REFERENCES

Azemar, N., Carrera, 1., and Solans, C. (1993) Studies on textile detergency at low
temperature. Journal of Dispersion Science and Technology, 4(6), 645-660.

Azemar, N. (1997) The role of microemulsions in detergency process. In Solans, C.,
and Kunieda, H. (Eds.). Industrial Applications of Microemulsions. New
York: Marcel Dekker.

Benson, H.L. (1982, May) Paper Presented at 73" Annual American Oil Cherr;igt_r)g
Society’s Meeting, Toronto, Canada.

Benson, H.L. (1986, May) Paper Presented at 77" Annual American Oil Chemistry
Society’s Meétinq.

Bidyut K. P. And Satya P. M. (2001) Uses and Application of Microemulsions.
Current Science, 80(8), 990-1000.

Carroll, B. (1996) The Direct Study. of Oily Soil removal from Solid Substrates in
Detergency, Colloids and Surfaces, 114, 161-164.

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

Christ, T., Morgenthaler, W.W., and Pacholec, F. (1994) Laundry products. In
Lange, K.R. (Eds.), Detergents and Cleaners: A Handbook for Formulators.

New York: Hanser.

Dillan, K.W. (1984) Journal of American Oil Chemist’s Society.61 ,1278.

Dillan, K.W., E.D. Goddard and D.A. Mc Kenzie. (1979) Journal of American Oil
Chemist’s Society.56, 59-63.

Furby, N-W. and Ku, P.M. (Eds.) (1973) Interdisciplinary Approach to Liquid

Lubricant Technology, 57.

Germain, T. (2002) Understanding . Terg-O-Tomerter testing variables, The paper
presented on AOCS Annual Meeting, Montreal, Canada.

Ginn, M.E. and Harris J.C. (1961) Journal of American Oil Chemist’s Society 38,
605-611.




45

Gordon, B.E., Roddewig, J., and Shebs, W.T. (1967) A double label radiotracer

approach to detergency studies. Journal of American Oil Chemist’s Society,
44, 289-294. '

Goel, S.K. (1998) Measuring detergency of oily soil in the vicinity of phase
inversion temperatures of commercial nonionic surfactants using an oily-
soluble dye. Journal of Surfactants and Detergents, 1(2), 221-225.

Goel, S.K-. (1998) Selecting the optimal linear alcohol ethoxylate for enhanced oily

soil removal. Journal of Surfactants and Detergents, 1(2), 213-219.
Goel, S.K. (2000) Phase Behavior and Detergency Study of Lauryl Alcohol
Ethoxylate with High Ethylene Oxide Content, Journal of Surfactants and

Detergents, 3, 221-228.

Hamdan, S., Laili, C R., Kuang, E. And Salina, S. (1995) Vegetable oil in aqueous
microemulsion systems stabilized by nonionic surfactant. Elaesie, 15(2),
151-158.

Jakobi, G. and A. Lohr, (1987), Detergents and Textile Washing, Germany: Henkel,
Dusseldorf, p.107. '

Kissa, E. (1971) Kinetic of Oily soil release, Textile Research Journal, 41, 760

Kissa, E. (1987) Evaluation of detergency. In Culter, W.G., and Kissa, E. (Eds.).

Detergency Theory and Technology. New York: Marcel Dekker.

Linfield, W.M., Jungermann, E., and Sherrill, J.C. (1962) Establishment of a
standardized detergency evaluation method. Journal of American Oil
Chemist’s Society, 34, 47-52.

Lim, W H. and Salmiah Ahmad. (2001) Surface tension, Foaming and detergency

properties of mixed alpha-sulphonated methyl esters derived from palm
stearin with some commercial surfactant. Journal of Oil Palm Research,
13(1), 75-83.

Huang L. and Lips A. (2004) Microemulsion of Triglyceride Sebum and the role of

interfacial Structual on Bicontinuous Phase Behavior. Langmuir, 20, 3559-
3563. )
Mankowich, A.M. (1961) Journal of American Oil Chemist’s Society. 38, 589-592.
M. J. Schick (ed.) (1967) Nonionic Surfactants, Newyork: Marcel Dekker.




46

Morris, M.A. and Prato, H.H. (1982) The effect of wash temperature on removal of
particulate and oily soil from fabrics of varying fiber content. Textile
Research Journal, 52, 280-286.

Obendorf, S.K. and Klemash, N.A. (1982) Electron microscopical analysis of oily

soil penetration into cotton and polyester/cotton fabrics. Textile Research
Journal, 434-442.

Obendorf, S.K. and Borsa, J. (2001) Lipid soil removal from cotton fabric after
mercerization and carboxymethylation finishing. Journal of Surfactants and
Detergents, 4(3), 247-256.

Ogino, K., H. Uchiyama, and M, Abe, (1992), Hydrophilic-Hydrophilic Interaction
of Mixed Surfactant Systems, Mixed Surfactant systems, edited by K. Ogino
and M. Abe, Marcel Dekker, Newyork, p.189

Pierce, R.C. and J.R. Trowbridge. (1980, April 27-May 1) Paper Present at 71°
Annual American Oil Chemistry Society’s Meeting, New York.

Powe, W.C. (1963) Removal of Fatty Soil from Cotton in Aqueous Detergent

Systems. Journal of American Oil Chemist’s Society, 40, 290-295.

Powe, W.C. (1972) Luandry soils. In Cutler, W.G., and Davis, R.C. (Eds.),
Detergency: Theory and Test Method Part 1. New York: Marcel Dekker.

Raman, I A B., Suhaimi, H., and Tiddy, G J T (2003). Formation of microemulsion
with palm-based oils stabilized by a non-ionic surfactant. Journal of oil
Palm Research, 15(2), 50-61.

Raney, (1991) Optimization of Nonionic/Anionic Surfactant Blends for Enhanced
Oily Soil Removal. Journal of American Oil Chemist’s Society. 68, 522-
527.

Raney, K.H. and Benson, H.L. (1990) The effect of polar soil components on the

phase inversion temperature and optimum detergency conditions. Journal of
American Oil Chemist’s Society, 67(11), 722-729.
Raney, K.H., Benton, W.J., and Miller, C.A. (1987) Optimum detergency conditions

with nonionic surfactants. Journal of Colloid and Interface Science, 117(1),
282-290.

Rosen, M.J. (1988) Surfactants and Interfacial Phenomena, 2™ ed. New York: John
Wiley.




47

Schwartz, A.M. (1971) Journal of American Oil Chemist’s Society, 48,566-571.

Scott, B.A. (1963). Mechanism of fatty soil removal. Journal of Applied Chemistry,
13, 133-138.

Solans, C., Dominguez, J.G., and Friberg, S.E. (1985) Evaluation of textile detergent

efficiency of microemulsions in systems of water nonionic surfactant and

hydrocarbon at low temperature. Journal of Dispersion Science and
Technology, 6(5), 523-537. '

Solans, C., Azemar, N., and Parra, J.L. (1988) Proceeding of CESIO 2™ world
surfactants congress. Journal of Calbet, 2(6), 421-429.

Solans, C., and Azemar, N. (1992) Detergency and the HLB temperature. In Friberg,
S.E., and Linman, B. (Eds.). Organized Solutions. New York: Marcel
Dekker.

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

Tongeumpou C., Acosta E.J., Joseph A.F., Scamehorn L.B., Sabatini D.A., Chavadej

S. and Yanumet N. (2003) Microemulsion Formation and Detergency with
Oily Soils:I.Phase Behavier and Interfacial Tension. Journal of Surfactants
and Detergents, 6(3), 191-203.

Tongcumpou C., Acosta E.J., Joseph A.F., Scamehorn L.B., Sabatini D.A., Chavadej

S. and Yanumet N. (2003) Microemulsion Formation and Detergency with
Oily Soils:Il.Detergency Formulation and Performance. Journal of
Surfactants and Detergents, 6(3), 205-214.

Tongcumpou C., Acosta E.J., Joseph A.F., Scamehorn L.B., Sabatini D.A., Chavade;j

S. and Yanumet N. (2003) Microemulsion Formation and Detergency with

Oily Soils:III. Performance and Mechanisms. Journal of Surfactants and

Detergents, 8(2), 147-156.
Verma, S. and Kumar, V.V. (1998) Relationship between oil-water interfacial

tension and oily soil removal in mixed surfactant systems. Journal of Colloid

and Interface Science, 207, 1-10.




48

Webb, J.J. and Obendorf, S.K. (1988) Detergency study of the synergism between

oily and particulate soil on polyester/cotton fabric. Journal of American Qil

Chemist’s Society, 67(11), 722-729.

Whang, H.S., Kim, Y.J., and Ko, S.W. (2001) Effect of hydrophile-lipophile balance
values of surfactant mixtures on the detergency of oily-soiled single fiber.
Textile Research Journal, 71(7), 650-654.

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

Wu, B., Cheng, H., Childs, J.D., and Sabatani, D.A. (2000) Surfactant-enhanced
removal of hydrophobic oil contamination. In Smith, J.A., and Burns, S.E.

(Eds.). Physicochemical Ground Water Remediation, New York: Plenum.




APPENDICES

Appendix A Experimental Data of Microemulsion Formation

1. Solubilization parameter (SP)

The solubilization parameter of oil (SPo) and water (SPwv) are designed as :

SPo =Vo and SPw = Vw (A.1)
Ms Ms

Where Vo = volume of oil solubilized
Ms= weight of surfactants

Vw= volume of water solubilized



2. Experiment data of solubilization parameter

Table A-1 Volume fractions of water, middle, and oil phase and solubilization parameters of oil and water phases in microemulsion

formation with 0.1 wt% Alfotera and 5 wt% Tergitol at different NaCl concentrations by using an oil to water ratio of 1:1

Phase height (cm) Total Relative volume Solubilization
Sample | o .0 _ pimse _ , Ms
number Water | Middle | Oil h(ilil;t Water | Middle | Oil Spw Spo
1 0.1 35.52 0 33.31 | 68.83 | 0.5161 0 0.4839 | 0.2674 | 19.29D | 0.6004
2 0.5 35.55 0 33.46 | 69.01 | 0.5151 0 0.4849 | 0.2674 | 19.2649 | 0.5663
3 1 36.25 0 33.1 | 69.35 | 0.5227 0 0.4773 | 0.2674 | 19.5479 | 0.8493
4 1.5 36.05 0 32.14 | 68.19 | 0.5287 0 04713 | 0.2674 | 19.7708 | 1.0722
5 2 36.41 0 32.27 | 68.68 | 0.5301 0 0.4699 | 0.2674 | 19.8257 | 1.1271
6 3 20.53 | 18.82 | 28.89 | 68.24 | 0.3008 | 0.276 | 0.4234 | 0.2674 | 7.4476 | 2.8662
7 4 26.07 | 189 | 23.64 | 68.61 | 0.3800 | 0.275 | 0.3446 | 0.2674 | 4.4886 | 5.8132
8 5 283 | 1569 | 24.96 | 68.95 | 04104 | 0.228 | 03620 | 0.2674 | 3.3492 | 5.1608
9 10 31.32 0 3724 | 68.56 | 0.4568 0 0.5432 | 02674 | 1.6146 | 20.3132
10 15 31.1 0 37.62 | 68.72 | 0.4526 0 0.5474 | 02674 | 1.7741 | 20.4727

0s



Table A-2 Volume fractions of water, middle, and oil phase and solubilization parameters of oil and water phases in microemulsion

formation with 0.3 wt% Alfotera and 5 wt% Tergitol at different NaCl concentrations by using an oil to water ratio of 1:1

Phase height (cm) Total Relative volume Solubilization
Sample | o0 , phase SN Mss
number Water | Middle | 0il h((::lril)lt Water | Middle | il Spw Spo
1 0.1 35.07 0 33.12 | 68.19 | 0.5143 0 0.4857 | 0.3023 | 17.0128 | 0.4730
2 0.5 353 0 33.98 | 69.28 | 0.5095 0 0.4905 | 0.3023 | 16.8550 | 0.3151
3 1 36.1 0 3247 | 68.57 | 0.5265 0 0.4735 | 0.3023 | 17.4155 | 0.8756
4 1.5 36.13 0 31.7 | 67.83 | 0.5327 0 0.4673 | 0.3023 | 17.6201 | 1.0802
5 2 37.01 0 31.67 | 68.68 | 0.5389 0 0.4611 | 0.3023 | 17.8259 | 1.2860
6 3 17.94 | 22.65 | 27.46 | 68.05 | 0.2636 | 0.333 | 0.4035 | 0.3023 | 7.8191 3.1913
7 - 2482 | 2343 | 20.05 | 683 | 0.3634 | 0.343 | 0.2936 | 0.3023 | 4.5188 | 6.8290
8 5 27.68 17.62 | 23.63 | 68.93 | 0.4016 | 0.256 | 0.3428 | 0,3023 | 3.2561 5.1998
9 10 31.19 36.82 | 68.01 | 0.4586 0 0.5414 | 03023 | 1.3692 | 17.9091
10 15 30.74 37.17 | 6791 | 0.4527 0 0.5473 | 0.3023 | 1.5661 | 18.1059




Table A-3 Volume fractions of water, middle, and oil phase and solubilization parameters of oil and water phases in microemulsion

formation with 0.5 wt% Alfotera and 5 wt% Tergitol at different NaCl concentrations by using an oil to water ratio of 1:1

Phase height (cm) Total Relative volume Solubilization

Sample | o\ _ plaage : , Ms

number Water | Middle | Oil hélfli;t Water | Middle | Oil Spw Spo
1 0.1 34.96 0 322 67.16 | 0.5205 0 0.4795 | 0.3371 | 15.4419 | 0.6096
2 0.5 35.26 0 33.28 68.54 | 0.5144 0 0.4856 | 0.3371 | 15.2609 | 0.4285
3 1 36.35 0 31.94 68.29 | 0.5323 0 0.4677 | 0.3371 | 15.7902 | 0.9578
4 1.5 36.49 0 324 68.89 | 0.5297 0 0.4703 | 0.3371 | 15.7130 | 0.8806
5 2 37.64 0 31.16 68.8 0.5471 0 0.4529 | 0.3371 | 16.2294 | 1.3970
6 3 18.6 22.1 28.25 68.95 | 0.2698 0.321 0.4097 | 0.3371 | 6.8300 | 2.6782
i 4 24.65 17.69 26.38 68.72 | 0.3587 | 0.257 | 0.3839 [ 0.3371 | 4.1916 | 3.4448
8 5 27.45 18.15 23.56 69.16 | 0.3969 | 0.262 | 0.3407 | 0.3371 | 3.0583 | 4.7268
9 10 30.57 0 37.81 68.38 | 0.4471 0 0.5529 [ 0.3371 | 1.5704 | 16.4028
10 15 30.99 0 38.17 69.16 | 0.4481 0 0.5519 | 0.3371 | 1.5399 | 16.3723




Table A-4 Volume fractions of water, middle, and oil phase and solubilization parameters of oil and water phases in microemulsion

formation with 1.0 wt% Alfotera and 5 wt% Tergitol at different NaCl concentrations by using an oil to water ratio of 1:1

Phase height (cm) Total Relative volume Solubilization

Sample | ¢/ \1001 phase Ms
number Water | Middle | Oil h(f:ril;t Water | Middle | Oil Spw Spo
1 0.1 34.05 0 34.04 | 68.09 | 0.5001 0 0.4999 |0.3371 | 11.7886 | 0.0017
2 0.5 34.7 0 3331 | 68.01 | 0.5102 | 0 0.4898 |0.3371 [ 12.0278 | 0.2409
3 1 35.79 0 334 | 69.19 | 0.5173 0 0.4827 | 0.3371 | 12.1940 | 0.4071
4 1.5 | 3646 0 31.73 | 68.19 | 0.5347 0 0.4653 | 0.3371 | 12.6045 | 0.8176
5 2 37.39 0 3101 | 684 | 0.5466 0 0.4534 |0.3371 | 12.8863 | 1.0994
6 3 1233 | 3008 | 2642 | 68.83 | 0.1791 | 0437 | 0.3838 |0.3371 | 7.5640 | 2.7382
7 4 2258 | 2958 | 15.83 | 67.99 | 03321 | 0435 | 0.2328 |0.3371 | 3.9579 | 6.2982
8 5 28.13 0 40.02 | 68.15 | 04128 | 0.000 | 0.5872 [0.3371 | 2.0564 |13.8433
9 10 30.21 0 38.52 | 68.73 | 0.4395 0 0.5605 |0.3371 | 1.4251 | 13.2120
10 15 31.22 37.92 | 69.14 | 0.4515 0 0.5485 | 0.3371 | 1.1422 | 12.9291

€S



Table A-5 Volume fractions of water, middle, and oil phase and solubilization parameters of oil and water phases in microemulsion

formation with 0.1 wt% Alfotera and 3 wt% Tergitol at different NaCl cencentraticas by using an oil to water ratio of 1:1

Phase height (cm) Total Relative volume Solubilization
Sample ph-ase N
number | %NaCl | Water | Middle | Oil h(ilfl})n Water | Middle | il Spw Spo
1 0.1 35.05 0 33.29 | 68.34 | 0.5129 0 0.4871 | 0.1674 | 30.6378 | 0.7692
2 0.5 35.33 0 34.06 | 69.39 | 0.5092 0 0.4908 | 0.1674 | 30.4152 | 0.5467
3 [ 35.97 0 33.22 | 69.19 | 0.5199° 0 0.4801 |0.1674 | 31.0557 | 1.1871
4 1.5 35.19 0 3329 | 6848 | 05139 0 0.4861 |0.1674 | 30.6973 | 0.8287
5 2 36.15 0 32.63 68.78 | 0.5256 0 0.4744 | 0.1674 | 29.8686 | 1.5286
6 3 26.09 11.49 30.61 68.19 | 0.3826 | 0.168 | 0.4489 |0.1674 | 7.0127 3.0530
7 4 30.61 9.4 28.8 68.81 | 0.4448 | 0.137 | 04185 | 0.1674 | 3.2946 4.8660
8 5 30.87 4.9 32.92 | 68.69 | 0.4494 | 0.071 0.4793 | 0.1674 | 3.0221 1.2393
9 10 32.91 0 35.64 | 68.55 | 0.4801 0 0.5199 [0.1674 | 1.1895 | 31.0581
10 15 33.53 0 35.81 69.34 | 0.4836 0 0.5164 [0.1674 | 0.9821 | 30.8507




Table A-6 Volume fractions of water, middle, and oil phase and solubilization parameters of oil and water phases in microemulsion

formation with 0.1 wt% Alfotera and 5 wt% Tergitol at different NaCl concentrations by using an oil to water ratio of 1:1

Phase height (cm) Total Relative volume Solubilization
Sample phlase Ms
number | %NaCl | Water | Middle 0il h(ilril;t Water | Middle il Spw Spo
1 0.1 34.96 0 323 67.16 0.,5205 0 0.4795 | 0.2674 | 19.4670 | 0.7684
2 0.5 35.26 0 33.28 68.54 0.5144 0 0.4856 | 0.2674 | 19.2387 | 0.5402
3 1 36.35 0 31.94 68.29 0.5323 0 0.4677 | 0.2674 | 19.9061 | 1:2075
4 1.5 36.49 0 324 68.89 0.5297 0 0.4703 | 0.2674 | 19.8087 | 1.1101
5 2 37.64 0 31.16 68.8 0.5471 0 0.4529 | 0.2674 | 20.4597 | 1.7611
6 3 18.6 22.1 28.25 68.95 0.2698 0.321 0.4097 | 0.2674 | 8.6103 | 3.3763
7 4 24.65 17.69 26.38 68.72 0.3587 0.257 0.3839 | 0.2674 | 5.2841 | 4.3427
8 5 27.45 18.15 23.56 69.16 0.3969 0.262 0.3407 | 0.2674 | 3.8554 | 5.9589
9 10 30.57 0 37.81 68.38 | 0.4471 0 0.5529 |0.2674 | 1.9798 |20.6784
10 15 30.99 0 38.17 69.16 0.4481 0 0.5519 | 0.2674 | 1.9412 | 20.6398

S¢



Table A-7 Volume fractions of water, middle, and oil phase and solubilization parameters of oil and water phases in microemulsion

formation with 0.1 wt% Alfotera and 8 wt% Tergitol at different NaCl concentrations by using an oil to water ratio of 1:1

Phase height (cm) Total Relative volume Solubilization
Sample ph.asc Ms
number | %NaCl | Wwater | Middle 0il h(ilf]l;t Water | Middle 0il Spw Spo
] 0.1 36.42 0 34.04 | 7046 | 0.5169 0 0.4831 |[0.4174 | 12.3835 | 0.4046
2 0.5 35.58 0 33.64 | 69.22 | 0.5140 0 0.4860 |0.4174 | 12.3146 | 0.3357
3 1 36.12 0 32.81 | 68.93 | 0.5240 0 0.4760 |0.4174 | 12.5541 | 0.5752
4 1.5 37.36 0 31.7 69.06 | 0.5410 0 0.4590 | 0.4174 | 12.9607 | 0.9818
5 2 15.24 23.79 29.58 | 68.61 | 0.2221 0 0.4311 |0.4174| 6.6573 | 1.6499
6 3 22.64 2041 25.9 68.95 | 0.3284 | 0296 0.3756 |0.4174 | 4.1123 | 2.9795
; 4 25.27 18.37 2475 | 68.39 | 0.3695 0.269 0.3619 | 0.4174 | 3.1265 | 3.3087
8 5 28.29 20.98 19.09 | 68.36 | 0.4138 0.307 0.2793 | 04174 | 2.0642 | 5.2885
9 10 29.53 23.49 16.1 69.12 | 0.4272 0 0.2329 [0.4174 | 1.7435 | 6.3985
10 15 30.61 0 37.66 | 68.27 | 0.4484 0 0.5516 |0.4174| 12370 | 13.2159

9¢
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Appendix B Experimental Data of Detergency Experiment
1. %Detergency (%D)

The detergency performance can be determined by %Detergencys; it is

calculated from the following equation:

% Detergency = [(A-B)/ (Co-Bo)] x100

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. %O0il Removal

The oil removal is calculated from the calibration curve for colored motor

oil.

0.9
0.8

0.7
0.6
0.5

0.4

Absorbance

y=0.181x - 0.0726
R’ =0.9949

0.3
0.2
0.1

0 1 2 3 4 5 6
Motor oil concentration (g/ml)

Figure B-1 Relationship between colored motor oil concentration and the

absorbance measured at 520 nm.
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Table B-1 Relationship between colored motor oil concentration and the absorbance

measured at 520 nm

Motor oil concentration Absorbance
(g/ml)

1 0.128
1.5 0.189

2 0.275
25 0.384

3 0.45

4 0.68

5 0.824




3. Experiment data of detergency performance

Table B-2 Total oil removal at the different Tergitol concentration as a function of

salinity, ( a) 0.1% wt Alfotera and 3% wt Tergitol, (b) 0.1% wt Alfotera and 5% wt

Tergitol, (c) 0.1% wt Alfotera and 8% wt Tergitol.

a b c
2 46.41 1 43.48 2 52.740
4 63.94 2 57.38 4 67.325
5 70.25 4 65.46 5 71.325
10 73.29 S 71.81 10 77.911
15 1525 6 72.82 15 76.876
12 76.11 20 74.712
15 77.25
20 71.70
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Table B-3 Total oil removal as a function of salinity using the selected formulation,

0.1% wt Alfotera and 5% wt Tergitol, at 0.1% active surfactant

%NaCl % total oil removal
1 43.48
2 57.38
4 65.46
5 71.81
6 72.82
12 76.11
15 77.25
20 71.70
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Table B-4 Total oil removal as a function of active concentration the selected
formulation , (a) 0.1% Alfotera and 5% Tergitol, at 5% salinity and (b) Commercial
liquid detergent

YoActive | % total oil removal | %Active | % total oil removal

0.1 76.873 0.1 27.99
0.2 76.269 0.2 30.26
0.3 82.973 0.3 41.71
0.4 82.973 0.4 59.13

0.5 81.881 0.5 63.99
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Table B-5 Total oil removal as a function of active concentration the selected

formulation, (a) 0.1% wt Alfotera and 5% wt Tergitol, at 5% salinity, (b) No

surfactant

a b
Tempirgture a % total oil removal Tempil:(a:ture i % total oil removal
20 59.416 20 6.263
30 82.973 30 6.690
40 83.712 40 13.810
50 82.423 50 12.556
60 77.089 60 16.437
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