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APPENDICES
Appendix A Experimental Data of Microemulsion Formation
1. Interfacial tension (IFT)

The interfacial tension of each phase of microemulsion is calculated by
following formulation :

IFT = e (Vd)sn2Ap

Where e=3.427 X 1era(mN cmsmin2m g mm3)
V =031 (mrn/sdv)
d = measured drop diameter (sdv)
= number of revolution (rpm)
Ap = density difference of two liquids (g/cm 3)



2. Experimental data of interfacial tension

Table A-l Interfacial tension as a function of MES concentration at an oil to water volumetric ratio of 1:1

Concentration

top

5.795
5.805
6
5.69
5.735
5.7
6.08
5.975
6.045
6.045

hottom

1.705
1.745
1.555
1.765
1.965
1.735
1.545
1.705
1.495
151

d (mm)

4.09
4.06
4.445
3.925
3.77
3.965
4.535
4.21
4.55
4.535

speed(n) (rpm) p heavy (g/mL) p light (g/mL)

2331
2304
1927
22215
1873.5
2260
1866
2218
2009
1998.5

1.0035
1.0089
1.0096
1.0125
1.018
1.0123
1011
1.0149
1.024
1.0331

0.87592
0.89048
0.89082
0.89202
0.88888
0.89132
0.8794
0.898
0.90448
0.88582

Ap

0.12758
0.11842
0.11878
0.12048
0.12912
0.12098

0.1316

0.1169
0.11952
0.14728

[FT (mN/m)

0.48458

0.459879

0.39478

0.367236
0.253232
0.393186

0.42954
0.457661

0.4651

0.559837

00



Table A-2 Interfacial tension as a function ofNaCl concentration with the concentration of 2 % MES at an oil to water volumetric ratio
1:1

consczlr::rIZion top bottom d (mm) speed(n) (rpm) p heavy (g/mL) p light (g/mL) Ap IFT (mN/m)
0.0 5.252 2.202 3.050 3012 1.00840 0.87500 0.13340 0.2532
0.1 5.352 2.025 3.327 3412 1.00156 0.92460 0.07696 0.2379
0.2 5.391 1.968 3.423 3458 0.9974 0.92752 0.06988 0.2431
0.3 5.332 2.151 3.181 3310 1.01396 0.91900 0.09496 0.2452
0.4 5.390 2.092 3.298 3089 1.01548 0.92060 0.09488 0.2338
0.5 5.381 1.992 3.389 3187 1.01460 0.92780 0.08680 0.2476
0.6 5.342 2.397 2.945 3650 1.01576 0.91504 0.10072 0.2417
0.7 5.502 2.271 3.225 3569 1.01056 0.93056 0.08000 0.2239
0.8 5.445 2.276 3.169 3722 1.00144 0.92672 0.07472 0.2401
0.9 5.285 2.255 3.030 3856 1.00020 0.91900 0.08120 0.2382

1.0 5.452 2.072 3.380 3120 1.01684 0.92476 0.09208 0.2312



Table A-3 Interfacial tension as a function of Ethylene oxide groups and concentration of Alcohol ethoxylate at an oil to water
volumetric ratio 1:1

Interfacial tension (IFT) (raN/ra)

Concentration 3 EO group 5 EQ group 7EO group 9 EQ group
Alcohol ethoxylate  Alcohol ethoxylate  Alcohol ethoxylate  Alcohol ethoxylate

05 0.23983 0.540644 0.310399 0.233737

1 0.362297 0.24026 0.207935 0.270019

5 0.293046 0.226789 0.262657 0.216107

10 0.166589 0.13211 0.186757 0.347024

15 0.052286 0.128736 0.278988 0.297804



Table A-4 Interfacial tension of mixed surfactant system as a function AE3IMES weight ratios at an oil to water volumetric ratio 1:1

A.E3/ME.S top bottom  d (mm) speed(n) p heay P light Ap IFT (mN/m)
weight ratios (rpm) (g/mL) (g/mL)

100/0 5216 2435 2781 2174 0.99670 0.93460 0.06210 0.0523
96.77/3.23 5225 2526 2.699 2324 0.98520 0.92420 0.06100 0.0462
93.75/6.25 5480 2682  2.798 2140 0.97665 0.91490 0.06175 0.0418
88.23/11.23 5111 2293 2.818 2625 101035 0.96625 0.04410 0.0341
83.33/16.67 5398 2699  2.699 2100 1.00305 0.93550 0.06755 0.0382

75125 5290 2695 2595 2008 1.00040 0.92505 0.07535 0.0423
11.43128.57 5311 2442  2.869 2405 101020 0.96140 0.04880 0.0583

60/40 5443 2352  3.001 2500 1.01765 0.98155 0.03610 0.0682

50/50 5343 2475  2.868 2200 101150 0.95880 0.05270 0.0942
33.33/66.67 5324 2433 2891 2412 0.98540 0.93860 0.04680 0.1018

20/80 5267 2504 2763 2385 0.99915 0.94590 0.05325 0.1162

0/100 5.735 1.965 3.71 1873.5 1.018 0.88888 0.12912 0.253232



Table A-5 Interfacial tension of the selected system (88.23/11.77 of AE3/MES) as a function of salinity at an oil to water volumetric
ratio 1:1

conscaellr:?rlztﬂ)t/ion topbottom d (mm) Sp(ﬁgﬂm()n) ngr}renat/%/ &/Irlr(iJ Et) Ap IFT (mN/m)
0.1 5241 2648 2593 3987 0.98945 0.92185 0.06760 0.0342
0.2 5227 2554 2673 3367 1.01250 0.94920 0.06330 0.0331
03 5147 2429 2718 2959 0.98710 0.92085 0.06625 0.0326
0.4 5302 2610  2.692 3142 1.00275 0.94355 0.05920 0.0345
05 5311  2.648  2.663 3185 0.99935 0.93865 0.06070 0.0323
0.6 5330 2605  2.725 3354 1.00730 0.95810 0.04920 0.0349
0.7 5313 2554 2759 3260 1.00485 0.95530 0.04955 0.0344
0.8 5307 2563 2.744 3288 1.02445 0.97610 0.04835 0.0322
0.9 5205 2677 2618 3307 0,99270 0.93435 0.05835 0.035

1.0 5315 2722 2593 3489 0.99225 0.93985 0.05240 0.0338



Table A-6 Interfacial tension of the selected system (88.23/11.77 of AE3/MES) as a function of active concentration at an oil to water
volumetric ratio 1:1

Active . top bottom  d (mm) spee(n) p heaty P light Ap IFT (mN/m)
concentration (rpm) (g/mL) (g/mL)
0.1 5241 2648 2593 3987 0.98945 0.92185 0.06760 0.12084
0.2 5221 2554 2673 3367 1.01250 0.94920 0.06330 0.09577
0.3 5.141 2429 2718 2959 0.98710 0.92085 0.06625 0.0431
0.4 5302 2610  2.692 3142 1.00275 0.94355 0.05920 0.0355
0.5 5311 2.648 2663 3185 0.99935 0.93865 0.06070 0.0334
0.6 5330 2605  2.725 3354 1.00730 0.95810 0.04920 0.0329
0.7 5313 2554 2.759 3260 1.00485 0.95530 0.04955 0.0341
0.8 5307 2563  2.744 3288 1.02445 0.97610 0.04835 0.0314

1.0 5315 2722 2.593 3489 0.99225 0.93985 0.05240 0.0342
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Appendix B Experimental Data of Detergency Experiment
1. Detergency
The detergency performance can be determined by the following equation:
Detergency (%) = [(A-B)/(C0-B)]xIO0
where A = average reflectance of the soiled swatches after washing
B = average reflectance of the soiled swatches before washing

Co= average reflectance of the unsoiled swatches before washing

2. Oil Removal

The oil removal is calculated from the calibration curve for colored palm oil.

0.8
0.7
0.6
0.5
0.4 -
0.3
0.2
0.1

1000 3000 5000 7000 9000 11000 13000 15000 17000

Mator ol concentration (ppm)

y = 4E-05x + 0.0117
R? = 0.9996

Absorbance

Figure B-I  Relationship between colored motor oil concentration and the
absorbance measured at 520 nm
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Table B-I Relationship between colored motor oil concentration and the absorbance
measured at 520 nm

Motor oil concentration

(opm) Absorbance
2000 0.096
3000 0.139
5000 0.221
7000 0.299
9000 0.385
11000 0.469
13000 0.562

16000 0.677



3. Experimental data of detergency performance

Table B-2 Detergency (%) of pure MES system

MES

concentration

(%owt/v)
0

0.5

10

Sample
No.

LN I O N QO N OO s OO O

Reflectance of the
unsoiled swatches
before washing (Co)

84.91
84.89
84.92
84.95
84.82
84.91
84.92
84.95
84.89
84.93
84.88

84.79
84.95
84.89
84.89
84.80
84.95
84.87

swatches before
washing (B)

43.05
43.05
42.9
42.89
43.22
43.50
43.15
43.87
43.56
43.46
43.28

43.24
43.35
43.55
43.34
43.57
43.15
43.87

Reflectance of the soiled Reflectance of the soiled

swatches after washing
(A)
49.10
49.19
49.23
57.79
57.16
56.47
57.50
57.55
57.46
57.94
58.10
58.47
57.66
58.21
57.84
58.85
56.64
58.98

Detergency

(%)

171323
17.4217

17.0113
39.3854
37.6412
38.4100
38.4887
38.8616
38.4968
40.0071
40.6858

42.2301
42.44
4291
41.76

42.6993

41.9393

43.9901

Average
Detergency

17.1884

38.4200

38.6157

40.9743

42.4900

42.6800



Table B-3 Detergency (%) of pure AE3 system at different concentration

Surfactant Reflectance of the Reflectance of the Reflectance of the
concentration Sample unsoiled swatches soiled swatches before  soiled swatches after Deteg/gemy DAverage
(%owtlv) N before washing (Co) washing (B) washing (A) (%) etergency
0 1 84.91 43.05 49.10 17.1323
2 84.89 43.05 49.19 17.4217 17.1885
3 84.92 42.90 49.23 17.0113
05 1 84.95 42 44 57.80 40.3818
2 84.82 43.02 58.87 40.4237 40.7117
3 84.91 42.98 56.68 41.4885
1 1 84.92 43.06 57.81 42.6130
2 84.95 43.33 59.41 41.3732 41,9118
3 84.89 43.72 58.58 41,9287
5 1 84.93 43.37 58.92 41.8503
2 84.88 43.30 59.52 44,7692 43.1413
3 84.79 43.45 59.04 44,0619
10 1 84.80 43.72 60.10 45.4186
2 84.95 44.30 60.67 46.1568 45,2957
3 84.87 44.49 61.73 44.2305
15 1 84.40 44,34 62.39 46.4186
2 84.75 44.78 61.83 47.1568 47.1884
3 84.84 44.62 61.48 48.2305



Table B-4 Detergency (%) of mixed surfactant system as a function of AE3/MES weight ratios.

AE3IMES

weight ratio

100/0

96.77/3.23

93.75/6.25

88.23/11.77

83.33/16.67

75125

Sample
No.

CO RO 2 CO N = QO RO s GO R = QO RO s O RO

Reflectance of the
unsoiled swatches
before washing (Co)

84.91
84.89
84.92
84.99
84.85
84.89
84.93
84.97
84.85
84.95
84.91
84.90
84.52
84.66
84.49
84.86
84.79
84.92

swatches before
washing (B)
43.34
43.71
43.32
42.77
42 45
42.72
42 43
42.32
42 .55
42 44
42.28
42.09
4214
42.33
42.48
42 44
42.16
42.79

Reflectance of the soiled  Reflectance of the soiled

swatches after washing
(A)
59.10
59.19
59.23
66.71
67.37
66.35
66.975
67.025
66.575
69.52
69.53
68.85
68.39
68.35
68.61
67.51
67.16
66.89

Detergency

(%)

48.1323
46.4217
47.1120
51.6573
52.0100
51.2055
52.3159
52.7046
53.0540
57.0673
58.1742
57.1756
56.2315
55.6328
56.2187
52.9459
53.1460
52.9562

Average
Detergency

47.1884

51.9000

52.6973

57.8464

56.0193

53.0330



Table B-4 Detergency (%) of mixed surfactant system as a function of AE3/MES weight ratios. (Cont.)

Surfactant

concentration

(%owtlv)

11.43/28.57

60/40

50/50

33.33/66.67

20/80

0/100

Sample
No.

COMN =2 O N = QWO LW WO O

Reflectance of the
unsoiled swatches
before washing (Co)

84.95
84.82
84.80
84.17
84.96
84.93
84.89
84.82
84.88
84.91
84.93
84.97
84.93
84.87
84.96
84.69
84.73
84.98

swatches before
washing (B)
42 4
42 47
42.99
43.05
43.05
42,79
42 89
43.22
43.5
43.15
43.87
4356
43.46
43.28
43.24
43.35
43.55
43.34

Reflectance of the soiled  Reflectance of the soiled

swatches after washing
(A)
66.76
66.86
67.41
67.41
67
67.15
64.73
64.22
65.59
63.19
62.64
62.99
62.68
63.78
63.85
61.71
60.72
60.69

Detergency

(%)

52.0142
52.2936
51.1212
50.9236
50.8284
52.1946
49.1623
48.7912
50.2972
45.8864
46.0000
45.3588
43.2192
44,6319
44.8251
42.2327
42.0265
42.4830

Average
Detergency

51.8410

51.4049

49.4306

45.8615

44.1084

42.3500



Table B-5 Detergency (%) of the selected formulation (88.23/11.77 of AE3/IMES) as a function of active concentration

Active , :
Reflectance of the Reflectance of the soiled Reflectance of the soiled
co%ucggtcgg?ign Szmple unsoiled swatches swatches before swatches after washing Dete(g/g)ency Dét\éer[;%%ecy
(O6wt) ' before washing (Co) washing (B) (A)
0.0 1 84.91 43.05 49.10 17.1323
2 84.89 43.05 49.19 17.4217 17.1185
3 84.92 42.90 49.23 17.0113
0.1 1 84.91 40.29 57.18 38.1323
. 84.89 40.83 57.19 384217 384052
3 84.92 40.88 57.23 38.7120
0.2 1 84.89 40.78 61.16 47.2602
2 84.91 40.79 61.35 467781 46.8810
3 84.87 41.67 61.08 46.8728
0.3 1 84.90 41.26 76.29 83.6193
2 84.88 40.78 76.57 83.0826  83.5103
3 84.93 41.08 76.62 83.8979
0.4 1 84.85 40.78 14.41 60.3042
2 84.79 40.93 74.39 60.2750  85.6465
3 84.91 40.94 74.33 59.5875
0.5 1 84.85 40.68 7437 60.1369
2 84.87 41.36 74.30 59.9924  85.04842
3 84.91 41.19 74.29 59.7422



Table B-5 Detergency (%) of the selected formulation (88.23/11.77 of AE3/MES) as a function of active concentration (Cont.)

Active : :
Reflectance of the Reflectance of the soiled Reflectance of the soiled
co;ucrefr?tcgg?ign SaNrr:)pIe unsoiled swatches swatches hefore swatches after washing ~ %Detergency Dét\éerréae%ecy
(wtiy) ' before washing (Co) washing (B) (A)
0.6 ; 84.89 41.85 75.0400 60.5927
2 84.77 4155 75.0100 60.5157 85.1830
3 84.83 41.65 74.9700 60.2016
0.7 1 84.94 41.74 75.4700 60.1901
2 84.91 41.65 75.7600 60.3361 85.3179
3 84.89 41.37 75.7200 60.3972
0.8 1 84.88 40.67 75.7700 60.0711
2 84.93 41.01 76,5900 60.3223 85.9383
3 84.90 41.46 76.8000 61.3619
10 1 84.88 41.42 76.2400 60.9254
2 84.91 42.02 77.1700 60.8315 86.1732

84.90 41.9 77.0900 60.0222



Table B-6 0il Removal (%) of pure MES system at different concentration

Surfactant - - . . . . Average
concentration Sample  Extracted soil before washing  Residue soil after washing Soil removal soil
(%wtiv) No. (ppm) (ppm) (%) rer(r;/(;;/al
0 1 11431.09 9104.13 20.3564
) 11837.18 9469.74 20,0019 20.0100
3 12009.89 9647.34 19.6717
0.5 1 11870.82 7075.53 40,5407
2 11635.14 7156.93 39.6365 40.1254
3 11543.09 6925.85 40.0807
1 1 11737.18 6790.57 41,6497
2 12209.89 7175.34 41,6903 417114
3 11670.82 6798.59 41,7989
2 1 11638.14 6535.06 43.8467
2 11676.02 6460.93 443252 43.9552
3 11800.57 6570.64 43.8567
5 1 11761.09 6468.55 45.0028
2 11891.18 6438.39 45.3854 45.1811
3 12119.89 6476.99 45.2007
10 1 12033.82 6459.75 46.3155
2 11764.14 6481.83 46.7349 46.5537
3 11499.77 6421.96 46.6153



Table B-7 0il Removal (%) of pure AE3 system at different concentration

Surfactant : : L : . Average
concentration Sample  Extracted soil before washing ~ Residue soil after washing Soil removal soll
(%wthv) No. (ppm) (ppm) (%) rer(r;/(());/al
0 1 11431.09 9104.13 20.3564
2 11837.18 9469.74 20.0019 20.0100
3 12009.89 9647.34 19,6717
05 1 11675.81 6810.72 40,5407
2 11695.11 6790.57 41,6365 41.0318
3 11592.39 6725.85 41.0807
1 1 12138.38 6540.57 43.6497
2 12015.82 6575.34 44,3903 43.9119
3 11470.82 6498.59 43.9989
5 1 11873.14 6497.06 45.8467
2 11666.92 6510.93 45.3252 45.8402
3 1184152 6470.64 46.3567
10 1 11481.33 6398.55 47.0028
2 11991.15 6420.39 46.7854 41.0703
3 12349.19 6376.81 47.2007
15 1 12221.72 6159.75 48.3155
2 11762.82 6051.83 48.7349 48.7566
3 11682.13 5944.42 49.1153



Table B-8 0il removal (%) of mixed surfactant system as a function of AE3/MES weight ratios.

Average

AE3/MES weight ~ Sample  Extracted soil before washing  Residue soil after washing Soil removal soiIg

ratios No. (ppm) (ppm) (%) removal

%
1 11632.04 6007.20 48.3564 ™)

100/0 2 1192154 6079.75 49.0019 48.7566
3 12128.49 6164.70 49.1717
1 11642.86 2579.97 77.8407

96.77/3.23 ) 11544.71 2489 .44 78.4365 78.1443
3 12118.34 2656.25 78.0807
1 11628.71 2540.90 78.1497

93.75/6.25 ) 12090.86 2623.68 78.3003 78.1588
3 11820.22 2600.57 77.9989
1 11763.39 1900.17 83.8467

88.23/11.77 2 11784.12 1964.97 83.3252 83.5103
3 11499.19 1890.84 83.5567
1 11931.03 2266.56 81.0028

83.33/16.67 ) 11721.88 2252.31 80.7854 81.0831
3 12189.48 2279.34 81.3007
75125 1 11921.22 2549.29 78.6155

2 12062.83 956517 78 7349 78.8664
3 11792.97 2462.92 79.1153



Table B-8 0il removal (%) of mixed surfactant system as a function of AE3/MES weight ratios (Cont.)

Surfactant

concentration

(%owtiv)

11.43/28.57

60/40

50/50

33.33/66.67

20/80

0/100

Sample
No.

O RO = CO RO = GO RO = GO RO s GO N = GO N

Extracted soil before washing

(ppm)

11431.09
11837.18
12009.89
11870.82
11635.14
11543.09
11737.18
12209.89
11670.82
11638.14
11676.02
11800.57
11761.09
11891.18
12119.89
12033.82
11764.14
11499.77

Residue soil after washing

(Ppm)

2617.98
2731.28
2667.86
2924.98
2896.44
2880.84
3365.27
3452.51
3286.38
3981.47
3979.03
3957.82
5002.78
4988.48
5099.06
6803.52
6982.16
6505.63

Soil removal

(%)

17.0977
16.9262
17.7861
75.3599
75.1061
15.0427
71.3281
11.7236
71.8410
65.7894
65.9213
66.4607
57.4633
58.0489
57.9281
43.4633
44,0489
43.4281

Average soil

removal (%)

17.2869

75.1201

11.6249

65.9753

57.8247

43.6519

S
=\



Table B-9 0il removal (%) of the selected formulation (88.23/11.77 of AE3/MES) as a function of active concentration

Active surfactant Sample  Extracted soil before washing  Residue soil after washing  Soil removal ~ Average soil

Con(ﬁ/irx{,%t)'on No. (ppm) (ppm) )  removal (%)

0 1 11431.09 9104.13 20.3564
2 11837.18 9469.74 20.0019 20.0100

3 12009.89 0647.34 19.6717

01 1 12031.09 7443.25 38.1332
2 11811.68 7248.78 38.6304 38.4052

3 11999.81 7385.61 38.4522

02 1 11570.82 6215.60 46.2821
, 11689.14 6230.70 46.6966 46.8810

3 12143.09 6355.15 47.6644

03 1 11937.18 1987.01 83.3544
) 12054.88 1944.88 83.8664 83.5103

3 12020.89 2006.27 83.3100

0.4 1 11888.19 1718.91 85.541
11496.07 1620.12 85.9071 85.6465

3 11930.52 1730.95 85.4913



Table B-9 Oil removal (%) of the selected formulation (88.23/11.77 of AE3/MES) as a function of active concentration (Cont.)

Active surfactant Sample  Extracted soil before washing  Residue soil after washing  Soil removal ~ Average soil

CO”(S/?V‘J{,%I)"’” No. (ppm) (ppm) (%) removal (%)

0.5 1 11832.04 1674.42 85.8484
2 11651.54 1750.00 84.9805 85.0484
¥ 12118.49 1900.62 84.3163

0.6 1 11942.86 1752.24 85.3281
2 11984.71 1808.84 84.9071 85.1830
3 12097.34 1776.62 85.3139

0.7 1 11838.71 1690.69 85.7189
2 11990.86 1809.76 84.9071 85.3179
3 11620.22 1704.93 85.3278

0.8 1 11593.39 1662.50 85.6599
2 12084.12 1755.37 85.4737 85.9383
3 11899.19 1584.78 86.6815

1.0 1 11649.03 1574.83 86.481
2 11799.88 1721.09 85.4143 86.0031
3 12039.48 1672.92 86.1047



Table B-10 il removal (%) of commercial detergent product as a function of active concentration

Active surfactant

- Sample Extracted soil before Residue soil after washing  Soil removal  Average soil
00”(8/%{;3)'0” No. washing (ppm) (ppm) (%) removal (%)
0 1 11431.09 9104.13 20.3564
2 11837.18 9469.74 20.0019 20.0100
3 12009.89 9647.34 19.6717
0.1 1 11652.82 7735.94 33.6131
2 11985.14 7890.76 34.1621 33.0143
3 11583.09 7648.57 33.9677
0.2 1 11776.18 6518.12 44.6499
2 1204789 6769.74 43.8097 44.0013
3 11920.82 6729.95 43.5445
0.3 1 11688.14 5719.77 51.0634
2 11936.02 5895.29 50.6092 50.9478
3 11828.57 5775.71 51.1709
0.4 1 1174409 5542.29 52.8078
2 12122.18 5802.23 52.1354 52.1698
3 12099.89 5860.42 51.5663



Table B-10 0il removal (%) of commercial detergent product as a function of active concentration (Cont.)

Active surfactant

: Sample Extracted soil hefore Residue soil after washing  Soil removal ~ Average soil
cor}((i/ir\}\}tr/z\ilt)lon No. washing (ppm) (ppm) (%) removal (%)
0.5 1 11854.14 5385.64 545674
2 11837.86 5398.67 54,3948 54.6433
3 11889.89 5354.28 54.9677
0.6 1 12131.09 5457.59 55.0115
2 11691.68 5318.06 54,5141 54,8262
3 11913.81 5366.80 54.9530
0.7 1 11840.82 5309.29 55.1611
2 11589.14 5183.27 55.2747 55.1668
11993.09 5389.13 55.0646
0.8 1 11911.18 5288.70 55.5988
2 12159.88 5383.20 55.7298 55.8983
3 11673.89 5093.72 56.3665
1.0 1 11378.19 5007.07 55.9941
2 11996.07 5263.65 56.1218 56.0120
3 11924.52 5256.31 55.9201
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