
REFERENCES

Azemar, N., Carrera, I., and Solans, c. (1993) Studies on textile detergency at low 
temperature. Journal o f dispersion Science and Technology, 4(6),645-660.

Azemar, N. (1996). The Role o f Microemulsions in Detergency Process: Industrial 
Applications o f M icroemulsions. Solans, c. and Kunieda, H. (Eds.). New 
York: Marcel Dekker.

Azemar, N. (1997). The Role o f Microemulsions in Detergency Process: Industrial 
Applications o f M icroemulsions. Solans, c., and Kunieda, H. (Eds.). New 
York: Marcel Dekker.

Bourrel, M., and Schechter, R.s. (1998). Microemulsions and Related Systems. 
New York: Marcel Dekker.

Broze, G. (1994). Detergents and Cleaners: A Handbook for Form ulators. Lange 
K.R. (Eds.). Germany: Hanser, Munich.

Carroll, B. (1996). The direct study o f oily soil removal from solid substrates in 
detergency. J. Colloid Interf. Sci., 114, 161.

Chi, Y.S., and Obendorf, S.K. (1999). Detergency o f used motor oil from cotton and 
polyester fabrics. Journal o f Surfactants and Detergents, 2, 1.

Chi, Y.S., and Obendorf, S.K. (2001). Effect o f fiber substrates on appearance and 
removal o f aged oily soils. Journal o f Surfactants and Detergents, 4( 1 ),35-41

Christ, T., Morgen thaler, พ .พ .,  and Pacholec, F. (1994) Laundry products. In 
Lang,K.R (Eds.), Detergents and Cleaners: a Handbook for Formulatoes. 
New York Hanser. 1994

Cohen, L. and Trujillo, F. (1999). Performance o f Sulfoxylated Fatty Acid Methyl 
Esters. Journal o f Surfactants and Detergents, 2, 363-365.

Dillan, K.W., Goddard, E.D. and McKenzie, D.A. (1979). Oily soil removal from a 
polyester substrate by aqueous nonionic surfactant systems. J. Am. Oil 
Chem. Soc,, 56, 59.

Germain, T. (2002). Understanding Terg-O-Tometer Testing Variables. Paper 
presented at AOCS Annual M eeting.. Montreal, Canada, May 5-8,



51

Goel, S.K. (1998). M easuring detergency o f oily soils in the vicinity o f phase 
inversion temperatures o f commercial nonionic surfactant using an oil- 
soluble dye. J. Surfact. Deterg., 1, 221.

Hodate, Y (1996). Ultrasonic velocity measurement o f crystallization rates o f palm 
oil in oil-water emulsions. J. Colloid Interf. Sci., 128,217-224.

Jacques, A. (1999). Emulsions: Handbook o f Detergents part a properties. Broze, 
G. (Eds.). New York: Marcel dekker.

Jakobi, G. and A. zlohr, (1987), Detergents and Textile Washing, Germ any: Henkel, 
Dusseldorf, p.107.

Kissa, E. (1987). Evaluation o f detergency: Detergency Theory and Technology. 
Cutler, W.G. and Kissa, E. (Eds.). New York: Marcel Dekker.

Kumar,p. and Mittal, K. L. ( 1999). Handbook o f M icroemulsion: Science and 
Technology. New York, Marcel Dekker.

Linfield, W.A., Jungermann, E. and Sherrill, J.c . (1962). Establishment o f a 
standardized detergency evaluation method. J. Am. Oil Chem. Soc, 39, 47.

Maurad, Z.A., Ghazali, R., Siwayanan, p., Ismail, z., and Ahmad, ร. (2006). Alpha- 
Sulfonated Methyl Ester as an Active Ingredient in Palm-Based Powder 
Detergents. Journal o f  Surfactant and Detergents, 9(2), 161-167.

Obendorf, S.K., and Klemash, N.A. (1982). Electron microscopical analysis o f Oil 
soil penetration into cotton and polyester/cotton fabrics. Text. Res. J., 40, 
434.

Ratchatawetchakul, p., Chavadej, ร., Kitiyanan, B., Scamehom, J.F. and 
Tongcumpou, c. (2005). Detergency o f Oily Soil by M icroemulsion. M>s 
Thesis, The Petroleum and Petrochemical College, Chulalongkom 
University.

Rosen, M.J. (2004). Surfactants and Interfacial Phenomena. 3rd ed. New York: 
John Wiley.

Salager, J.L., Bourrel, M., Schechter, R.s. and Wade, W.H. (1979). M ixing rules 
for optimum phase-behavior formulations o f surfactant/oil/water systems. 
Soc. Pet. Eng. J., 19, 107.

Salager, J.L. (1999). Microemulsions: Handbook o f Detergents Part A: Properties. 
Broze, G. (Eds.). New York: Marcel Dekker.



52

Schwartz, A.M. (1971) Journal o f American Oil Chem ist’s Society, 48,566-571
Schulman, J.H., and Cockbain, E.G. (1940). Molecular interactions at oil/water 

interfaces: Part II. Phase inversion and stability o f water in oil emulsion. 
Trans. Faraday. Soc., 36, 661.

Standard Guide for Evaluating Stain Removal Performance in Home Laundering, 
Annual Book o f ASTM Standards, Vol. 15.04, American Society for Test 
and Materials, West Conshohocken, PA, 2000, ASTM D 4265-93.

Standard Guide for Synthetic Anionic Active Ingredient in Detergents by
Cationic Titration Procedure, Annual Book o f ASTM Standards, Vol. 11.01, 
American Society for Test and Materials, West Conshohocken, PA, 2000, 
ASTM D 1681-92.

Thompson, L., (1994) The Role o f Oil Detachment Mechanism in Determining
Optimum Detergency Conditions. Journal o f Colloid and Interface Science, 
163,61.

Tongcumpou c., Acosta E.J., Joseph A.F., Scamehom L.B., Sabatini D.A., Chavadej 
ร. And Yanumet N. (2003) Microemulsion Formation and Detergency with 
Oily Soilsrl.Phase Behavior and Interfacial Tension. Journal o f Surfactants 
and Detergents, 6(3), 191-203.

Tongcumpou c., Acosta E.J., Joseph A.F., Scamehom L.B., Sabatini D.A., Chavadej 
ร. And Yanumet N. (2003) Microemulsion Formation and Detergency with 
Oily Soils:II.Detergency Formulation and Performance. Journal o f 
Surfactants and Detergents, 6(3), 191-203

Tongcumpou c., Acosta E.J., Joseph A.F., Scamehom L.B., Sabatini D.A., Chavadej 
ร. And Yanumet N. (2003) Microemulsion Formation and Detergency with 
Oily Soils:III.Performance and Mechanism. Journal o f Surfactants and 
Detergents, 6(3), 191-203

Verma, ร. and Kumar, v .v . (1998). Relationship between oil-water interfacial
tension and oily soil removal in mixed surfactant systems. Journal o f 
Colloid and Interface Science, 207, 1-10.



53

Webb, J.J., and Obendorf, S.K. (1987). Detergency study: Comparison o f the 
distribution o f natural residual soils after laundering with a variety o f 
detergent products. Tex. Res. J ., 57, 640.

Wormuth, K.R. and Geissler, P,R. (1991) Journal o f Colloid Interface Science, 146, 
320.

พน, B., and Sabatini, D.A. (2000). Using partitioning alcohol tracers to estimate 
hydrophobicity o f high molecular weight LNAPLs. Environ. Sci. Technol., 
34,4701.

พน, B., Cheng, H., Childs, J.D., and Sabatini, D.A. (2000). Surfactant-Enhanced 
Removal o f Hydrophobic Oil Contamination: Physico-chemical Ground 
W ater Remediation. Smith J.A. and Bums S.E. (Eds.). New York: Kluwer 
Academic, Plenum Publishers.

พน, B., Harwell, J.H., Sabatini, D.A. and Bailey, J.D. (2000). Alcohol-free 
diphenyl oxide disulfonate middle-phase microemulsion system. J: Surfact. 
Deterg-, 3, 465.



APPENDICES

Appendix A Experimental data of microemulsion formation

1. Interfacial tension (IFT)

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

IFT = e (Vd)3n2Ap

Where e = 3.427 X 10"4 (mN cm3 min2/m g  mm3)
V = 0.31 (mm/sdv) 
d = measured drop diameter (sdv)
ท = number o f revolution (rpm)

Ap = density difference o f two liquids (g/cm3)

(AT)



2. Experimental data of interfacial tension

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

Concentration top bottom d (mm) speed(n)
(rpm)

heavy 
phase(g)

light
phase(g)

p heavy 
(g/mL)

p light 
(g/mL) Ap IFT (mN/ra)

0.1 5.220 1.891 3.329 6500 0.25017 0.17749 1.00068 0.88745 0.11323 1.8019
0.2 5.317 1.902 3.415 6513 0.24932 0.22379 0.99728 0.89516 0.10212 1.7613
0.4 5.529 1.990 3.539 5812 0.25120 0.22411 1.0048 0.89644 0.10836 1.6564
0.6 5.247 2.000 3.247 5541 0.25257 0.17819 1.01028 0.8910 0.11933 1.2805
0.8 5.248 2.020 3.228 5013 0.25236 0.17778 1.00944 0.8889 0.12054 1.0402
1.0 5.211 2.050 3.161 4893 0.25147 0.17919 1.00588 0.89595 0.10993 0.8487
2.0 5.202 2.115 3.087 4458 0.25106 0.17903 1.00424 0.89515 0.10909 0.6511
3.0 5.244 2.124 3.120 4015 0.25161 0.17884 1.00644 0.8942 0.11224 0.5610
4.0 5.255 2.010 3.245 3249 0.25334 0.17925 1.01336 0.89625 0.11711 0.4313
5.0 5.252 2.202 3.050 3012 0.25210 0.1750 1.00840 0.8750 0.13340 0.3506
6.0 5.293 1.762 3.531 4087 0.25156 0.17895 1.00624 0.89475 0.11149 0.8370
8.0 5.244 2.012 3.232 5012 0.25169 0.17811 1.00676 0.89055 0.11621 1.0062
10.0 5.284 1.992 3.292 5621 0.2521 0.17795 1.00840 0.88975 0.11865 1.3654



Table A-2 Interfacial tension as a function  o f  N aC l concentration  w ith  the concentration  o f  5%  M ES at an oil to w ater volum etric  ratio

% NaCl top bottom d (mm) speed(n)
(rpm)

heavy phase 
(g)

light phase 
(g)

p heavy 
(g/mL)

p light 
(g/mL) Ap IFT (mN/m)

0.0 5.252 2.202 3.050 3012 0.25210 0.17500 1.00840 0.87500 0.13340 0.35056
0.1 5.352 2.025 3.327 3412 0.25039 0.23115 1.00156 0.92460 0.07696 0.33685
0.2 5.391 1.968 3.423 3458 0.24935 0.23188 0.9974 0.92752 0.06988 0.34215
0.3 5.332 2.151 3.181 3310 0.25349 0.22975 1.01396 0.91900 0.09496 0.34189
0.4 5.390 2.092 3.298 3089 0.25387 0.23015 1.01548 0.92060 0.09488 0.33156
0.5 5.381 1.992 3.389 3187 0.25365 0.23195 1.01460 0.92780 0.08680 0.35035
0.6 5.342 2.397 2.945 3650 0.25394 0.22876 1.01576 0.91504 0.10072 0.34991
0.7 5.502 2.277 3.225 3569 0.25264 0.23264 1.01056 0.93056 0.08000 0.34896
0.8 5.445 2.276 3.169 3722 0.25036 0.23168 1.00144 0.92672 0.07472 0.33632
0.9 5.285 2.255 3.030 3856 0.25005 0.22975 1.00020 0.91900 0.08120 0.34289

1 5.452 2.072 3.380 3120 0.25421 0.23119 1.01684 0.92476 0.09208 0.35337

OÀ



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

Concentration
Interfacial tension (IFT) (mN/m)

3 EO group 
Alcohol ethoxylate

5 EO group 
Alcohol ethoxylate

7 EO group 
Alcohol ethoxylate

8 EO group 
Alcohol ethoxylate

0.5 0.9801 0.4412 0.3290 0.3053
1 1.0520 0.3306 0.2768 0.2768
5 0.4472 0.1374 0.1909 0.1618
10 0.2942 02125 0.4935 0.3829
15 * 0.3015 0.5504 1.5051

* This IFT value cannot be measured because o f its high viscosity



Table A-4 Interfacial tension as a function of LAS concentration at an oil to water volumetric ratio 1:1

Concentration top bottom d
(mm)

speed(n)
(rpm)

heavy 
phase(g)

light
phase(g)

p heavy 
(g/mL)

p light 
(g/mL) Ap (mN/m)

0.05 5.419 2.342 3.077 8425 0.20886 0.18926 1.04430 0.94630 0.09800 2.0689
0.1 5.602 2.560 3.042 8004 0.20688 0.18949 1.03440 0.94745 0.08695 1.6009
0.2 5.410 2.418 2.992 7102 0.20658 0.18666 1.03290 0.93330 0.09960 1.3737
0.4 5.362 2.475 2.887 6843 0.20106 0.18076 1.00530 0.90380 0.10150 1.1676
0.6 5.333 2.487 2.846 6184 0.20631 0.18819 1.03155 0.94095 0.09060 0.8154
0.8 5.345 2.420 2.925 6139 0.20511 0.18865 1.02555 0.94325 0.08230 0.7925
1.0 5.351 2.415 2.936 6279 0.20195 0.18721 1.00975 0.93605 0.07370 0.7508
2.0 5.319 2.438 2.881 5746 0.20472 0.18733 1.02360 0.93665 0.08695 0.7009
3.0 5.255 2.397 2.858 5550 0.20245 0.18411 1.01225 0.92055 0.09170 0.6732
4.0 5.318 2.322 2.996 5145 0.20087 0.18411 1.00435 0.92055 0.08380 0.6090
5.0 5.304 2.385 2.919 5049 0.20632 0.18803 1.03160 0.94015 0.09145 0.5920
6.0 5.160 2.355 2.805 5278 0.20300 0.18456 1.01500 0.92280 0.09220 0.5787
7.0 5.277 2.525 2.752 5111 0.20697 0.18716 1.03485 0.93580 0.09905 0.5506
8.0 5.233 2.541 2.692 5005 0.20990 0.18845 1.04950 0.94225 0.10725 0.5351
9.0 5.303 2.485 2.818 4882 0.20498 0.18782 1.02490 0.93910 0.08580 0.4672
10.0 5.164 2.545 2.619 4665 0.20803 0.18634 1.04015 0.93170 0.10845 0.4329



Table A-5 Interfacial tension as a function o f MES concentration with fixed 5 %wt/v concentration o f 5 EO group Alcohol ethoxylate 
at an oil to water volumetric ratio 1:1

Concentration top bottom d
(mm)

speed(n)
(rpm)

heavy 
phase(g)

light
phase(g)

p heavy
(g/mL)

p light 
(g/mL) Ap ( * 1

0 5.216 2.435 2.781 3174 0.19934 0.18692 0.99670 0.93460 0.06210 0.1374
1 5.225 2.526 2.699 3324 0.19704 0.18484 0.98520 0.92420 0.06100 0.1353
2 5.480 2.682 2.798 3140 0.19533 0.18298 0.97665 0.91490 0.06175 0.1362
3 5.111 2.293 2.818 3625 0.20207 ■ 0.19325 1.01035 ■ '■ 0.96625 0.04410 0.1324
4 5.398 2.699 2.699 3100 0.20061 0.18710 1.00305 0.93550 0.06755 0.1303
5 5.290 2.695 2.595 3008 0.20008 0.18501 1.00040 0.92505 0.07535 0.1216
6 5.311 2.442 2.869 3405 0.20204 0.19228 1.01020 0.96140 0.04880 0.1364
7 5.443 2.352 3.091 3500 0.20353 0.19631 1.01765 0.98155 0.03610 0.1333
8 5.343 2.475 2.868 3200 0.20230 0.19176 1.01150 0.95880 0.05270 0.1300
9 5.324 2.433 2.891 3412 0.19708 0.18772 0.98540 0.93860 0.04680 0.1344
10 5.267 2.504 2.763 3385 0.19983 0.18918 0.99915 0 94590 0.05325 0.1314



Table A-6 Intertacial tension as a function of % NaCl concentration with formulation of 5% MES and 5% AE at an oil to water
volumetric ratio 1:1

Concentration top bottom d
(mm)

speed(n)
(rpm)

heavy 
phase(g)

light
phase(g)

p heavy
(g/mL)

p light 
(g/mL) Ap IFT

(raN/m)
0 5.290 2.695 2.595 3008 0.20008 0.18501 1.00040 0.92505 0.07535 0.1216

0.1 5.223 2.554 2.669 3015 0.19779 0.18428 0.98895 0.92140 0.06755 0.1192
0.2 5.257 2.522 2.735 2990 0.20273 0.18998 1.01365 0.94990 0.06375 0.1190
0.3 5.144 2.462 2.682 2959 0.19740 0.18497 0.98700 0.92485 0.06215 0.1072
0.4 5.261 2.584 2.677 3080 0.20055 0.18856 1.00275 0.94280 0.05995 0.1114
0.5 5.233 2.791 2.442 3176 0.20008 0.18501 1.00040 0.92505 0.07535 0.1130
0.6 5.230 2.459 2.771 3335 0.20398 0.19365 1.01990 0.96825 0.05165 0.1248
0.7 5.353 2.517 2.836 3260 0.20118 0.19112 1.00590 0.95560 0.05030 0.1245
0.8 5.210 2.365 2.845 3227 0.20536 0.19508 1.02680 0.97540 0.05140 0.1258
0.9 5.292 2.701 2.591 3457 0.1,9862 0.18681 0.99310 . 0.93405 0.05905 0.1253
1.0 5.386 2.781 2.605 3504 0.19843 ' 0.18740 0.99215 0.93700 0.05515 0.1222

ON©



Table A-7 Interfacial tension as a function of % active surfactant concentration of the mixture of 5% MES and 5% AE at an oil to water
volumetric ratio 1:1

Concentration top bottom d
(mm)

speed(n)
(rpm)

heavy 
phase(g)

light
phase (g)

p heavy 
(g/mL)

p light 
(g/mL) Ap I FT

(mN/m)
0.3 5.241 2.648 2.593 3987 0.19789 0.18437 0.98945 0.92185 0.06760 0.1913
0.4 5.227 2.554 2.673 3367 0.20273 0.18984 1.01250 0.94920 0.06330 0.1399
0.5 5.147 2.429 2.718 2959 0.19742 0.18417 0.98710 0.92085 0.06625 0.1189
0.6 5.302 2.610 2.692 3142 0.20055 0.18871 1.00275 0.94355 0.05920 0.1164
0.7 5.311 2.648 2.663 3185 0.19987 0.18773 0.99935 0.93865 0.06070 0.1187
0.8 5.330 2.605 2.725 3354 0.20146 0.19162 1.00730 0.95810 0.04920 0.1143
0.9 5.313 2.554 2.759 3260 0.20097 0.19106 1.00485 0.95530 0.04955 0.1129
1.0 5.307 2.563 2.744 3288 0.20489 0.19522 1.02445 0.97610 0.04835 0.1103
1.2 5.295 2.677 2.618 3307 0.19854 0.18687 0.99270 0.93435 0.05835 0.1169
1.4 5.315 2.722 2.593 3489 0.19845 0.18797 0.99225 0.93985 0.05240 0.1135

o \
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Appendix B Experimental data of Detergency Experiment

1. % Detergency

The detergency performance can be determined by %Detergency calculated 
from the following equation:

%Detergency = [(A-B)/(Co-B)]xlOO

where A = average reflectance o f the soiled swatches after washing 
B = average reflectance o f the soiled swatches before washing 
Co= average reflectance o f the unsoiled swatches before washing

2. %OiI Removal

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

Palm oil concentration (ppm)

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

Palm oil concentration 
(ppm) 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 o f MES at different concentration

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average

%Detergency
0 1 84.9100 56.1900 59.1000 10.1323

10.22202 84.8900 56.2000 59.1900 10.4217
3 84.9200 56.3400 59.2300 10.1120

1 1 84.9500 56.6400 67.7900 39.3854
37.31222 84.8200 56.5000 67.1600 37.6412

3 84.9100 56.5800 66.4700 34.9100
2 1 84.9200 56.6000 67.5000 38.4887

38.61572 84.9500 56.4900 67.5500 38.8616
3 84.8900 56.5500 67.4600 38.4968

3 1 84.9300 56.6100 67.9400 40.0071
40.97432 84.8800 56.5900 68.1000 40.6858

3 84.7900 56.5400 68.4700 42.2301
4 1 84.8000 56.4700 68.8500 43.6993

44.54292 84.9500 56.6300 69.6400 45.9393
3 84.8700 56.5000 68.9800 43.9901

ON



Table B-2 %Detergency of MES at different concentration (Cont.)

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average

%Detergency
5 1 84.9400 56.5200 71.3000 52.0056 50.9865

2 84.9000 56.6400 71.2300 51.6277
3 84.8200 56.6200 70.5300 49.3262

6 1 84.8700 56.5900 71.1100 51.3437
51.23612 84.9400 56.4900 70.9500 50.8260

3 84.9000 56.6300 71.2000 51.5387
7 1 84.9300 56.8400 71.1200 50.8366

51.03412 84.8800 56.3800 70.8800 50.8772
3 84.7900 56.3400 70.9600 51.3884

8 1 84.8000 56.0400 70.7900 51.2865
50.99182 84.9500 56.5300 71.2200 51.6890

3 84.8700 56.8300 70.8500 50.0000
9 1 84.9200 56.1900 70.8300 50.9572

50.95742 84.9500 56.1900 70.7500 50.6259
3 84.8900 56.1900 70.9100 51.2892

10 1 84.9400 56.1400 70.8900 51.2153
51.05072 84.9000 56.4500 70.9400 50.9315

3 84.8200 56.4700 70.9300 51.0053



Table B-3 %Detergency of 5 EO group Alcohol ethoxylate at different concentration

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing

: (A)
%Detergency Average

%Detergency
0 1 84.9100 56.1900 59.1000 10.1323

10.22202 84.8900 56.2000 59.1900 10.4217
3 84.9200 56.3400 59.2300 10.1120

1 1 84.9500 56.6400 70.6200 49.3818
50.76472 84.8200 56.5000 70.7800 50.4237

3 84.9100 56.5800 71.4500 52.4885
2 1 84.9200 56.6000 71.5000 52.6130

52.97162 84.9500 56.4900 71.6800 53.3732
3 84.8900 56.5500 71.5500 52.9287

3 1 84.9300 56.6100 72.7100 56.8503
56.89382 84.8800 56.5900 72.6500 56.7692

3 84.7900 56.5400 72.6600 57.0619
4 1 84.8000 56.4700 73.0200 58.4186

58.26862 84.9500 56.6300 73.1000 58.1568
3 84.8700 56.5000 73.0200 58.2305



Table B-3 %Detergency of 5 EO group Alcohol ethoxylate at different concentration (Cont.)

Surfactant
concentration

(%wt/v)
Sample

No
Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average 

% Detergency
5 1 84.9400 56.5200 73.6000 60.0985

60.06092 84.9000 56.6400 73.7200 60.4388
3 84.8200 56.6200 73.4400 59.6454

6 1 84.8700 56.5900 73.6000 60.1485
60.09312 84.9400 56.4900 73.7200 60.5624

3 84.9000 56.6300 73.4700 59.5684
7 1 84.9500 56.5700, . 73.6000- 60.0070

60.11132 84.8500 56.5900 73.7300 60.6511
3 84.9100 56.5400 73.4700 59.6757

8 1 84.9200 56.4700 73.4600 59.7188
60.13822 84.9500 56.6300 73.6100 59.9576

3 84.8900 56.4400 73.7200 60.7381
9 1 84.9300 56.6200 73.4600 59.4843

59.86782 84.8800 56.6400 73.7500 60.5878
3 84.7900 56.6200 73.3900 59.5314

10 1 84.8000 56.5900 73.2600 59.0925
60.00302 84.9500 56.4900 73.7200 60.5411

3 84.8700 56.6300 73.6800 60.3754

O n



Table B-4 %Detergency of LAS at different concentration

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average

%Detergency
0 1 84.91 56.19 59.10 10.1323

10.22202 84.89 56.20 59.19 10.4217
3 84.92 56.34 59.23 10.1120

1 1 84.95 59.75 65.12 21.3095
20.75472 84.85 60.35 65.02 19.0612

3 84.91 59.56 65.11 21.8935
2 1 84.92 59.56 65.87 24.8817

24.76852 84.95 59.7 65.79 24.1188
3 84.89 59.48 65.91 25.3050

3 1 84.93 59.27 66.34 27.5526
27.11212 84.88 59.33 66.45 27.8669

3 84.79 60.25 66.61 25.9169
4 1 84.80 58.42 66.47 30.5155

30.48422 84.95 58.49 66.6 30.6500
3 84.87 58.39 66.41 30.2870



Table B-4 %Detergency of LAS at different concentration

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average

%Detergency

5 1 84.93 58.19 66.87 32.4607
32.14922 84.88 59.56 67.68 32.0695

3 84.79 58.19 66.68 31.9173
6 1 84.80 59.56 68.01 33.4786

35.10772 84.95 57.45 67.46 36.4000
3 84.87 58.66 67.95 35.4445

7 1 84.95 58.55 69.14 40.1136
40.83782 84.82 58.14 69.23 41.5667

3 84.91 59.22 69.71 40.8330
8 1 84.92 60.84 70.85 41.5698

41.31512 84.95 59.38 70.02 41.6113
3 84.89 61.34 70.94 40.7643

9 1 84.94 60.04 70.49 41.9679
41.21492 84.90 59.53 70.11 41.7028

3 84.82 61.83 71.02 39.9739
10 1 84.87 59.34 70.01 41.7940

41.90722 84.94 59.34 70.09 41.9922
3 84.90 59.48 70.14 41.9355



Table B-6 %Detergency of various MES concentration at fixed 5% AE concentration

Surfactant
concentration

(%wt/v)
Sample

No
Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
% Detergency Average

%Detergency
0 1 84.9100 56.1900 59.1000 10.1323

10.22202 84.8900 56.2000 59.1900 10.4217
3 84.9200 56.3400 59.2300 10.1120

1 1 84.9900 56.6300 71.2800 51.6573
51.62422 84.8500 56.7400 71.3600 52.0100

3 84.8900 57.1000 71.3300 51.2055
2 1 84.9300 56.5800 71.6100 53.0159

52.92482 84.9700 56.8700 71.6800 52.7046
3 84.8500 56.6900 71.6300 53.0540

3 1 84.9500 56.5800 72.7700 57.0673
56.57242 84.9100 56.8900 72.6300 56.1742

3 84.9000 56.6400 72.6000 56.4756
4 1 84.8600 56.9700 73.4100 58.9459

58.31602 84.7900 56.9500 73.1100 58.0460
3 84.9200 56.6400 73.0300 57.9562



Table B-6 %Detergency of various MES concentration at fixed 5% AE concentration (Cont.)

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average

%Detergency

5 1 84.9500 56.6900 73.6500 60.0142
60.14302 84.8200 56.8900 73.7300 60.2936

3 84.8000 56.7400 73.6100 60.1212
6 1 84.7700 56.6200 73.7700 60.9236

60.31552 84.9600 56.4700 73.8000 60.8284
3 84.9300 56.8700 73.4800 59.1946

7 1 84.8900 56.5500 73.6000 60.1623
60.41692 84.8200 56.5100 73.7200 60.7912

3 84.8800 56.6200 73.6600 60.2972
8 1 84.9100 56.4800 73.7900 60.8864

60.41512 84.9300 56.6800 73.6300 60.0000
3 84.9700 56.5400 73.7000 60.3588

9 1 84.9300 56.6500 73.6800 60.2192
60.55872 84.8700 56.7000 73.7800 60.6319

3 84.9600 56.6000 73.8500 60.8251
10 1 84.6900 56.4400 73.7100 61.1327

60.88082 84.7300 56.4800 73.7200 61.0265
3 84.9800 56.4100 73.6900 60.4830



Table B-7 %Detergency of various active surfactant concentration at the mixture of 5% MES and 5% AE

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average

%Dctcrgcncy

0 1 84.9100 56.1900 59.1000 10.1323
10.22202 84.8900 56.2000 59.1900 10.4217

3 84.9200 56.3400 59.2300 10.1120
0.30 1 84.8900 56.7200 71.1600 51.2602

51.30372 84.9100 56.7900 71.3500 51.7781
3 84.8700 56.8000 71.0800 50.8728

0.40 1 84.9000 58.7400 73.2900 55.6193
56.43322 84.8800 58.7100 73.5700 56.7826

3 84.9300 58.6900 73.6200 56.8979
0.50 1 84.8500 58.5500 74.4100 60.3042

60.05562 84.7900 58.6100 74.3900 60.2750
3 84.9100 58.7300 74.3300 59.5875

0.60 1 84.8500 58.5600 74.3700 60 1369
59.95722 84.8700 58.4500 74.3000 59.9924

3 84.9100 58.5300 74.2900 59.7422

>3



Table B-7 %Detergency of various active surfactant concentration of the mixture of 5% MES and 5% AE (Cont.)

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average

%Dctcrgency

0.70 1 84.8900 59.9100 75.0400 60.5927
60.43672 84.7700 59.9900 75.0100 60.5157

3 84.8300 60.0400 74.9700 60.2016
0.80 1 84.9400 58.6400 74.4700 60.1901

60.30782 84.9100 59.3200 74.7600 60.3361
3 84.8900 59.2100 74.7200 60.3972

0.90 1 84.8800 59.5600 74.7700 60.0711
60.58512 84.9300 58.8700 74.5900 60.3223

3 84.9000 58.7600 74.8000 61.3619
1.00 1 84.8800 57.6500 74.2400 60.9254

60.59302 84.9100 57.4900 74.1700 60.8315
3 84.9000 57.8600 74.0900 60.0222

1.20 1 84.8000 57.7400 74.1000 60.4582
60.73562 84.7700 57.9100 74.1500 60.4617

3 84.7500 57.5500 74.2200 61.2868
1.40 1 84.8800 57.5400 74.0500 60.3877

60.5822า£๗ 84.8100 56.9800 73.9200 60.8696
3 84.8400 57.0500 73.8600 60.4894



Table B-8 %Detergency of various active surfactant concentration of commercial detergent

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
% Detergency Average

%Detergency

0 1 84.9100 56.1900 59.1000 10.1323
10.22202 84.8900 56.2000 ■ • : 59.1900 . . 10.4217

3 84.9200 56.3400 59.2300 10.1120
0.30 1 84.8700 55.5800 62.3600 23.1478

23.17442 84.9400 55.2700 62.3200 23.7614
3 84.9000 56.8200 63.1700 22.6140

0.40 1 84.9500 58.7500 65.4100 25.4198
26.71042 84.8500 59.6500 67.0700 29.4444

3 84.9100 58.6700 65.3000 25.2668
0.50 1 84.9300 58.8000 67.6200 33.7543

36.90762 84.8800 59.2700 69.5400 40.1015
3 84.7900 57.3400 67.4600 36.8670

0.60 1 84.9300 59.7000 68.3600 34.3242
31.42082 84.8800 60.3600 67.4100 28.7520

3 84.7900 61.3500 68.6600 31.1860



Table B-8 %Detergency of various active surfactant concentration of commercial detergent (Cont.)

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f the 
unsoiled swatches 

before washing (Co)

Reflectance o f the soiled 
swatches before 

washing (B)

Reflectance o f the soiled 
swatches after washing 

(A)
%Detergency Average

%Detergeney

0.70 1 84.8000 59.9000 67.9900 32.3083
32.55172 84.9500 60.3500 68.2600 32.2200

3 84.8700 60.6100 68.6300 33.1268
0.80 1 84.9500 58.4200 68.6200 38.4470

37.10462 84.8200 59.7500 68.6900 35.6602
3 84.9100 58.9200 68.5900 37.2066

0.90 1 84.9200 59.3400 69.2600 38.7803
40.28142 84.9500 58.2900 70.4200 45.4989

3 84.8900 58.6900 . . : 6 8 .2 7 0 0 36.5649
1.00 1 84.9200 60.1400 70.3200 41.0815

42.43302 84.9500 57.4000 69.4500 43.7387
3 84.8900 57.7000 69.2500 42.4789

1.20 1 84.8000 55.3600 69.4300 47.7921
42.48132 84.9500 57.1900 68.2700 39.9135

3 84.8700 58.1200 68.7500 39.7383
1.40 1 84.9400 57.3100 68.5700 40.7528

42.48562 84.9000 56.7100 68.4400 41.6105
3 84.8200 54.8600 68.3700 45.0935



Table B-9 %Oil Removal of MES at different concentration

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f 

extracted soil before 
washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled 

(%)

Soil
removal

(%)

Average
soil

removal
(%)

0 1 0.3400 82.0750 0.3060 73.5750 10.3564
10.58852 0.3420 82.5750 0.3050 73.3250 11.2019

3 0.3350 80.8250 0.3020 72.5750 10.2072
1 1 0.3350 80.8250 0.1910 44.8250 44.5407

44.65262 0.3410 82.3250 0.1950 45.8250 44.3365
3 0.3400 82.0750 0.1920 45.0750 45.0807

2 1 0.3400 82.0750 0.1770 41.3250 49.6497
49.54632 0.3390 81.8250 0.1780 41.5750 49.1903

3 0.3350 80.8250 0.1740 40.5750 49.7989
3 1 0.3410 82.3250 0.1650 38.3250 53.4467

53.20952 0.3380 81.5750 0.1640 38.0750 53.3252
3 0.3390 81.8250 0.1660 38.5750 52.8567

4 1 0.3380 81.5750 0.1520 35.0750 57.0028
57.23632 0.3370 81.3250 0.1500 34.5750 57.4854

3 0.3420 82.5750 0.1530 35.3250 57.2207
5 1 0.3350 80.8250 0.1400 . 32.0750 60.3155

60.55522 0.3410 82.3250 0.1410 • ■ 32:3250 60.7349
3 0.3400 82.0750 0.1410 32.3250 60.6153

ov



Table B-9 %Oil Removal of MES at different concentration (Cont.)

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f 

extracted soil before 
washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing
Amount o f 

residual soiled (%)
Soil

removal
(%)

Average
soil

removal
(%)

6 1 0.3370 81.3250 0.1380 31.5750 61.1743
60.66162 0.3350 80.8250 0.1400 32.0750 60.3155

3 0.3390 81.8250 0.1410 32 3250 60.4950
7 1 0.3380 81.5750 0.1410 32.3250 60.3739

60.66232 0.3370 81.3250 0.1390 31.8250 60.8669
3 0.3360 81.0750 0.1390 31.8250 60.7462

8 1 0.3400 82.0750 0.1400 32.0750 60.9199
61.04302 0.3370 81.3250 0.1390 31.8250 60.8669

3 0.3410 82.3250 0.1390 31.8250 61.3422
9 1 0.3380 81.5750 0.1390 31.8250 60.9868

61.30922 0.3390 81.8250 0.1380 31.5750 61.4115
3 0.3400 82.0750 0.1380 31.5750 61.5291

10 1 0.3360 81.0750 0.1390 31.8250 60.7462
61.25252 0.3380 81.5750 0.1370 31.3250 61.5998

3 0.3390 81.8250 0.1380 31.5750 61.4115

- J



Table B-10 %Oil Removal of 5 EO group AE at different concentration

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f 

extracted soil before 
washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled

(%)

Soil
removal

(%)

Average
soil

removal
(%)

0 1 0.3400 82.0750 0.3060 73.5750 10.3564
10.58852 0.3420 82.5750 0.3050 73.3250 11.2019

3 0.3350 80.8250 0.3020 72.5750 10.2072
1 1 0.3340 80.5750 0.1350 30.8250 61.7437

62.63632 0.3350 80.8250 0.1310 29.8250 63.0993
3 0.3320 80.0750 0.1300 29.5750 63.0659

2 1 0.3400 82.0750 0.1230 27.8250 66.0981
66.06122 0.3380 81.5750 0.1240 28.0750 65.5838

3 0.3350 80.8250 0.1200 27.0750 66.5017
3 1 0.3390 81.8250 0.1130 25.3250 69.0498

69.68172 0.3370 81.3250 0.1100 24.5750 69.7817
3 0.3350 80.8250 0.1080 24.0750 70.2134

4 1 0.3350 80.8250 0.1010 22.3250 72.3786
72.33252 0.3340 80.5750 0.1010 22.3250 72.2929

3 0.3380 81.5750 0.1020 22.5750 72.3261
5 1 0.3370 81.3250 0.0930 19.8740 75.5623

75.52872 0.3360 81.0750 0.0920 19.8210 75.5523
3 0.3350 80.8250 0.0910 19.8250 75.4717



Table B-10 %Oil Removal of 5 EO group AE at different concentration (Cont.)

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f 

extracted soil before 
washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled 

(%)

Soil
removal

(%)

Average
soil

removal
(%)

6 1 0.3370 81.3250 0.090 19.575 75.9299
76.22452 0.3320 80.0750 0.087 18.825 76.4908

3 0.3330 80.3250 0.088 19.075 76.2527
7 1 0.3350 80.8250 0.087 18.825 76.7089

76.67062 0.3380 81.5750 0.090 19.575 76.0037
3 0.3390 81.8250 0.086 18.575 77.2991

8 1 0.3380 81.5750 0.087 18.825 76.9231
76.39252 0.3360 81.0750 0.089 19.325 76.1640

3 0.3350 80.8250 0.089 19.325 76.0903
9 1 0.3410 82.3250 0.089 19.325 76.5260

76.74392 0.3380 81.5750 0.088 19.075 76.6166
3 0.3360 81.0750 0.086 18.575 77.0891

10 1 0.3330 80.3250 0.087 18.825 76.5640
76.73012 0.3380 81.5750 0.085 18.325 77.5360

3 0.3350 80.8250 0.089 19.325 76.0903

'งVO



Table B -ll %Oil Removal of various MES concentration at fixed 5% AE

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f 

extracted soil before 
washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled 

(%)

Soil
removal

(%)

Average
soil

removal
(%)

0 1 0.3400 82.0750 0.3060 73.5750 10.3564
10.58852 0.3420 82.5750 0.3050 73.3250 11.2019

3 0.3350 80.8250 0.3020 72.5750 10.2072
1 1 0.3370 81.3250 0.1340 30.5750 62.4039

62.91112 0.3320 80.0750 0.1300 29.5750 63.0659
3 0.3310 79.8250 0.1290 29.3250 63.2634

2 1 0.3360 81.0750 0.1210 27.3250 66.2966
66.43462 0.3330 80.3250 0.1190 26.8250 66.6044

3 0.3400 82.0750 0.1220 .27.5750 66.4027
3 1 0.3380 81.5750 0.1070 23.8250 70.7937

70.62752 0.3390 81.8250 0.1050 23.3250 71.4940
3 0.3350 80.8250 0.1100 24.5750 69.5948

4 1 0.3360 81.0750 0.0840 18.0750 77.7058
76.81132 0.3320 80.0750 0.0870 18 8250 76.4908

3 0.3370 81.3250 0.0890 19.3250 76.2373
5 1 0.3340 80.5750 0.0730 15.3250 80.9805

80.58472 0.3380 81.5750 0.0740 15.5750 80.9071
3 0.3410 82.3250 0.0780 16.5750 79.8664

oo©



Table B -ll %Oil Removal of various MES concentration at fixed 5% AE (Cont.)

Surfactant
concentration

(%wt/v)
Sample

No.
Reflectance o f 

extracted soil before 
washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled

(%)

Soil
removal

(%)

Average
soil

removal
(%)

6 1 0.3360 81.0750 0.0730 15.3250 81.0977
80.83672 0.3370 81.3250 0.0770 16.3250 79.9262

3 0.3320 80.0750 0.0710 14.8250 81.4861
7 1 0.3340 80.5750 0.0750 15.8250 80.3599

80.41962 0.3360 81.0750 0.0720 15.0750 81.4061
3 0.3350 80.8250 0.0780 16.5750 79.4927

8 1 0.3400 82.0750 0.0730 15.3250 81.3281
80.70092 0.3370 81.3250 0.0760 16.0750 80.2336

3 0.3370 81.3250 0.0750 15.8250 80.5410
9 1 0.3360 81.0750 0.0740 15.5750 80.7894

80.77042 0.3330 80.3250 0.0730 15.3250 80.9213
3 0.3380 81.5750 0.0750 15.8250 80.6007

10 1 0.3370 81.3250 0.0720 15.0750 81.4633
80.94672 0.3390 81.8250 0.0770 16.3250 80.0489

3 0.3400 82.0750 0.0730 15.3250 81.3281



Table B-12 %Oil Removal of active surfactant concentration at the mixture of 5% MES and 5% AE

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f 
extracted soil before 

washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled 

(%)

Soil
removal

(%)

Average
soil

removal
(%)

0 1 0.3400 82.0750 0.3060 73.5750 10.3564
10.58852 0.3420 82.5750 0.3050 73.3250 11.2019

3 0.3350 80.8250 0.3020 : .'72 .5750 10.2072
0.3 1 0.3390 81.8250 0.1160 26.0750 68.1332

68.26642 0.3410 82.3250 0.1150 25.8250 68.6304
3 0.3380 81.5750 0.1160 26.0750 68.0356

0.4 1 0.3400 82.0750 0.0830 17.8250 78.2821
78.27372 0.3370 81.3250 0.0810 17.3250 78.6966

3 0.3380 81.5750 0.0840 18.0750 77.8425
0.5 1 0.3390 81.8250 0.0760 16.0750 80.3544

80.39542 0.3410 82.3250 0.0780 16.5750 79.8664
3 0.3390 81.8250 0.0740 15.5750 80.9655

0.6 1 0.3370 81.3250 0.0750 15.8250 80.5410
80.49902 0.3380 81.5750 0.0740 15.5750 80.9071

3 0.3390 81.8250 0.0770 16.3250 80.0489

oo



Table B-12 %Oil Removal of active surfactant concentration at the mixture of 5% MES and 5% AE (Cont.)

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f 
extracted soil before 

washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled 

(%)

Soil
removal

(%)

Average
soil

removal
(%)

0.7 1 0.3370 81.3250 0.0740 15.5750 80.8484
80.82962 0.3340 80.5750 0.0730 15.3250 80.9805

3 0.3390 81.8250 0.0750 15.8250 80.6599
0.8 1 0.3400 82.0750 0.0730 15.3250 81.3281

80.82292 0.3380 81.5750 0.0740 15.5750 80.9071
3 0.3370 81.3250 0.0760 16.0750 80.2336

0.9 1 0.3400 82.0750 0.0750 15.8250 80.7189
80.66012 0.3380 81.5750 0.0740 15.5750 80.9071

3 0.3390 81.8250 0.0760 16.0750 80.3544
1.0 1 0.3390 81.8250 0.0750 . 15.8250 80.6599

80.66072 0.3410 82.3250 0.0760 ■ 16:0750 80.4737
3 0.3370 81.3250 0.0740 15.5750 80.8484

1.2 1 0.3360 81.0750 0.0750 15.8250 80.4810
80.62032 0.3400 82.0750 0.0760 16.0750 80.4143

3 0.3390 81.8250 0.0740 15.5750 80.9655
1.4 1 0.3390 81.8250 0.0740 15.5750 80.9655

80.64032 0.3370 81.3250 0.0750 15.8250 80.5410
3 0.3400 82.0750 0.0760 16.0750 80.4143



Table B-13 %Oil Removal of active surfactant concentration of commercial detergent

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f 
extracted soil before 

washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled 

(%)

Soil
removal

(%)

Average
soil

removal
(%)

0 1 0.3400 82.0750 0.3060 73.5750 10.3564
10.58852 0.3420 82.5750 0.3050 73.3250 11.2019

3 0.3350 80.8250 0.3020 72.5750 10.2072
0.3 1 0.3410 82.3250 0.2830 67.8250 17.6131

17.19312 0.3380 81.5750 0.2820 67.5750 17.1621
3 0.3390 81.8250 0.2840 68.0750 16.8042

0.4 1 0.3410 82.3250 0.2730 65.3250 20.6499
19.97672 0.3360 81.0750 0.2750 65.8250 18.8097

3 0.3390 81.8250 0.2720 65.0750 20.4705
0.5 1 0.3400 82.0750 0.2610 62.3250 24.0634

23.47712 0.3390 81.8250 0.2650 63.3250 22.6092
3 0.3400 82.0750 0.2620 62.5750 23.7588

0.6 1 0.3380 81.5750 0.2440 58.0750 28.8078
27.72082 0.3360 81.0750 0.2480 59.0750 27.1354

3 0.3350 80.8250 0.2470 58.8250 27.2193



Table B-13 %Oil Removal of active surfactant concentration of commercial detergent (Cont.)

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f 
extracted soil before 

washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled

(%)

Soil
removal

(%)

Average
soil

removal
(%)

0.7 1 0.3330 80.3250 0.2380 56.5750 29.5674
31.38042 0.3420 82.5750 0.2350 55.8250 32.3948

3 0.3380 81.5750 0.2330 55.3250 32.1790
0.8 1 0.3410 82.3250 0.2290 54.3250 34.0115

34.04552 0.3420 82.5750 0.2280 54.0750 34.5141
3 0.3360 81.0750 0.2270 53.8250 33.6109

0.9 1 0.3400 82.0750 0.2180 51.5750 37.1611
37.18432 0.3390 81.8250 0.2170 51.3250 37.2747

3 0.3350 80.8250 0.2150 50.8250 37.1172
1.0 1 0.3380 81.5750 0.1990 46.8250 42.5988

42.67242 0.3370 81.3250 0.1980 46.5750 42.7298
3 0.3420 82.5750 0.2010 47.3250 42.6885

1.2 1 0.3350 80.8250 0.1960 46.0750 42.9941
42.91992 0.3410 82.3250 0.1990 46.8250 43.1218

3 0.3400 82.0750 0.2000 47.0750 42.6439
1.4 1 0.3380 81.5750 0.1960 46.0750 43.5182

43.06632 0.3340 80.5750 0.1950 45.8250 43.1275
3 0.3360 81.0750 0.1980 46.5750 42.5532



Table B-14 %Oil Removal of LAS at different concentration

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f 
extracted soil before 

washing

Amount o f 
applied soiled

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled

(%)

Soil
removal

(%)

Average
soil

removal
(%)

0 1 0.3400 82.0750 0.3060 73.5750 10.3564
10.58852 0.3420 82.5750 0.3050 73.3250 11.2019

3 0.3350 80.8250 0.3020 72.5750 10.2072
1 1 0.3380 81.5750 0.2840 63.1200 22.6234

22.66342 0.3370 81.3250 0.2850 63.1900 22.2994
3 0.3420 82.5750 0.2830 63.5270 23.0675

2 1 0.3380 81.5750 0.2790 59.5560 26.9923
26.56312 0.3340 80.5750 0.2700 59.1450 26.5963

3 0.3360 81.0750 0.2710 59.9140 26.1005
3 1 0.3350 80.8250 0.2510 57.1510 29.2904

30.15992 0.3410 82.3250 0.2550 57.0020 30.7598
3 0.3400 82.0750 0.2540 57.1000 30.4295

4 1 0.3400 82.0750 0.2300 54.5750 33.5059
32.99482 0.3390 81.8250 0.2320 55.0750 32.6917

3 0.3350 80.8250 0.2290 54.3250 32.7869
5 1 0.3330 80.3250 0.2220 52.5750 34.5472

36.08392 0.3420 82.5750 0.2180 51.5750 37.5416
3 0.3380 81.5750 0.2200 52.0750 36.1630

๐ 0
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Table B-14 %Oil Removal of LAS at different concentration (Cont.)

Active
surfactant

concentration
(%wt/v)

Sample
No.

Reflectance o f 
extracted soil before 

washing

Amount o f 
applied soiled 

(%)

Reflectance o f 
extracted soil after 

washing

Amount o f 
residual soiled 

(%)

Soil
removal

(%)

Average
soil

removal
(%)

6 1 0.3410 82.3250 0.2120 50.0750 39.1740
39.33212 0.3420 82.5750 0.2110 49.8250 39.6609

3 0.3360 81.0750 0.2090 49.3250 39.1613
7 1 0.3400 82.0750 0.1930 45.3250 44.7761

45.22822 0.3390 81.8250 0.1910 44.8250 45.2185
3 0.3400 82.0750 0.1900 44.5750 45.6899

8 1 0.3380 81.5750 0.1850 43.3250 46.8894
45.89552 0.3360 81.0750 0.1890 44.3250 45.3284

3 0.3350 80.8250 0.1880 44.0750 45.4686
9 1 0.3410 82.3250 0.1850 43.3250 47.3732

47.41062 0.3380 81.5750 0.1840 43.0750 47.1958
3 0.3390 81.8250 0.1830 42.8250 47.6627

10 1 0.3410 82.3250 0.1820 42.5750 48.2842
47.81322 0.3360 81.0750 0.1800 42.0750 48.1036

3 0.3390 81.8250 0.1850 43.3250 47.0516

๐ 0A
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Appendix c Experimental data of Residual Surfactant Adsorption on Fabric 
after Rinsing Determination

The amount o f residual surfactant adsorption on the fabric after rinsing can 
be calculated from mass balance principle

Washing Step First Rinsing Step Second Rinsing step
Where
Go is the initial weight o f prepared surfactant

Gi is the weight o f surfactant after washing, obtained from titration method

G2, (G0-G 1), is the weight o f residual surfactant on the fabric after washing

G3 is the weight of surfactant after first rinsing, obtained from titration method

G4, (G2-G3), is the weight o f residual surfactant on the fabric after first rinsing

G5 is the weight o f surfactant after second rinsing, obtained from titration method

G6, (G4-G5), is the weight o f residual surfactant on the fabric after second or last 
rinsing



Table C-l Titration of MES at 5%wt/v optimum concentration

Cleaning
step

Standard surfactant Sample surfactant Weight o f 
anionic sample 

surfactant 
(gram)

Weight o f 
total sample 

surfactant 
(gram)

Used volume 
(V ,) (pL)

Concentration 
(M ,), (mol/L)

Used volume 
(V2) (pL)

Concentration 
(M2) (mol/L)

Washing 77 0.005 3 0.1283 49.1145 49.1145 G1
Rinsing 1 20 0.005 70 1.429E-03 0.5467 0.5467 G3
Rinsing 2 1 0.005 540 9.259E-06 3.544E-03 3.544E-03 G5

Table C-2 Titration o f LAS at 7%wt/v optimum concentration

Cleaning
step

Standard surfactant Sample surfactant Weight o f 
anionic sample 

surfactant 
(gram)

Weight o f 
total sample 

surfactant 
(gram)

Used volume 
(V ,)(p L )

Concentration 
(M ,), (mol/L)

Used volume 
(V2) (pL)

Concentration 
(M2) (mol/L)

Washing 81 0.005 2 0.2025 69.6600 69.6600 G,
Rinsing 1 20 0.005 1000 1.000E-04 0.0344 0.0344 g 3
Rinsing 2 10 0.005 5200 9.615E-06 0.00331 0.00331 g 5

GO ร๐



Table C-3 Titration of mixed system 5% MES and 5% AE at 0.5% active surfactant concentration

Cleaning
step

Standard surfactant Sample surfactant W eight o f 
anionic sample 

surfactant 
(gram)

W eight o f 
total sample 

surfactant 
(gram)

Used volume 
(V ,)(p L )

Concentration 
(M |), (mol/L)

Used volume 
(V2) (pL)

Concentration 
(M2) (mol/L)

Washing 20 0.005 17.5 0.0057 2.2537 4.5074 G,
Rinsing 1 5 0.005 120 2.083E-04 0.0822 0.1643 g 3
Rinsing 2 0.2 0.005 7000 1.429E-07 5.634E-05 1.1269E-04 g 5

Table C-4 Titration o f commercial detergent at 1% active surfactant concentration

Cleaning
step

Standard surfactant Sample surfactant W eight o f 
anionic sample 

surfactant 
(pram)

W eight o f 
total sample 

surfactant 
(gram)

Used volume 
(V i)(p L )

Concentration 
(M l), (mol/L)

Used volume 
(V2) (pL)

Concentration 
(M 2) (mol/L)

Washing 57 0.005 14.5 0.0197 6.3879 9.5819 G1
Rinsing 1 5 0.005 430 5 .814E-05 1.8895E-02 0.0283 G3
Rinsing 2 0.2 0.005 6500 1.538E-07 5.0000E-05 7.500E-05 G5

o



Table C-5 Calculation of the amount of residual surfactant adsorption on the fabric at different surfactant types

Types o f surfactants
Optimum

concentration
(%wt/v)

Go
(gram)

G,
(gram)

g 2
(gram)

g 3
(gram)

g 4
(gram)

g 5
(gram)

g 6
(gram)

Amount o f residual 
surfactant per Fabric 

area (g/in.2)
Single system of 

MES 5.0 50.0 49.1145 0.8855 0.5467 0.3388 3.544E-03 0.3353 0.009313
Single system of 

LAS 7.0 70.0 69.6600 0.3400 0.0344 0.3056 3 .3 10E-03 0.3023 0.008397
Mixed system o f 

MES and AE 0.50 5.0 4.5074 0.4926 0.1643 0.3283 1.127E-04 0.3282 0.009116
Commercial

detergent 1.0 10.0 9.5819 0.4181 0.0283 0.3898 7.500E-05 0.3897 0.010826
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