfactant system by 11
molar ratio with 4.6 %w/v NaCl at 30 °c

No.  Total Cone. Surface Tension (mN/m)

' (M) Ist 2nd 3rd Ave,
1 0.2 - 139 139 139 739
2 04 63.1 62.5 63.1 62.9
3 0.6 58.9 58.2 58.1 58.4
4 08 574 56.5 57.2 57.0
5 2 46.9 419 475 474
6 4 433 2.3 42.6 4.7
I 6 379 40.9 38 38.9
8 8 30.6 34.3 34.2 343
9 20 333 329 3.7 33.0
10 40 319 318 318 318



Table A7 Critical micelle concentration (CMC) of mixed surfactant system by 1.1
molar ratio without NaCl added at 30 °c

=
o

SRkbhEBswomociscwro

Total Cone.

OiM)

0.2

oo
cooo I~

2
4
o
20
40
60
80
100

1st
74.1
717
68.1

06

Surface Tension (mN/m)

.-2nd 3rd
144 742
716 70.8

63 68.1
66.1 66.1
56 557
499 492
424 41

3.8 35.8
32.5 321
317 317
315 315
314 314

Ave.
74.2
70.8
68.1
66.1
55.9
49.2
41.0
35.8
32.1
31.7
31.5
314
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Tabic A8 Critical micelle concentration (CMC) of mixed surfactant system by 1.0.1
molar ratio with 4.6 %w/v NaCl added at 30 °c

=
o

sHwooomo—woo o1~ wr

Total Cone.

(

coooS
O o o=

= Do
OO

)

1t
05.4
61.9

55.2
458
4.7
417
39.3
39.2
315

Surface Tension (mN/m)

2nd 3rd
65.9 65.9
61.9 61.9
h8A 58.2
54.9 55.2
458 458
54.7 54.7
417 411
39.3 39.3
39.2 29.2
37.2 374

Ave,
05.7
61.9
58.2
5.1
458
4.7
471
39.3
39.2
374
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Appendix B Hydrophilic-Lipophilic Balance (HLB) Calculation
1. Hydrophilic-Lipophilic Balance (HLB)
1.1 Anionic Surfactant

To calculate HLB value of anionic surfactant (Rosen, 2012)
using Equation B.|

HLB = 7+ X(# hydrophilic groups)- X (#hydrophobic groups)
= T+[(Sulfate)+(#EO)]-[(#CH3)+(#PO)] (B.I)

Remark Sulfate = 38.7: -CH3, -CH2 = 0.475; EO =0.33: PO = 0.15
1.2 Nonionic Surfactant

To calculate HLB value of nonionic surfactant (Rosen, 2012)
using Equation B.2

HER = 2 yMoleculas mess of hydrophiic (B.2)

Table BL Hydrophilic-Lipophilic Balance (HLB) of each surfactant

Surfactant Type Chemical Structure HLB Value
Anionic Extended C,4-5HX-3-(P0)8-S04Na 31.6
Cl2-14H25-29-(EQ)3-OH 8.0
Nonionic C,2-14H25-29-(EQ)5-0H 105

C 2-14HE29-EQ)HOH 133
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Appendix ¢ Effective Area Per Molecule (As) Calculation
1. Surface Area Per Molecule (As)

Table C1 Surface area per molecule Asof each surfactant system

Surface
Surfactant - Area Per
Type  chemical Stueture o) (molllooom) MczleAcg)leO
Single Systems _
anionic ~ C,4.5H29-3i-(PO)& S0Na/  -7.33 6.32E-11 262.96
extended 4.6%w/v NaCla -6.51 1.12E-10 148,04
. C2U14H529-EQ)3-OHb 117 2.02E-10 82.37
nonionic ~ C2-l4H25.29-EO)S-OHb ~ -11.3 1.95E-10 85.29
_ C2-14HA29-EQ)9-OHb  -941 1.62E-10 102.42
Mixed Surfactant Systems
11 Cid-i5HX-3i-(P0)8-S0MNa/  -20 1.72E-11 96.37
L1 Cl2-14H%.29-(EC)3-OH/ -11.2 1.93E-10 86.05
101 4.6%w/v NaCf -1.37 1.27E-10 130.76

Calculate hased on Equation 2.2
Calculate based on Equation 2.3
cCalculate based on Equation 2.4



Appendix D Dynamic Interfaciai Tension (IFT) Measurement

1. Dynamic Interfacial Tension (IFT)

Table D1 Dynamic interfacial tension (IFT) of Cid,i5H29,3i-(P0)8-S04Na with

different NaCl concentration after 20 min at 30 °c

NaCl Concentration

0

i) 1st 2nd
0 1.7762 1.776
2 0.1413 0.1412
4 0.0986 0.0986
42 0.0861 0.0861
44 0.0401 0.0400
4.6 0.0250 0.0250
48 0.0325 0.0324

5 0.1698 0.1697
1 0.2598 0.25%9

Measuring Time (20 mins)

3rd

1.776
0.1413
0.0986
0.0861
0.0401
0.0250
0.0325
0.1698
0.2597

Ave,
1.7761
0.1413
0.0986
0.0861
0.0401
0.0250
0.0325
0.1698
0.2598

62

Table D2 Dynamic interfacial tension (IFT) of Ci2-14HZ2+(EQ)n-OH with different

EO groups after 20 min at 30°c

40 Measuring Time (20 mins)
1st 2nd 3rd
3 2.1800 2.2769 2.2284
5 0.9700 0.9700 0.9700
9 0.5369 0.5368 0.5369

Ave,
2.2284
0.9700
0.5369
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Table D3 Dynamic interfacial tension (IFT) of mixed surfactant system (1:1 by
molar ratio) after 20 min at 30 °c

NaCl Cooncentration Measuring Time (20 mins)
(Yowiv) It 2nd 3rd Ave,
0 0.8482 0.8481 0.8482 0.8482
4.6 0.0240 0.0239 0.0240 0.0240

Table D4 Dynamic interfacial tension (IFT) of mixed surfactant system (L:0.1 by
molar ratio) after 20 min at 30 °c

NaCl Cooncentration Measuring Time (20 mins)
(Yowiv) 1st 2nd 3rd Ave,
0 1.4129 1.4549 1434 14339

46 0.0229 0.0229 0.0228 0.0229
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Appendix E Palm Stearin Solubilization Capacity Calculation
1. Palm Stearin Removal and Solubility

Table EI Palm stearin removal with different operated time

Onerated Surfactant Sam{)le_ Ave. %
Tirr)ne () No.  Concentration Concentration Semi-Solid ~ SD
(pM) (%) Fat Removal
S 1.18425
Initial
- 1.11701
Concentration 190218
11 0.68755
2 12 50000 0.88296 8.32 0.27
13 0.93302
21 0.93341
24 2.2 50000 0.8006 13.90 2.13
2.3 0.83662
31 0.72949
48 3.2 50000 0.75387 19.24 157
33 0.75596
41 0.57405
72 42 50000 0.56902 35.07 0.82
4.3 0.55516 /
51 0.4398
96 5.2 50000 0.59416 3291 0.27
53 0.58955
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Table E2 Palm stearin removal with different NaCl concentrations

c Na(tZI i \ CSurfactan_t Sample Avg. IO'/% ?:eqni- -
OQg/gyv,fVa)'O” 0. O”C(E%a“(_’ Concentration (%) R%rlnovgl

11 0.88362

0 12 50000 0.86236 1.12 1.03
13 0.90108
2.1 0.74605

2 2.2 50000 0.73336 20.52 0.75
Lb 0.74125
31 0.6898

4 3.2 50000 0.6757 24.65 0.07
3.3 0.69101
41 0.56902

4.6 4.2 50000 0.57405 35.07 0.82
44 0.55516
51 047503

5 52 50000 0.4855 4226 0.62
53 0.5019%
6.1 048641

I 6.2 50000 0.48559 41.77 0.04
6.3 0.48634

Table 3 Palm stearin removal with different EO groups in nonionic surfactant
[CI2 THHH(EO)n-OH]

Surfactant Ave. % Semi-

#EO - Sample !

goup O Conc(g%r)aﬂon Concentration (%) %%H]do\';gf SD
11 0.32603

3 12 50000 0.27514 59.59 0.20
13 0.27184
21 0.66709 "

) 2.2 50000 0.4286 49.56 4.20
2.3 0.35779
31 0.73364

9 3.2 50000 0.75587 20.09 1.32
3.3 0.68084



66

Table E4 Palm stearin removal with different surfactant molar ratios

Surfactant Sample Ave.%
Slérfgt%tr?]nt No.  Concentration Concenpration Semi-Solid ~ SD
y (M) §%7) Fat Removal
rovas L 0.50701
iNAC %% 50000 00426743185 43.21 0.57
21 0.8258
101 2.2 50000 0.84509 12.49 1.14
2.3 0.9482
TR 50000 e 6157 041
WNaCl 33 0.24678 | |
41 0.50569
11 4.2 50000 051376 39.79 0.48
43 0.46475

Table E5 Palm stearin removal with different surfactant [Cid-[5H29-3i-(P0)8-S04Na]
concentrations

Ave. % Semi/-

Surfactant Sample -
No- Goncentration (pM) Concentra‘gion (%) %%“rr?ogglt SD
1.1 0.81109
12 04 0.85728 10.68 0.02
13 0.85691
21 0.84434
2.2 08 0.83123 12.30 0.78
2.3 0.78929
31 0.85222
3.2 20 0.86896 1412 0.99
3.3 0.82335
41 0.8512
4.2 200 0.80565 10.27 0.10
43 0.8529
51 0.82518
5.2 2000 0.7842 11.10 1.37
53 0.76108
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Table E5 Palm stearin removal with different surfactant [Cid-i5H29*3i-(P0)8-S04N3]
concentrations (continued)

Ave. % Semi-
‘ Surfactant Sample -

NO- concentration (pM) Concentraton (%) %%lr#o{;glt SD

6.1 0.81861

6.2 10000 0.73848 17.76 0.50

6.3 0.74687

11 0.77071

1.2 15000 0.73657 2151 2.20

13 0.71912

8.1 0.66314

8.2 18000 0.64017 21.62 1.07
=) 0.6615

9.1 0.76289

9.2 20000 0.70127 24.40 093

9.3 0.68556

10.2 0.56902

101 50000 0.57405 35.07 0.82

10.2 0.55516

Table E6 Palm stearin removal with different surfactant [Cidi sH9-3i-(PO)&
S04Na/C1214H25-29-(E0)3-0H] concentrations of 1:1 by molar ratio .

Surfactant Sample Ave. % Semi-

NO- Concentration (pM) ~ Concentration (%) %%H]dogglt sD
11 0.89656

12 04 0.87424 831 132
13 0.9624

2.1 1.05104

2.2 08 0.8826 1.86 0.96
2.3 0.89886

31 0.89425

3.2 20 0.81776 -17.49

3.3 0.88971

4.1 0.86023

4.2 200 0.91079 10.42 0.00
4.3 0.8602
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Table E6 Palm stearin removal with different surfactant [Cia,'sH29,3i-(P0)g-
S04Na/Ci2-uH%-29-(E0)3-0H] concentrations of 1:1 by molar ratio (continued)

\ CSurfacita?_t Sample Avg. IO/& IS:ertni- -
0 On‘éERﬂr)a 0N Concentration (%) R%r:]ovgl

51 0.54925

5.2 2000 0.77399 21.06 0.65
53 0.78489

6.1 0.61749

6.2 3200 0.6 31.49 1.04
6.3 0.6893

71 0.35959

1.2 8000 0.5305 45.21 1291
13 0.66693

8.1 0.43006

8.2 10000 0.38559 50.19 0.13
8.3 043222

0.1 0.33133

0.2 12000 0.31979 55.23 0.68
9.3 0.59707

10.2 0.30241

101 20000 0.31499 h6.84 0.64
10.2 0.30132

Table E7 Palm stearin removal with different surfactant [Ci4,i5SH2)3i-(PO)g-
SO0ANa/Ci2-i4H25-29-(E0)3-0H] concentrations of 1.0.1 by molar ratio

Surfactant Sample Avg. Jo Sem-

NO- congentration ([iM) Concentrart)ion (%) %%“rﬁogglt SD
11 0.882

12 04 0.103589 8.39 0.28
13 0.88677

21 0.99454

2.2 08 0.89116 8.19 0.52
2.3 0.88235

31 0.89771

3.2 20 0.89631 1.33 0.08
3.3 0.86297
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Table E7 Palm stearin removal with different surfactant [Ci-i5H29-3i-(P0)g-S04Na
and C |2-i4H2529-(E0)3-OH] concentrations of 1:0.1by molar ratio (continued)

Surfactant Sample Avg. )b e
NO. concentration (iM) Concentra%on (%) %%lr'ndo\ljglt SD
41 0.75565
4.2 200 0.90279 192 151
4.3 0.87726
51 0.63075
52 2000 0.72835 28.13 2.14
53 0.6669
6.1 051447
6.2 5000 0.49417 40.24 1.20
6.3 0.44907
11 0.35736
1.2 10000 048276 42.12 0.95
13 0.46678
8.1 0.34477
8.2 20000 0.28782 26.43 0.31

0.34998
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Table E8 Palm stearin solubility of different surfactant [C|4-15H29-:,i-(P0)8-S04Na]
concentrations with 4.6 %w/v NaCl

Surfactant .
No, Conc(el\r}lt)ration Concesnatmilte)n o) Solubility (molL) Ave. ?,&l)um“ty
0.99281 2004.05
water 009978%156 gégggg 0.0025
11 0.82518 3680.35
o e AR ik -
21 0.81861 3746.05
5 T Y 100
31 077071 422505
o M 700 0 .
41 0.76289 4303.25
42 002 0.70127 4919.45 0.0035
43 0.68556 5076.55

Table E9 Palm stearin solubility of different surfactant [Ci4-i5H29-3i-(P0)g-S04Na
and Ci2mH52-(EQ)30H] concentrations of L1 by molar ratio with 4.6 %w/v NaCl

=

Surfactant Sample 1)

No. Conc&e,\r}lt)ratlon Concentration (%) Solubility (mg/L) Solubility (M)
11 0.54925 6439.65

12 0.002 0.77399 4192.25 0.0039
13 0.78489 4083.25

21 0.61749 5751.25

2.2 0.0032 0.6 5932.15 0.0045
2.3 0.6893 5039.15

31 0.43006 763155

3.2 0.01 0.38559 8076.25 0.0072
33 0.43222 7609.95

41 0.33133 8618.85

42 0.012 0.31979 8734.25 0.0079
43 0.59707 5961.45
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Table E10 Palm stearin solubility of different surfactant [Ci4-i5H29-3i-(PO)g-S04Na
and CizmH22-(EQ)30H] concentrations of 1:0.1 by molar ratio with 4.6 %wlv
NaCl

Surfactant

- Sample " Ave. Solubilit

No. Conc(el{ht)ranon Concentiaticn oy Solubility (mglL) W) y
11 0.63075 5624.65

1.2 0.002 0.72835 4648.65 0.0040

13 0.6669 5263.15

2.1 0.30901 8842.05

2.2 0.008 0.49233 7008.85 0.0050
2.3 0.53251 6607.05

31 0.35736 8358.55

3.2 0.01 0.48276 7104.55 0.0061

33 0.46678 7264.35

41 0.34477 8484.45

4.2 0.02 0.28782 9053.95 0.0076
4.3 0.34998 8432.35
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