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APPENDICES
APPENDIX A Experimental Data of PZC and Zeta Potential

Table AL Zeta potential of methyl palmitate in deionized water at various pH values

f|§|5 Zeta potential (mV)

42,69
2.9 -3543
35/ 633
39 92.29
o d1 -126.33
8.7 -146.643

Table A2 Zeta potential of methyl palmitate in Alfoterra® C145-4(PO) solutions &
various concentrations

Alfoterra® C145-4PO Cone. (%owlv)  Zeta potential (-mV)

0 (pure DI water) 1317272
0.0500 147.1815
0.1000 875105
0.2000 71.7818
0.3000 714100
0.5000 626471

Table A3 Zeta potential of methyl palmitate in 0.1 %wiv Alfoterra® C145-4(PO)
solutions at various salinity

Salinity (%owlv)  Zeta potential (-mV)

1 1379500
3.0000 1209091
5.0000 111385

70000 14,5800
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APPENDIX B Experimental Data of Detergency Experiment
1. Detergency (%)
The detergency performance can be calculated from the following equation.
Detergency (%) = [(A-B)/(CO-B)]x 100 (.1
where A =The average reflectance of the soiled swetches after washing
B = The average reflectance of the solled swatches before washing
¢ (= The average refiectance of the unsoiled sweiches before washing
2. Semi-Solid Oil Removal (%)
The semi-solid oil removal is determined by the following equation.
Semi —solid oil removal (%) = (C0—£1)/Cq (B2
where  Co- The average semi-solid oil concentration of the Soiled swatches
before washing
Cl = The average semi-solid oil concentration remains of the soled

swatch after washing

To calculate the oil removal, the calibration curve of colored methyl palmitate
was required.
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Figure B1 Relationship between colored methyl palmitate concentration and the
absorbance measured a 205 nm.

Table B1 Relationship between colored methyl palmitate concentration and the
absorbance measured a 205 nm

Methy palmitzi%e cone, (ppm) - Absorbance

0.0008
16 0.015/
14 0.0242
32 0,095
663 02255
1092 0.37%5
1576 0.5566

2092 0.7391



3. Experimental Data of Detergency Performance

Tahle B2 % Detergency of semi-solid oil at different surfactant concentrations

Reflectance of the Reflectance ofthe  Reflectance of

Surfactant
concentraion  S3TPE  Unoled svatches  Sojed swetgtes - tesoled - yigergeney  Average
: No - before washing ~~ swatches after OENCY  oeDetergenc
(%owiv) before washing (Co) B g was?nng i gency
1 84.28556 69.64667 69.16667 -3.2789599
0 2 84.28556 7139 69.19 -17.060135 -9.555368699
3 84.28556 68.11333 66.76667 -8.3270108
1 84.28556 10.20667 69.1006667 -1.81313%
0.0055 2 84.28556 70.19667 68.9933333 -8.5410324  -7.75470925
3 84.28556 10.82667 69.8966667 -6.9099557
1 84.28556 10.7433 10.94 1.4524902
0.08 2 84.28556 71,3433 1058 5897733 -3.389730721
3 84.28556 71,1833 7043333 -5.723949
1 84.28556 69.43333 69.8966667 3.1196438
0.154 2 84.28556 69.32 69.3133333 -0.0445467 4088041954
3 84.28556 69.05 10.45 0.1890288
1 84.28556 1047 13.80667 24.151512
0.24 2 84.28556 102133 13.60667 2378393  20.00949216
3 84.28556 10.7733 12.40667 12.088035
1 84.28556 68.43333 12.3533333 24.728403
0.280 2 84.28556 69.01 12.13 24.352620 24.77330132
3 84.28556 68.82 12.7233333 25.238875



Table B2 % Detergency of semi-solid oil at different surfactant concentrations (Cont.)

Reflectance ofthe  Reflectance of

sutadat  gyrye  Refledance ofie  “slad syeiches”  ihe Sl Average

concentration unsoiled swatches - %Detergenc

(9hui) NO.  pefore washing (Co) before(%v)ashlng s\\//\vfalés%r?ﬁs aRer 9encY  geDetergency
1 84.28556 105233 14, 21157311

05 2 84.28556 71.2333 74.13333 2221863  24.05643262
3 84.28556 711133 74.03667 22.193357
1 84.28556 70.14 13.86333 26.321569

1 2 84.28556 70.1633 7446333 3044862 27.42638984
3 84.28556 704733 73.99667 2550898
1 84.28556 69.4967 14.21667 31.91569

2 2 84.28556 10.15 1447 30561223  29.93694161
3 84.28556 7042 4.2 21.333912



Table B3 % Semi-solid oil removal at different surfactant concentrations

Surfactant

con@entr%tlon Sample No.  before wa)shmg a erw hing

0

0022

0.08

0.1

0.24

0.286

05

O ORI I ORI I ORI L GO O N O O N O N —

Extracted spil  Residual 30|I
5226.25%17  4054.59712
5226259617  2968.88361
5226.25%17  3186.48568
5226259617  3299.53092
5226.259617 3036.5900
0h226.259617 307843361

5289.347 3112.9882
5289.347 2931.9353
5289.347 2679.1933
5226250617 2734.60439
5226259617  3176.19981
5226250617  2789.22959
5289.347 2198.5285
5289.347 1766.7111
5289.347 1978.8125
5226.25%17 14597499
5226259617 118352808
5226250617 155691683
5280.347 1861.6374
5289.347 1784.2132
5289.347 17974628
5289.347 1627.97%
5289.347 949.9462
5289.347 1616.2125
5289.347 1372.1715
5289.347 1556.6852
5289.347 1665.4554

Avera g
? solid
ol removal

(%)
34.88034682
39.95351603
450208328
44.51076916
62.5407314
1321095699
69.6963742

69.332/74

71,0467593
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Table B4 % Semi-solid oil re-deposition at different surfactant concentrations

Surfactant
con@entraslon % Re-Geposition

0 20,60385054
0022 2383997682
0.0 19.29510847
0.154 1844706853
0.24 1759962091
0.286 196600261

05 194357836

1 17.8039392

2 10.65775875

Table B5 % Semi-solid oil removal of Alfoterra® C145-4PQ at different concentrations
with 1%wi/v NaCl

xtracied  Residual ~ Average

co%ugﬁfrtat%n Sample egore smfa e S |d

i . A ing \/\Fsp Ing 0| reor/nova

0

| 5158.%7%037 3010 35ke5

0 2 5195376037 351593221 2897472046
3 5195376037 3643.29217
1 5195376037 2456.27137

0.05 2 5195376037 2369.17317 51.99122472
3 5195.376037 2657.26468
1 5195376037 2741.78555

01 2 5195376037 2635.28972 50.95683254
3 5195.376037 2266.85504
1 5195376037 2208.61417

02 2 5195376037 2598.01122 53.59083763
3 5195376037 2425.36336
1 5195376037 195043338

03 2 5195376037 19913705 62.36375347
3 5195376037 1924.22972
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Table B5 % Semi-solid oil removal ofAlfoterra® C145-4P0 at different concentrations
with 1%w/v NaCl (Cont.)

Surfactant gl .rac]ged Refid d  Average
soll before ~ soif after — semi-solid
con entr tion Ndp Wasing vgz)spﬁmg oﬁ r(pf;])ovm
0
1 519 I%7%037 17 985)367
05 2 5195376037 207700227 6342260458

3 51%.376037 191414377

Table B6 % Semi-solid oil removal of Alfoterra® C145-4PO at different concentrations
with 3 %owlv NaCl

Surfactant racfted Re idual  Average
Sample ore 30| ater mi-Solld
Congertzaton i @lng hlng o r(%%oval
0
1 104 41 27 78
0 , 5471 75104 3707.76322  28.90151255
3 B471.75104 382296068
1 547175104 22158325
0.05 2 547175104 200382966 63.17684329
3 B471.75104 182495222
1 S471.75104 212436672
01 2 547175104 193797429 65.4375692
3 B471.75104 1611.16949
1 547175104 1840.773%4
0.2 2 SA71L75104 1897.23492  66.0032027
3 B471.75104 184265207
1 BS471.75104 194311614
03 2 SA71.75104 1730 32223  66.77545134
3 B471.75104 178045539
1 547175104 1517.72607
05 2 SA71.75104 1686.12199 71.05956652
3 B471.75104 1546.79735



Table B7 % Semi-solid oil removal of Alfoterra® C145-4P0O at different concentrations

with 5% w/v NaCl

Surfactant
concentration
@/owlv

0
0.05
01
02
03

05

Sample  soil efore
0

O O O O WO O N

rac{ed

o

4691 045193 3366.29302

4691 045193
4691 045193

Refid al Average
soll arter s_?ml-s Id
hrhng olf removal

o, 6
84131 28923022
3058.04815

4691045193 272131699

4691045193
4691 045193

780485476 4127945635
2647.64997

4691.045193 - 335248039

4691 045193
4691 045193

319604915 30.66554212
3209.002/2

4691045193  3172.02088

4691 045193
4691 045193
4691 045193
4691045193
4691 045193

3129.89712  32.59425906
318418331
306107536

32053441 33.94260335
3029.92753

4691045193 306/.10712

4691 045193
4691,045193

V1223543 30.26996212
33386022



Table B8 % Semi-solid oil removal of Alfoterra® C145-4P0 at different concentrations

with 7 % w/v NaCl

Surfactant
concentration
@/owlv

Sell\ln&ple
0

005

01

02

03

05

QORI 2O N I O = O O NI O —

rac ed
e ore

W@Sg |ng

3762 6428
3762.6428
3762.6428
37626428
3762.6428
37626428
3762.6428
3762.6428
3762.6428
3762.6428
3762.6428
3762.6428
3762.6428
3762.6428
3762.6428
3762.6428
3762.6428

Re id aI
50|

vgs |ng
3

2091, 1211
29942311
2344181
26(2.173
2246.3363
2280.6
24472161
2999.9935
2052,0843
2139.8909
1990.7769
2075.6176
2136.7269
1987.6129
22380813
2199574
209117

Average
?ml salid
ol removal

(%)
19.10024872
35.65922335
35.08632106
4522686643
4507444431

37.75460429



Table B9

surfactant concentrations

Surfactant
concentration

(Yowlv

0.

OOOO
g1coPOFFPOCIO

1.030335575
5631350805

6.33529274
9.117933674
9198143799
5472299524

% Re-deposition
NaCl 1%wlv - NaCl 3%wiv -~ NaCl 5%wiv ~ NaCl 7 %wiv

6.005943016
5.884319736
5.080428423
4676066712

423237929
4125641293

10.10137435
8. 15113603
1.114419215
1.34966186
1.136454359
6.986001476

% Re-deposition of semi-solid oil at different salinities for any given

1.107799839
6.990033294
6.894203103
6.95/990439
6.7260413%
6.470750677

Table BIO % Semi-solid oil removal at different washing temperatures for our selected
formulation

- Extracted soil Avera
te\rlr\lagpé? o Sample bet[ore esidual ol S_?m?-S i
F(’OC) No. Washing after washing ol reor/noval
m 0
1 535%.36(}5967 M&M W
10 2 5313605967 41938666 17.62042774
3 5313605967 - 44979291
1 5005852133 26150187
2 2 5005852133 2708.1656 50.60089684
3 5006852133  2094.603
1 4828622913 23600192
5 2 4828622913 240589202 50.62954712
3 4828622913 238582778
1 5005852133 19539933
3 2 5005852133 16308467 6556109421
3 5005852133 1587.0421
1 4828622913 206543309
& 2 432862913 173536517 61.99733845
3 4828622913 170421741
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Table BIO % Semi-solid il removal at different washing temperatures for our selected
formulation (Cont.)

- Extracted sall Avera
S ool be#ore eesmglsﬁﬂl ?mFS i
M No. Ing i 9" ol removal
\Aﬁ (pp (%)
1 5005852133  2141.3691
40 2 5005852133 24311973 56.06898536
3 5006852133 2024.2985
1 531360597 28068502
) 2 531360597 25205866 49.74236116
3 5313605%7 26840387

Table Bl % Semi-solid oil removal at different washing temperatures for pure de-

lonized water

Washin
temperature
(0

10

2

25

OO O L O O —

Sample
Nop

ac ed
sol eore

W@S ing
532 %5 o7

9323.959467
9323.959467
9323.959467
9323.959467
5323.959467
4828.622913
4828.622913
4828.622913
9323.959467
9323.959467
9323.955467
4828622913
4828.622913
4828622913

Refid al Average

sl ﬁ er ?mls Id

p rhng ol r%;noval
0

3%1 6)167 "

28289002 45.89950928

2710.3412

32174373

25826003  46.0148139

28224042

3531.25892

3315 89405 3167308784

3050.59384

3470.09%

AUH5001  34.7894057

35196504

3719.03574

3656.04792  19.60659682

4270.5992
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Table BIl' % Semi-solid ol removal at different washing temperatures for pure de-
lonized water (Cont.)

: Extracted soil Avera
teW%?é? Lo Sample bef[ore egr'c\',k‘,gé Si%" ?mfs i
%Q No. \l\fis Ing pme 0 ol removal
pprm) (%)
1 531360597  3845.1308
40 2 5313605967  3765.1663 27.80808882
3 5313.605%7 3897.684
1 5313.6059%7 40229
5 2 5313.605%7 4595822 17.32950353
3 5313605%7  4559.6313

Table B12 % Re-deposition of semi-solid ol at different washing temperatures for our
selected formulation

Washing temlgerature (’C)  %Re- de;;osmon
15.94676636
2 5350171757
5 4.018704065
4510519914
3902975667
4983051751
2.897916226

SERS



APPENDIX ¢ Experimental Data of Dynamic Interfacial Tension (IFT)

The dynamic interfacial tension of each microemulsion system is calculated
from the following equation.

IFT=¢ (VA)VAp cl)

Where e= 3427 x IC(mN em3minam g mm3
V =031 (mmsav)
0= Measured drop ciameter (scv)
= Number of revolution (pm)
Ap = Density difference of two liquids (g/em3
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Table Cl Dynamic interfacial tension as a function ofAlfoterra® C145-4P0O concentration at 3 % w/v NaCl

Surfactant

dro

concentration  diameter

(Yowiv)

0.05

0.2

03
05

d: sav
47000
3.99000
3.98000
3.80000
1.87000
3.23000
2.84000
2.65000
2.76000
3.01000
1.58000
1.86000

(rpm)

1211.00000
1200.00000

914.00000
942.00000
137400000
590.00000
761.00000
1032.00000
1053.00000
1206.00000
882.00000

2

1466521.00000
1440000.00000
835396.00000
887364.00000
1887876.00000
308025.00000
579121.00000
1065024.00000
1254400.00000
1108809.00000
145443600000
177924.00000

vd

1.07570
1.23690
1.23380
1.17800
0.57970
1.00130
0.88040
0.82150
0.85560
0.93310
0.48980
0.57660

(Vd) 3

1.24473
1.89236
18781/
1.63469
0.19481
1.00391
0.68240
0.55440
0.62634
0.81243
0.11750
0.19170

A

0.02000
0.02000

0.01400
0.01400

0.01000
0.01000

0.00400
0.00400

0.00200
0.00200

0.00800
0.00800

IFT

(; mN/m)

0.0125114
0.0186/71
0.0075278
0.00695%
0.0012604
0.0010597
0.0005417
0.0008094
0.0005385
0.0006174
0.0004685
0.0004089

sl
0.0155943
0.0072437
0.0011600
0.0006756

0.0005780
0.0004387



Table c2 Dynamic interfacial tension as a fonction oftemperature for selected formulation

Temperature .40
o i
1.87000

30
3
40
50

3.23000
2.62000
2.83000
2.43000
1.81000
2.23000
4.03000

(rpm)

1374.00000
590.00000
689.00000

1260.00000

175400000

1396.00000

1175.00000
974.00000

2

1887876.00000
308025.00000
790321.00000

1587600.00000

3076516.00000

1943816.00000

1380625.00000
948676.00000

v(

0.5/970
1.00130
0.81220
0.87730
0.75330
0.96110
0.69130
1.24930

(Vd) 3

0.19481
1.00391
0.535/3
0.67522
0.42747
0.17665
0.3303/
1.94985

A

0.01000
0.01000
0.01000
0.01000
0.01000
0.01000
0.01000
0.01000

IFT

(a; mN/m)

0.0012604
0.0010097
0.0014511
0.0036/37
0.0045069
0.0011798
0.0015631
0.0063392

Aver?\?e IFT
(mN/m)

0.0011600
0.0025624

0.0028433
0.0039511
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