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APPENDICES

APPENDIX A Experiment Data of Cloud Point Determination

Table AL cloud Point of mixed surfactants at different weight ratio of MES

1% of mixed surfactants of MES and AE
AE Ratio(MES:AE) Cloud Point (°C)
1:9 Il
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8
9
3
18
19
19
19
18
7
55
54
55
58
59
59
60
59
57
7
10
73
7
7
7
8
7
16

™~ o B 1o~ oo

DO W B (5 o g 0 © s N o B o - o o s

O 0O N o Ol B~ W N P O oo o Ol BW N s © 00~ oo ol BEW D — O o~ oY o1 BN

—_ N w B~ o1 o —~ o © .



APPENDIX B Experiment Data of CMC Determination

Table BL surface tension of mixed surfactants MES: AE7 (2:8)

vy Sl Ty
T

21340 58.3
0.0002 1268 57.0
0.0004 8.536 53.1
0.0006 12,804 472
0.0008 17072 4.1
000L 21.34 4.2
0.002 12,68 378
0.004 85.36 34.4
0.006 128,04 333
0.008 170.72 328
0.01 2134 327
0.02 426.8 327
0.04 853.6 326
0.06 12804 324
0.08 1707.2 32.2
0.1 2134 32.2
0.2 1268 32.2
0.4 8536 318
0.6 12804 316
0.8 17072 315

1 21340 313



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

s ial o

2.1939 50.8

0.0002 438717 50.6
0.0004 8.7755 49.0
0.0006 13.163 49.1
0.0008 17.551 43.1
21.939 41.7

0.002 43 877 36.4
0.004 87..755 35.0
0.006 131.63 34.1
0.008 175.51 344
0.01 219.39 34.0

0.02 438.77 34.3

0.04 877.55 34.5

0.06 1316.3 34.5
0.08 1755.1 34.4
0.1 B 34.5

0.2 43871.7 34.1

0.4 8775.5 33.3

0.6 13163 33.0

0.8 17551 32.9

1 21939 32.7



Table B3 Surface tension of mixed surfactants MES: AET7 (4:6)

DJEEShAEE7f413 !
CI{}{%?) ConoCtrrol/]) )H:T(n1\Vnﬂ
0 22537 5.5
0.0002 45075 50.2
0.0004 9.0149 50.1
0.0006 1352 50.0
0.0008 18.03 475
0001 22537 422
0.002 45.075 377
0.004 90.149 36.1
0.006 135.22 3.9
0.008 1803 3.9
0.01 22537 351
0.02 450.75 35.4
0.04 901,49 353
0.06 1352.2 35.2
0.08 1803 346
01 2253.7 351
0.2 45075 345
04 9014.9 33.6
0.6 13522 33.6
0.8 18030 33.4

1 22537 331



Table B4 Surface tension of mixed surfactants MES: AET7 (5:5)

VES+AE/ ﬁ5:5)
Cono®  Conoffiinol) “IFT{miNm)

0.0001 2.3136 62.1
0.0002 4.6272 55.8
10.0004 9.2544 50.9
0.0006 13.882 46.3
0.0008 18.509 45.5
0.001 23.136 432
0.002 46.272 37.5
0.004 92.544 36.1
0.006 138.82 347
0.008 185.09 34.9
0.01 231.36 34.9
0.02 462.72 35.3
0.04 925.44 35.9
0.06 1388.2 36.0
0.08 1850.9 35.8
0.1 2313.6 35.8
0.2 4627.2 35.3
0.4 9254 4 34.5
0.6 13882 34.5
0.8 18509 34.0

1 23136 34.0



Table B5 Surface tension of mixed surfactants MES: AET7 (6:4)

VESHAET 66:4)
Con%9 Conc{nmoll) “IFT{miim)

0.0001 2.3735 65.8
0.0002 47469 605
0.0004 9.4939 54.0
0.0006 14.241 50.5
0.0008 18.988 43.8
0.001 23.735 42.6
0.002 47.469 36.1
0.004 94.939 35.8
0.006 142.41- 35.0
0.008 189.88 36.2
0.01 231.35 36.0
0.02 47469 37.0
0.04 949.39' 37.0
0.06 1424.1 3r1
0.08 1898,8 37.0
0.1 235 36.9
0.2 4746.9 35.9
0.4 9493.9 35.0
0.6 14241 34.5
0.8 18988 34.5

! 23735 34.5



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

NESHAE] f)7 9
Qo4 Conoffimol) ~IFTrNm)

0.0001 2.433 60.3
0.0002 4.8667 55.3
0.0004 9.7334 49.0
0.0006 14.6 46.3
0.0008 19.467 44.9
0.001 24333 39.6
0.002 48.667 36.5
0.004 97.334 36.3
0.006 146 36.0
0.008 194.67 36.0
0.01 243.33 36.3
0.02 486.67 36.9
0.04 973.34 37.6
0.06 1460 31.6
0.08 1946.7 36.9
0.1 24333 31.0
0.2 4866.7 36.3
0.4 9733.4 35.3
0.6 14600 34.9
0.8 19467 34.7

L 24333 34.5



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

|VES+AH‘812
Cono%9  Congfjimol )l FT{mNm)
0.0001 2.4932 62.1
0.0002 49864 57.6
0.0004 9.9728 53.6
0.0006 14,959 183
0.0008 19.946 15.0
0001 24.932 442
0.002 49,864 377
0.004 99.728 36.7
0.006 149.59 365
I 0.008 199.46 36.4
0.01 249,32 36.7
0.02 498,64 36.3
0.04 997.28 36.5
0.06 1495.9 36.3
0.08 1994.6 36.2
01 24932 36.6
0.2 4986 4 3.1
04 99728 35.8
0.6 14959 355
0.8 19946 35.0

1 24932 35.0



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

G)%’l/d Cx)m%rigolﬂ IFrgréi\Vm

00002 51(132

00006 15318 54.9
00008 245 09
oL 25l 485
002  5L0R 45
0 1R 31
0006 1813 31
0008  UX 312
0L Zh3l 370
04 1012 3.
008 245 316
01 2031 3
04 1012 3
08 AL 3.

1 2563 (3



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

MESHAED gi*)
Coref%9 Corefinl)” IFT(m)

0.0001 1.9058 61.5
0.0002 3.8117 60.5
0.0004 1.6233 54.0
0.0006 11.435 49.3
0.0008 15.247 47.4
0.001 19.058 46.3
0.002 38.117 412
0.004 16.233 375
0.006 114.35 375
0.008. 152.47 375
0.01 190.58 36.6
0.02 381.17 37.8
0.04 162.33 37.6
0.06 11435 37.9
0.08 15247 37.9
0.1 1905.8 31.9
0.2 3811.7 37.5
0.4 16233 37.2
0.6 11435 36.3
0.8 15247 36.2

1 19058 35.9



Table BIO Surface tension of mixed surfactants MES: AE9 (3.7)

NESHAE 37
Qono®4 Conoall) T

0.0001 1.9942 56.3
0.0002 3.9884 57.4
0.0004 1.9769 49.5
0.0006 11.965 48.5
0.0008 15.954 46.8
0.001 19.942 45.8
0.002 39.884 40.1
0.004 19.769 37.9
0.006 119.65 374
0.008 159.54 37.4
0.01 199.42 . 37.6
0.02 398.4 374
0.04 197.69 37.5
0.06 1196.5 31.0
0.08 15954 3r.1
0.1 1994.2 37.0
0.2 3988.4 36.8
0.4 1976.9 36.2
0.6 11965 36.0
0.8 15954 35.7

1 19942 35.6



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

VESHAEY F4: 0
Cono®9  Conclnmol/l) “IFT{iNm)
0.0001 2.0826 61.5
0.0002 4.1652 60.5
0.0004 8.3304 49.6
0.0006 12.496 48.4
0.0008 16.661 47.4
0.001 20.826 46.3
0.002 41.652 41.2
0.004 §3.304 315
0.006 124,96 315
0.008 166.61 315
0.01 208.26 31.6
0.02 416.52 31.8
0.04 §33.04 31.6
0.06 1249.6 31.9
0.08 1666.1 31.9
0.1 2082.6 31.9
0.2 4165.2 36.5
0.4 §330.4 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)

s RIS

2171 68.3

4,342 61.0
0.0004 8.684 55.0
0.0006 13.026 52.2
0,0008 17.368 49.4
0001 2171 462
43.42 421
0.004 86.84 37.6
0.006 130.26 37.3
0.008 173.68 374
217.1 36.9
434.2 377
0.04 868.4 38.8
0 Qs 1302.6 38.8
0.08. 1736.8 38.6
Ol 2171 38.3
4342 38.3
0.4 8684 38.0
13026 37.0
17368 36.6

1 21710 36.3



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

VESHAE) ﬂ6:4)

Cono®  Cono{roll) “IFT{mNim)
0.0001 2.2594 63.0
0.0002 45188 59.5
0.0004 9.0376 55.0
0.0006 13.556 49.0
0.0008 18.075 411
0.001 22.594 46.5
0.002 45.188 38.6
0.004 90.376 31.9
0.006 135.56 314
0.008 180.075 31.8
0.01 225.94 38.3
0.02 451.88 38.4
0.04 903.76 38.6
0.06 1355.6 38.8
0.08 1807.5 38.6
0.1 2259.4 38.8
0.2 4518.8 38.0
0.4 9037.6 3,13
0.6 13556 37.1
0.8 18075 36.4

1 22594 36.1



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

VESHAR (7:3)
Cono®9  Conc(tmoll) “IFT{miim)
0.0001 2.3478 55.6
0.0002 4.6956 55.4
0.0004 9.3911 55.0
0.0006 14.087 52.4
0.0008 18.782 50.1
0.001 23.478 48.7
0.002 46,956 393
0.004 93.911 38.9
0.006 140.87 38.6
0.008 187.82 38.3
0.01 234,78 38.6
0.02 469.56 39.4
0.04 939.11 39.2
0.06 1408.7 39.1
0.08 1878.2 38.9
0. 2347.8 38.7
0.2 4695.6 38.1
0.4 9391.1 31.1
0. 14087 36.7
0.8 18782 36.7

1 23478 36.5



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

NESHAE) )
Qoo Concfimoll)” 1T
0.0001 2.4362 59.2
0.0002 4.8723 55.5
0.0004 9.7447 51.1
0.0006 14.617 46.8
0.0008 19.489 45.8
0.001 24.362 44.1 !
0.002 48,723 40.7
0.004 97.447 38.3
0.006 146.17 38.3
0.008 194.89 38.4
0.01 243.62 38.9
0.02 487.23 38.9
0.04 974.47 39.1
0.06 1461.7 39.1 i
0.08 1948.9 38.9
0.1 2436.2 38.9
0.2 4872.3 38.1
0.4 97447 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:
Conc(%) Conc(nmol/l) 1FT(mN/m)
2.5246 66.3
5.0491 63.9
0.0004 10.098 56.7
0.0006 15.147 52.3
0.0008 20.196 51.9
25.246 41
50.491 45.2
0.004 100.98 38.2
0.006 15147 38.6
0.008 201.96 38.5
525.46 38.6
0.04 1009.8 395
0.08 2019.6 38.9
25246 38.4
0.4 10098 374
20196 36.6

1 25246 36.5
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CMC of MES:AE"(2:8)
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Figure BL surface tension vs. Log equilibrium concentration of MES: AET in the
ratio of . :s.
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Figure B2 Surface tension vs. Log equilibrium concentration of MES: AET in the
ratio of 3.7.



66

CMC of MES: AE " (4:6)
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Figure B3 Surface tension vs. Log equilibrium concentration of MES: AET in the
ratio of 4:6.

CMC 0f MES:AE’ (5:5)

700
. B00 -
£
Z 00 -
E
g 400 -
“ -0—0-00 -
g 300 R
i 300
g 200

100 -

0.0 3 Cdevad ;

1 10 100 1000 10000 100000

LogMES:AE7 Equilibnum Concentration (pm oVl

Figure B4 Surface tension vs. Log equilibrium concentration of MES: AET in the
ratio of 5:5.
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Figure B5 Surface tension vs. Log equilibrium concentration of MES: AET in the

ratio of 6:4.
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Figure B6 Surface tension vs. Log equilibrium concentration of MES: AE7 in the

ratio of 7:3.
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Figure B7 Surface tension vs. Log equilibrium concentration of MES: AET in the

ratio ofs:2.
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Figure B8 Surface tension vs. Log equilibrium concentration of MES: AE7 in the

ratio of 9:1.
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CMC of MES:AE(2:8)
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Figure B9 Surface tension vs. Log equilibrium concentration of MES: AE9 in the
ratio of 2 s.
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Figure BIO Surface tension vs. Log equilibrium concentration of MES: AE9 in the
ratio of 3.7.
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Figure B Il Surface tension vs. Log equilibrium concentration of MES: AE9 in the

ratio of 4:6.
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Figure B12 Surface tension vs. Log equilibrium concentration of MES: AE9 in the

ratio of 5:5.
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Figure B13 Surface tension vs. Log equilibrium concentration of MES: AE9 in the
ratio of 6:4.
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Figure B14 Surface tension vs. Log equilibrium concentration of MES: AE9 in the
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Figure B15 Surface tension vs. Log equilibrium concentration of MES: AE9 in the
ratio of s 2.
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APPENDIX C Experiment data of detergency performance

Table CI Qily soil removal (%) of mixed surfactantof 1:9 of MES: AET at different
concentration on cotton fabric

Surfactant Extracted soil ~ Residual soil : Average
) ample : : Soil removal :
concentration 0 before washing after washing y soil removal
(%6wh) | (ppm) (ppm) (%) (%)

! 190.420 59.771 68.611
0.02 2 190.420 56.782 70.181 69.434
3 190.420 58.056 69.512
! 190.420 56.616 70.268
0.05 2 190420 56.457 70.351 70.333
3 190.420 56.404 70.379
! 190.420 55.177 71.024
0.1 2 190.420 55.352 70.932 70.716
3 190.420 56.760 70.192
! 190.420 55.144 71.041
0.2 2 190.420 54.970 11.132 70.718
3 190.420 54.532 71.362
t 190.420 52.973 72.181
0.3 2 190.420 52.998 12.168 12.458
3 190.420 51.365 73.025
05 ! 190.420 52.312 72.528 79 493

2 190.420 52.458 12.458
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Table C2 Qily soil removal (%) of mixed surfactant of 1.9 of MES: AE7 at different
concentration on polyester fabric

Surfactant Extracted soil ~ Residual soil . Average
: Sample ) : Soil removal :
concentration No before washing after washing y soil removal
(%6 wh) | (ppm) (ppm) (%) (%)
! 155.84 68.303 56.171
0.02 2 155 84 66.407 57.388 56.630
3 155.84 68.056 56.330
L 155.84 65.885 57.723
0.05 2 155.84 66.221 57.507 57.739
3 155.84 65.471 57.988
t 155.84 63.790 59.067
0.1 2 155.84 63.221 59.432 59.180
3 155.84 63.829 59.042
! 155.84 60.513 61.170
0.2 2 155 84 58.279 62.603 61.580
3 155.84 60.829 60.967
! 155.84 52.899 66.065
0.3 2 155 84 56.317 63.862 64.668
3 155.84 55.970 64.085
! 155.84 56.249 63.906
0.5 2 155.84 56.411 63.802 64.357

3 155.84 53.978 65.363
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Table C3 Particulate soil removal (%) of mixed surfactant of 1:9 of MES: AE7 at
different concentration on cotton fabric

Surfactant Concentration  Residual soil , Average
: ample : : Soil removal :
concentration No of soil before  after washing . soil removal
(Y% w/v) ' washing (ppm) (ppm) (%) (%)

L 84.01 75.100 10.606
0.02 2 8401 48.500 48.220 37.944
3 84.01 37.800 55.005
! 84.01 42.600 49.292
0.05 2 8401 50.900 39.412 40.563
3 84.01 56.300 32.984
! 84,01 47.400 43.578
0.1 2 84 01 41.300 50.839 46.673
3 84.01 45.700 45.602
L 84.01 35.400 57.862
0.2 2 84.01 38.100 54.648 51.514
3 84.01 48.031 42.031
03 ! 84.01 40.900 51.315 56493
2 84.01 32.200 61.671
L 84.01 37.100 55.839
0.5 2 84 01 35.800 57.386 55.680

3 84.01 38.800 53.815
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Table C4 Particulate soil removal (%) of mixed surfactant of 1:9 of MES: AET at
different concentration on polyester fabric

Surfactant Concentration  Residual soil , Average
) Sample . . Soil removal :
concentration No of soil before  after washing . soil removal
(% w/v) washing (ppm) (ppm) (%) (%)
g 84.01 52.400 20.627
0.02 2 8401 54.700 17.143 20.223
3 84.01 50.900. 22.899
L 84.01 48.900 25.928
0.05 2 84 01 50.500 23.505 24918
3 84.01 49.300. 25.322
! 84.01 47.90.0 27.443
0.1 2 84 01 48.100 27.140 27.140
3 84.01 48.300 26.837
! 84.01 42.200 36.077
0.2 2 84.01 45.300 31.381 33.502
3 84.01 44.200 33.048
! 84.01 42.700 35.320
0.3 2 84.01 40.300 38.955 38.854
3 84.01 38.100 42.288
! 84.01 40.500 38.652
0.5 2 84 01 39.400 40.318 37.895

3 84.01 43.100 34.714
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Table C5 Re-deposition of oily soil using the selected formulation (1:9 MES:AET)
on cotton and polyester fabric

Surfactant ~ Re-Geposition of oily  Re-deposition of oily
concentration  soil on the cotton soil on the polyester

(%wiv) (%) (%)
0.02 10.235 22,795
0.05 10,001 21.350
01 7,693 20187
0.2 7.949 19.969
03 6,567 17.454
05 5,507 16.365

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

Surfactant ~ Re-deposition of particulate ~ Re-deposition of particu-

concentration soil on the cotton late soil on the polyester
() (%) ()
0.02 6.071 8.028
0.05 4,404 5,908
01 3.690 5,756
0.2 2.857 4,696
03 1428 2212

05 1071 1212
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