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APPENDICES

APPENDIX A Experiment Data of Cloud Point Determination 
Table A1 C lo u d  P o in t o f  m ix e d  su rfa cta n ts at d iffe r e n t w e ig h t  ra tio  o f  M E S

1 %  o f  m ixed  s u r fa c ta n ts  o f  M E S  a n d  A E
A E R a tio (M E S :A E ) C lo u d  P o in t  (°C )

1 : 9 II
2 : 8 10
3 : 7 11
4 : 6 13

3 5 : 5 15
6 :4 15
7 : 3 16
8 :2 15
9 : 1 14
I : 9 8
2 : 8 9
3 : 7 13
4 : 6 18

5 5 : 5 19
6 :4 19
7 : 3 19
8 : 2 18
9 : 1 17
1 : 9 55
2 : 8 54
3 : 7 55
4 : 6 58

7 5 : 5 59
6 :4 59
7 :3 60
8 :2 59
9 : 1 57
1 :9 72
2 : 8 70
3 : 7 73
4 : 6 75

9 5 : 5 77
6 : 4 77
7 : 3 78
8 : 2 77
9 : 1 76



APPENDIX B Experiment Data of CMC Determination

Table B1 S u rfa ce  te n s io n  o f  m ix e d  su rfa cta n ts  M E S : A E 7  (2 :8 )

MES+AE7 (2:!*)Conc(%) Conc(pmol/l) IFT(mN/m)
0.0001 2 .1 3 4 0 5 8 .3
0 .0 0 0 2 4 .2 6 8 5 7 .0
0 .0 0 0 4 8 .5 3 6 53.1
0 .0 0 0 6 1 2 .8 0 4 4 7 .2
0 .0 0 0 8 1 7 .0 7 2 44 .1
0.001 2 1 .3 4 4 1 .2
0 .0 0 2 4 2 .6 8 3 7 .8
0 .0 0 4 8 5 .3 6 3 4 .4
0 .0 0 6 1 2 8 .0 4 3 3 .3
0 .0 0 8 1 7 0 .7 2 3 2 .8
0.01 2 1 3 .4 3 2 .7
0 .0 2 4 2 6 .8 3 2 .7
0 .0 4 8 5 3 .6 3 2 .6
0 .0 6 1 2 8 0 .4 3 2 .4
0 .0 8 1 7 0 7 .2 3 2 .2
0.1 2 1 3 4 3 2 .2
0 .2 4 2 6 8 3 2 .2
0 .4 8 5 3 6 3 1 .8
0 .6 1 2 8 0 4 3 1 .6
0 .8 1 7 0 7 2 3 1 .5

1 2 1 3 4 0 3 1 .3



Table B2 Surface tension of mixed surfactants MES: AE7 (3:7)

MES+AE7 (3:7)
Conc(%) Conc(nmol/l) IFT(mN/m)
0.0001 2 .1 9 3 9 5 0 .8
0 .0 0 0 2 4 .3 8 7 7 5 0 .6
0 .0 0 0 4 8 .7 7 5 5 4 9 .0
0 .0 0 0 6 1 3 .1 6 3 49 .1
0 .0 0 0 8 17 .551 43 .1
0.001 2 1 .9 3 9 4 1 .7
0 .0 0 2 4 3 .8 7 7 3 6 .4
0 .0 0 4 8 7 ..7 5 5 3 5 .0
0 .0 0 6 1 3 1 .6 3 34 .1
0 .0 0 8 175.51 3 4 .4
0 .01 2 1 9 .3 9 3 4 .0
0 .0 2 4 3 8 .7 7 3 4 .3
0 .0 4 8 7 7 .5 5 3 4 .5
0 .0 6 1 3 1 6 .3 3 4 .5
0 .0 8 1755 .1 3 4 .4
0.1 2 1 9 3 .9 3 4 .5
0 .2 4 3 8 7 .7 34 .1
0 .4 8 7 7 5 .5 3 3 .3
0 .6 1 3 163 3 3 .0
0 .8 17551 3 2 .9

1 2 1 9 3 9 3 2 .7



Table B3 Surface tension of mixed surfactants MES: AE7 (4:6)

MES+AE7 (4:6) !
Conc(%) ConcOtmol/1) IFT(mN/m)
0.0001 2 .2 5 3 7 5 5 .5
0 .0 0 0 2 4 .5 0 7 5 5 0 .2
0 .0 0 0 4 9 .0 1 4 9 50.1
0 .0 0 0 6 1 3 .5 2 2 5 0 .0
0 .0 0 0 8 1 8 .03 4 7 .5
0.001 2 2 .5 3 7 4 2 .2
0 .0 0 2 4 5 .0 7 5 3 7 .7
0 .0 0 4 9 0 .1 4 9 3 6 .1
0 .0 0 6 1 3 5 .2 2 3 4 .9
0 .0 0 8 1 8 0 .3 3 4 .9
0 .01 2 2 5 .3 7 3 5 .1
0 .0 2 4 5 0 .7 5 3 5 .4
0 .0 4 9 0 1 .4 9 3 5 .3
0 .0 6 1 3 5 2 .2 3 5 .2
0 .0 8 1803 3 4 .6
0.1 2 2 5 3 .7 3 5 .1
0 .2 4 5 0 7 .5 3 4 .5  .

0 .4 9 0 1 4 .9 3 3 .6
0 .6 1 3 5 2 2 3 3 .6
0 .8 1 8 0 3 0 3 3 .4
1 2 2 5 3 7 3 3 .1



Table B4 Surface tension of mixed surfactants MES: AE7 (5:5)

MES+AE7 (5:5)
Conc(%) Conc(fiinol/l) IFT(mN/m)

0 . 0 0 0 1 2 .313 6 62.1
0 . 0 0 0 2 4 .6 2 7 2 55.8

! 0 .000 4 9 .254 4 50.9
0 .000 6 13.882 46.3
0 .0008 18.509 45.5
0 . 0 0 1 23 .1 3 6 43 .2
0 . 0 0 2 46 .27 2 37.5

: 0 .004 92 .54 4 36.1
0 .0 0 6 138.82 34 .7
0 .008 185.09 34 .9

0 . 0 1 23 1 .3 6 34 .9
0 . 0 2 46 2 .7 2 35.3
0 .04 92 5 .4 4 35 .9
0 .06 1388.2 36 .0
0 .08 1850.9 35 .8

0 . 1 23 1 3 .6 35 .8
0 . 2 46 27 .2 35.3
0.4 92 5 4 .4 34.5
0 . 6 13882 34.5
0 . 8 18509 34 .0

1 2 3 1 3 6 34 .0



Table B5 Surface tension of mixed surfactants MES: AE7 (6:4)

MES+AE7 (6:4)
Conc(%) Conc(nmol/l) IFT(mN/m)

0 . 0 0 0 1 2 .3735 65.8
0 . 0 0 0 2 4 .7 4 6 9 60.5
0 .000 4 9 .4 9 3 9 54 .0
0 .000 6 14.241 50.5
0 .000 8 18.988 43 .8
0 . 0 0 1 2 3 .7 3 5 42 .6
0 . 0 0 2 4 7 .4 6 9 36.1
0 .004 9 4 .9 3 9 35 .8
0 .0 0 6 142.41- 35 .0
0 .008 189.88 36 .2
0 . 0 1 237 .35 36 .0
0 . 0 2 4 7 4 .6 9 37 .0
0 .04 949.39' 37 .0
0 .06 1424.1 37.1
0 .08 1898,8 37 .0

0 . 1 23 73 .5 36 .9
0 . 2 4 7 4 6 .9 35 .9
0.4 94 9 3 .9 35 .0
0 . 6 14241 34.5
0 . 8 18988 34.5

1 23735 34.5



Table B6 Surface tension of mixed surfactants MES: AE7 (7:3)

MES+AE7 (7 ะ3)
Conc(%) Conc(fimoI/l) IFT(mN/m)

0 . 0 0 0 1 2 .433 60 .3
0 . 0 0 0 2 4 .8 6 6 7 55.3
0 .0 0 0 4 9 .7 3 3 4 4 9 .0
0 .0 0 0 6 14.6 46 .3
0 .0 0 0 8 19.467 4 4 .9

0 . 0 0 1 24 .333 39 .6
0 . 0 0 2 4 8 .6 6 7 36 .5
0 .0 0 4 9 7 .3 3 4 36 .3
0 .0 0 6 146 36 .0
0 .008 194.67 3 6 .0
0 . 0 1 24 3 .3 3 36 .3
0 . 0 2 4 8 6 .6 7 36 .9
0 .04 9 7 3 .3 4 37 .6
0 .06 1460 3 7 .6
0 .08 1946.7 3 6 .9

0 . 1 2433 .3 3 7 .0
0 . 2 48 6 6 .7 36 .3
0 .4 9 7 3 3 .4 35 .3
0 . 6 14600 34 .9
0 . 8 19467 3 4 .7

1 2 4 33 3 34.5



Table B7 Surface tension of mixed surfactants MES: AE7 (8:2)

MES+AE7 (8:2)
Conc(%) Conc(|imol/l) IFT(mN/m)

0 .0 0 0 1 2 .4 9 3 2 6 2 .1
0 .0 0 0 2 4 .9 8 6 4 5 7 .6
0 .0 0 0 4 9 .9 7 2 8 5 3 .6
0 .0 0 0 6 1 4 .9 5 9 4 8 .3
0 .0 0 0 8 1 9 .9 4 6 4 5 .0
0.001 2 4 .9 3 2 4 4 .2
0 .0 0 2 4 9 .8 6 4 3 7 .7
0 .0 0 4 9 9 .7 2 8 3 6 .7
0 .0 0 6 1 4 9 .5 9 3 6 .5

i 0 .0 0 8 1 9 9 .4 6 3 6 .4
0.01 2 4 9 .3 2 3 6 .7
0 .0 2 4 9 8 .6 4 3 6 .3
0 .0 4 9 9 7 .2 8 3 6 .5
0 .0 6 1 4 9 5 .9 3 6 .3
0 .0 8 1 9 9 4 .6 3 6 .2
0.1 2 4 9 3 .2 3 6 .6
0 .2 4 9 8 6 .4 36 .1
0 .4 9 9 7 2 .8 3 5 .8
0 .6 1 4 9 5 9 3 5 .5
0 .8 1 9 9 4 6 3 5 .0
1 2 4 9 3 2 3 5 .0



Table B8 Surface tension of mixed surfactants MES: AE7 (9:1)

MES+AE7 (9: )Conc(%) Conc(fimol/l) IFT(mN/m)
0.0001 2.5531 68.5
0.0002 5.1062 64.1
0.0004 10.212 58.0
0.0006 15.318 54.9
0.0008 20.425 50.9
0.001 25.531 48.5
0.002 51.062 40.5
0.004 102.12 38.1
0.006 153.18 37.1
0.008 204.25 37.2
0.01 255.31 37.0
0.04 1021.2 37.7
0.08 2042.5 37.6
0.1 2553.1 37.4
0.4 10212 37.0
0.8 20425 36.2
1 25531 35.9



Table B9 Surface tension of mixed surfactants MES: AE9 (2:8)

MES+AE9 (2:!*)Conc(%) Conc(fimol/l) IFT(mN/m)
0 . 0 0 0 1 1.9058 61 .5
0 . 0 0 0 2 3 .8 1 1 7 60 .5
0 .0 0 0 4 7 .6233 54 .0
0 .0 0 0 6 11.435 49 .3
0 .0 0 0 8 15.247 47 .4

0 . 0 0 1 19.058 46 .3
0 . 0 0 2 38 .11 7 41 .2
0 .004 76 .233 37 .5
0 .0 0 6 114.35 37 .5
0 .0 0 8 . 152.47 37 .5

0 . 0 1 190.58 3 6 .6
0 . 0 2 38 1 .1 7 37 .8
0 .04 762 .33 37 .6
0 .06 1143.5 37 .9
0.08 1524.7 37 .9
0 . 1 1905.8 3 7 .9
0 . 2 38 11 .7 37 .5
0.4 7623 .3 37 .2
0 . 6 11435 36.3
0 . 8 15247 36 .2

1 19058 3 5 .9



Table BIO Surface tension of mixed surfactants MES: AE9 (3:7)

MES+AE9 (3:7)
Conc(%) Conc(nmol/l) IFT(mN/m)

0 . 0 0 0 1 1.9942 56.3
0 . 0 0 0 2 3 .988 4 57.4
0 .0004 7 .976 9 49 .5
0 .000 6 11.965 48 .5
0 .0008 15.954 46 .8
0 . 0 0 1 19.942 45 .8
0 . 0 0 2 39 .8 8 4 40.1
0 .004 79 .7 6 9 37 .9
0 .006 119.65 37 .4
0 .008 159.54 37 .4
0 . 0 1 199.42 . 37 .6
0 . 0 2 39 8 .4 37 .4
0.04 79 7 .6 9 37 .5
0.06 1196.5 3 7 .0
0.08 1595.4 37.1
0 . 1 1994.2 37 .0
0 . 2 39 8 8 .4 36 .8
0.4 79 7 6 .9 36 .2
0 . 6 11965 36 .0
0 .8 15954 35 .7

1 19942 3 5 .6



Table B ll Surface tension of mixed surfactants MES: AE9 (4:6)

MES+AE9 (4:6)
Conc(%) Conc(nmol/l) IFT(mN/m)

0 . 0 0 0 1 2 .082 6 61.5
0 . 0 0 0 2 4 .1652 60.5
0 .0004 8 .3304 49 .6
0 .000 6 12.496 48 .4
0 .0008 16.661 47 .4
0 . 0 0 1 20 .82 6 46.3
0 . 0 0 2 41 .652 41 .2
0 .004 83 .304 37 .5
0 .006 124.96 37 .5
0 .008 166.61 37.5
0 . 0 1 20 8 .2 6 37 .6
0 . 0 2 416 .52 37 .8
0.04 833 .04 37 .6
0 .06 1249.6 37 .9
0.08 1666.1 37 .9

0 . 1 2082 .6 37 .9
0 . 2 4165 .2 36.5
0.4 8330 .4 36 .2
0 . 6 12496 36.3
0 . 8 16661 36.2

1 20826 35 .9



Table B12 Surface tension of mixed surfactants MES: AE9 (5:5)

MES+AE9 (5:5)
Conc(%) Conc(nmol/l) IFT(mN/m)
0.0001 2.171 68.3
0 . 0 0 0 2 4 .3 4 2 61 .0
0 .0 0 0 4 8 .684 55 .0
0 .0 0 0 6 13.026 52 .2
0 .000 8 17.368 49 .4
0.001 21.71 46 .2
0 . 0 0 2 43 .4 2 42 .7
0 .004 86 .84 37 .6
0 .0 0 6 130.26 37 .3
0 .0 0 8 173.68 37 .4

0 . 0 1 217.1 36 .9
0 . 0 2 43 4 .2 37 .7
0 .04 868 .4 38 .8
0 .Q6 1302.6 38 .8
0.08. 1736.8 38 .6
o:i 2171 38.3
0 . 2 43 42 38.3
0.4 8684 38 .0
0 . 6 13026 37 .0
0 . 8 17368 36 .6
1 2 1 7 1 0 36.3



Table B13 Surface tension of mixed surfactants MES: AE9 (6:4)

MES+AE9 (6:4)
Conc(%) Conc(nmoI/l) IFT(mN/m)

0 . 0 0 0 1 2 .2 5 9 4 63 .0
0 . 0 0 0 2 4 .518 8 59.5
0 .000 4 9 .0 3 7 6 55 .0
0 .0 0 0 6 13.556 4 9 .0
0 .000 8 18.075 47 .7
0 . 0 0 1 22 .5 9 4 46 .5
0 . 0 0 2 45 .1 8 8 38 .6
0 .004 90 .3 7 6 '37.9
0 .006 135.56 37 .4
0 .008 180.075 37 .8

0 . 0 1 2 2 5 .9 4 38 .3
0 . 0 2 4 5 1 .8 8 38 .4
0 .04 9 0 3 .7 6 38 .6
0 .06 1355.6 38 .8
0 .08 1807.5 38 .6
0 . 1 22 59 .4 38 .8
0 . 2 45 18 .8 38 .0
0.4 90 3 7 .6 3,7.3
0 . 6 13556 37.1
0 . 8 18075 36 .4

1 22 59 4 36.1



Table B14 Surface tension of mixed surfactants MES: AE9 (7:3)

MES+AE9 (7:3)
Conc(%) Conc(|tmol/l) IFT(mN/m)

0 . 0 0 0 1 2 .3 4 7 8 55 .6
0 . 0 0 0 2 4 .6 9 5 6 55 .4
0 .0004 9.3911 55 .0
0 .0006 14.087 52 .4
0 .0008 18.782 50.1
0 . 0 0 1 23 .4 7 8 4 8 .7
0 . 0 0 2 4 6 .9 5 6 39.3
0 .004 93 .911 3 8 .9
0 .006 140.87 3 8 .6
0 .008 187.82 38.3

0 . 0 1 23 4 .7 8 38 .6
0 . 0 2 4 6 9 .5 6 39 .4
0.04 939.11 39 .2
0 .06 1408.7 39.1
0.08 1878.2 3 8 .9
0 . 1 23 47 .8 38 .7
0 . 2 46 9 5 .6 38.1
0.4 9391.1 37.1
0 . 6 14087 36 .7
0 . 8 18782 36 .7

1 2 3 47 8 36.5



Table B15 Surface tension of mixed surfactants MES: AE9 (8:2)

MES+AE9 (8:2)
Conc(%) Conc(jimol/l) IFT(mN/m)

0 . 0 0 0 1 2 .436 2 59.2
0 . 0 0 0 2 4 .8723 55.5
0 .0 0 0 4 9 .7 4 4 7 51.1
0 .0 0 0 6 14.617 46 .8
0 .000 8 19.489 4 5 .8

0 . 0 0 1 24 .362 44.1 !
0 . 0 0 2 48 .723 40 .7
0 .004 97 .44 7 38 .3
0 .006 146.17 38.3
0 .008 194.89 38 .4

0 . 0 1 24 3 .6 2 3 8 .9
0 . 0 2 487 .23 38 .9
0.04 97 4 .4 7 39.1
0 .06 1461.7 39.1 i
0 .08 1948 .9 38 .9

0 . 1 24 36 .2 38 .9
0 . 2 4872 .3 38.1
0.4 97 44 .7 36 .9
0 . 6 14617 36.3
0 . 8 19489 36 .0

1 24362 35 .9



Table B16 Surface tension of mixed surfactants MES: AE9 (9:1)

MES+AE9 (9: l)
Conc(%) Conc(nmol/l) IFT(mN/m)

0 . 0 0 0 1 2 .524 6 66.3
0 . 0 0 0 2 5.0491 63 .9
0 .0004 10.098 56 .7
0 .000 6 15.147 52.3
0 .0008 20 .19 6 51 .9

0 . 0 0 1 25 .246 49.1
0 . 0 0 2 50.491 45 .2
0 .004 100.98 38 .2
0 .006 151.47 38 .6
0 .008 201 .96 38 .5
0 . 0 1 525.46 38 .6
0.04 1009.8 39.5
0.08 2019 .6 38 .9

0 . 1 25 24 .6 38 .4
0.4 10098 37.4
0 . 8 20196 36 .6

1 25246 36.5
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CMC of MES:AE"(2:8)
70.0

LogM ES AE7 Equilibrium Concentration (nmol/1)

Figure B1 S u r fa c e  te n s io n  v s . L o g  e q u ilib r iu m  c o n c e n tr a tio n  o f  M E S : A E 7  in  th e  
ratio  o f  2 :8 .

C M C  0 f M E S : A E “ ( 3 : ~ )
60.0 

I  50.0
.รู. 40.0
1 30.0 
«  20.0

1 100
\ 0.0 ........... -■  ~  ....... ....................................

1 10 100 1000 10000 100000 
LogM ES.A E? Equilibrium Concentration (iimol/l)

Figure B2 Surface tension vs. Log equilibrium concentration of MES: AE7 in the
ratio of 3:7.
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CMC of MES: AE ”(4:6)

L ogM E S AE7 Equilibrium C oncentration 0แท ol/T)

F ig u r e  B 3  S u r fa ce  te n s io n  v s . L o g  e q u ilib r iu m  c o n c e n tr a t io n  o f  M E S : A E 7  in th e  
ratio  o f  4 :6 .

CMC of M ES:AE’ (5:5)
70 0

Figure B4 Surface tension vs. Log equilibrium concentration of MES: AE7 in the
ratio of 5:5.
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C M C  o f  M E S : A E " ( 6 :-I)

F ig u r e  B 5  S u r fa ce  te n s io n  v s . L o g  e q u ilib r iu m  c o n c e n tr a tio n  o f  M E S : A E 7  in  the  
ratio  o f  6 :4 .

C M C  o f  M E S : A E ~ r : 3 )
' 70.0

Figure B6 Surface tension vs. Log equilibrium concentration of MES: AE7 in the
ratio of 7:3.
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CMC of MES:AE"(8:2)
70 0

LogMES:AE7 Equilibrium Concentration^!»ol/I)

F ig u r e  B 7  S u r fa c e  te n s io n  v s . L o g  e q u ilib r iu m  c o n c e n tr a t io n  o f  M E S : A E 7  in  the  
ratio  o f  8 :2 .

CMC of MES:AE~f9:l)

Figure B8 Surface tension vs. Log equilibrium concentration of MES: AE7 in the
ratio of 9:1.
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C M C  o f  M E S : A E 9 ( 2 : 8 )
70.0

LogMES:AE9 Equilibrium Concenlration(pmoî/T)

F ig u r e  B 9  S u rfa ce  te n s io n  v s . L o g  e q u ilib r iu m  c o n c e n tr a tio n  o f  M E S : A E 9  in  th e  
ratio  o f  2 :8 .

CMC of MES:AE9(3:~)
70.0

Figure BIO Surface tension vs. Log equilibrium concentration of MES: AE9 in the
ratio of 3:7.
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C M C  o f  M E S : A E 9 ( 4 : 6 >
70.0 f—

LogMES AE9 Equilibrium Concentration(pmol/I)

F ig u r e  B l l  S u r fa ce  te n s io n  v s . L o g  eq u ilib r iu m  c o n c e n tr a tio n  o f  M E S : A E 9  in  th e  
ratio  o f  4 :6 .

C M C  o f  M E S : A E 9 ( 5 : 5 )

Figure B12 Surface tension vs. Log equilibrium concentration of MES: AE9 in the
ratio of 5:5.
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C M C  o f  M E S ะ A E 9 ( 6 ะ 4 )
70.0

I LogMES:AE9 Equilibrium Concentraùon(^m ol/l)

F ig u r e  B 1 3  S u r fa c e  te n s io n  v s . L o g  eq u ilib r iu m  c o n c e n tr a tio n  o f  M E S : A E 9  in  th e  
ratio  o f  6 :4 .
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Figure B14 Surface tension vs. Log equilibrium concentration of MES: AE9 in the
ratio of 7:3.
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CMC of MES:AE9(8:2>
70.0

F ig u r e  B 1 5  S u r fa c e  te n s io n  v s . L o g  eq u ilib r iu m  c o n c e n tr a tio n  o f  M E S : A E 9  in  th e  
ratio  o f  8 :2 .

CMC of MES:AE9(9:1)

Figure B16 Surface tension vs. Log equilibrium concentration of MES: AE9 in the
ratio of 9:1.
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APPENDIX c Experiment data of detergency performance

T a b le  C l  O ily  so i l r e m o v a l (% ) o f  m ix e d  su rfa cta n t o f  1 :9 o f  M E S : A E 7  at d iffe r e n t  
c o n c e n tr a t io n  o n  c o tto n  fab ric

S u rfactan t
co n ce n tr a tio n

(% w /v )

S a m p le
N o .

E x tra cted  s o il  
b e fo r e  w a s h in g  

(p p m )

R e s id u a l s o i l  
after  w a s h in g  

(p p m )

S o il r e m o v a l  
(% )

A v e r a g e  
s o i l  r em o v a l  

(% )

0 . 0 2

1 1 9 0 .4 2 0 5 9 .7 7 1 6 8 .6 1 1
6 9 .4 3 42 1 9 0 .4 2 0 5 6 .7 8 2 7 0 .1 8 1

3 1 9 0 .4 2 0 5 8 .0 5 6 6 9 .5 1 2

0 .0 5
1 1 9 0 .4 2 0 5 6 .6 1 6 7 0 .2 6 8

7 0 .3 3 32 1 9 0 .4 2 0 5 6 .4 5 7 7 0 .3 5 1
3 1 9 0 .4 2 0 5 6 .4 0 4 7 0 .3 7 9

0 . 1

1 1 9 0 .4 2 0 5 5 .1 7 7 7 1 .0 2 4
7 0 .7 1 62 1 9 0 .4 2 0 5 5 .3 5 2 7 0 .9 3 2

3 1 9 0 .4 2 0 5 6 .7 6 0 7 0 .1 9 2

0 . 2

1 1 9 0 .4 2 0 5 5 .1 4 4 7 1 .0 4 1
7 0 .7 1 82 1 9 0 .4 2 0 5 4 .9 7 0 7 1 .1 3 2

3 1 9 0 .4 2 0 5 4 .5 3 2 7 1 .3 6 2

0 .3
1 1 9 0 .4 2 0 5 2 .9 7 3 7 2 .1 8 1

7 2 .4 5 82 1 9 0 .4 2 0 5 2 .9 9 8 7 2 .1 6 8
3 1 9 0 .4 2 0 5 1 .3 6 5 7 3 .0 2 5

0 .5
1 1 9 0 .4 2 0 5 2 .3 1 2 7 2 .5 2 8 7 2 .4 9 3
2 1 9 0 .4 2 0 5 2 .4 5 8 7 2 .4 5 8
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Table C2 Oily soil removal (%) of mixed surfactant of 1:9 of MES: AE7 at different
concentration on polyester fabric

S u rfa cta n t
c o n c e n tr a tio n

(% w /v )

S a m p le
N o .

E x tra cted  so il  
b e fo r e  w a sh in g  

(p p m )

R e s id u a l so il  
after  w a s h in g  

(p p m )

S o i l  r em o v a l
(% )

A v e r a g e  
s o il  rem o v a l

(% )

0 . 0 2

1 1 5 5 .8 4 6 8 .3 0 3 5 6 .1 7 1
5 6 .6 3 02 1 5 5 .8 4 6 6 .4 0 7 5 7 .3 8 8

3 1 5 5 .8 4 6 8 .0 5 6 5 6 .3 3 0

0 .0 5
1 1 5 5 .8 4 6 5 .8 8 5 5 7 .7 2 3

5 7 .7 3 92 1 5 5 .8 4 6 6 . 2 2 1 5 7 .5 0 7
3 1 5 5 .8 4 6 5 .4 7 1 5 7 .9 8 8

0 . 1

1 1 5 5 .8 4 6 3 .7 9 0 5 9 .0 6 7
5 9 .1 8 02 1 5 5 .8 4 6 3 .2 2 1 5 9 .4 3 2

3 1 5 5 .8 4 6 3 .8 2 9 5 9 .0 4 2

0 . 2

1 1 5 5 .8 4 6 0 .5 1 3 6 1 .1 7 0
6 1 .5 8 02 1 5 5 .8 4 5 8 .2 7 9 6 2 .6 0 3

3 1 5 5 .8 4 6 0 .8 2 9 6 0 .9 6 7

0 .3
1 1 5 5 .8 4 5 2 .8 9 9 6 6 .0 6 5

6 4 .6 6 82 1 5 5 .8 4 5 6 .3 1 7 6 3 .8 6 2
3 1 5 5 .8 4 5 5 .9 7 0 6 4 .0 8 5
1 1 5 5 .8 4 5 6 .2 4 9 6 3 .9 0 6

0 .5 2 1 5 5 .8 4 5 6 .4 1 1 6 3 .8 0 2 6 4 .3 5 7
3 1 5 5 .8 4 5 3 .9 7 8 6 5 .3 6 3
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Table C3 Particulate soil removal (%) of mixed surfactant of 1:9 of MES: AE7 at
different concentration on cotton fabric

S u rfa cta n t
c o n c e n tr a tio n

(% w /v )

S a m p le
N o .

C o n cen tra tio n  
o f  s o i l  b e fo r e  

w a s h in g  (p p m )

R e s id u a l s o il  
after w a s h in g  

(p p m )

S o il r e m o v a l
(% )

A v e r a g e  
s o il r e m o v a l

(% )

0 . 0 2

1 8 4 .01 7 5 .1 0 0 1 0 .6 0 6
3 7 .9 4 42 8 4 .01 4 8 .5 0 0 4 8 .2 2 0

3 8 4 .01 3 7 .8 0 0 5 5 .0 0 5

0 .0 5
1 8 4 .0 1 4 2 .6 0 0 4 9 .2 9 2

4 0 .5 6 32 8 4 .0 1 5 0 .9 0 0 3 9 .4 1 2
3 8 4 .0 1 5 6 .3 0 0 3 2 .9 8 4

0 . 1

1 . ’ 84 .0 1 4 7 .4 0 0 4 3 .5 7 8
4 6 .6 7 32 84 .0 1 4 1 .3 0 0 5 0 .8 3 9

3 84 .0 1 4 5 .7 0 0 4 5 .6 0 2

0 . 2

1 84 .0 1 3 5 .4 0 0 5 7 .8 6 2
5 1 .5 1 42 8 4 .0 1 3 8 .1 0 0 5 4 .6 4 8

3 8 4 .0 1 4 8 .0 3 1 4 2 .0 3 1

0 .3
1 84 .0 1 4 0 .9 0 0 5 1 .3 1 5 5 6 .4 9 3

2 84 .0 1 3 2 .2 0 0 6 1 .6 7 1
1 84 .0 1 3 7 .1 0 0 5 5 .8 3 9

0 .5 2 84 .0 1 3 5 .8 0 0 5 7 .3 8 6 5 5 .6 8 0
3 84 .0 1 3 8 .8 0 0 5 3 .8 1 5



76

Table C4 Particulate soil removal (%) of mixed surfactant of 1:9 of MES: AE7 at
different concentration on polyester fabric

S u rfactan t
c o n cen tra tio n

(% w /v )

S a m p le
N o

C o n cen tra tio n  
o f  s o i l  b e fo r e  

w a sh in g  (p p m )

R e s id u a l s o i l  
after  w a s h in g  

(p p m )

S o i l  r em o v a l  
(% )

A v e r a g e  
s o il  r em o v a l

(% )

0 . 0 2

1 84 .01 5 2 .4 0 0 2 0 .6 2 7
2 0 .2 2 32 84 .0 1 5 4 .7 0 0 1 7 .1 4 3

3 8 4 .0 1 5 0 .9 0 0 . 2 2 .8 9 9

0 .0 5
1 84 .0 1 4 8 .9 0 0 2 5 .9 2 8

2 4 .9 1 82 84 .0 1 5 0 .5 0 0 2 3 .5 0 5
3 84 .01 4 9 .3 0 0 . 2 5 .3 2 2

0 . 1

1 84 .01 4 7 .9 0 .0 2 7 .4 4 3
2 7 .1 4 02 84 .0 1 4 8 .1 0 0 2 7 .1 4 0

3 84 .01 4 8 .3 0 0 2 6 .8 3 7

0 . 2

1 8 4 .01 4 2 .2 0 0 3 6 .0 7 7
3 3 .5 0 22 8 4 .01 4 5 .3 0 0 3 1 .3 8 1

3 8 4 .01 4 4 .2 0 0 3 3 .0 4 8

0 .3
1 8 4 .01 4 2 .7 0 0 3 5 .3 2 0

3 8 .8 5 42 8 4 .01 4 0 .3 0 0 3 8 .9 5 5
3 8 4 .01 3 8 .1 0 0 4 2 .2 8 8
1 8 4 .01 4 0 .5 0 0 3 8 .6 5 2

0 .5 2 8 4 .01 3 9 .4 0 0 4 0 .3 1 8 3 7 .8 9 5
3 8 4 .01 4 3 .1 0 0 3 4 .7 1 4



77

Table C5 Re-deposition of oily soil using the selected formulation (1:9 MES:AE7) 
on cotton and polyester fabric

Surfactant
concentration

(%w/v)

Re-deposition of oily 
soil on the cotton

(%)

Re-deposition of oily 
soil on the polyester 

(%)
0.02 10.235 22.795
0.05 10.001 21.350
0.1 7.693 20.187
0.2 7.949 19.969
0.3 6.567 17.454
0.5 5.527 16.365

Table C6 Re-deposition of particulate soil using the selected formulation (1:9 
MES:AE7) on cotton and polyester fabric

Surfactant
concentration

(%w/v)

Re-deposition of particulate 
soil on the cotton 

(%)

Re-deposition of particu­
late soil on the polyester 

(%)
0.02 6.071 8.028
0.05 4.404 5.908
0.1 3.690 5.756
0.2 2.857 4.696
0.3 1.428 2.272
0.5 1.071 1.212
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