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APPENDICES
Appendix A Experimental Data of Microemulsion Formation

1. Interfacial Tension (IFT)
The interfacial tension of each phase of microemulsion is interpreted by the
following formulation:
AFT =¢(Vd)3 2Ap (Al)
where
9= interfacial tension or IFT (mN/m, dyne/cm)
e = unity factor (3.427*107mN cm3min2/m g mm3
V = enlargement factor (0.31 mm/sdv)
d = measured drop diameter (ay)
= number of revolution (1/min),
Ap = density difference of two liquids (g/cm3)

2. Experimental Data of Interfacial Tension (IFT)

21 Interfacial Tension
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Table Al Interfacial tension of each phase in microemulsion formation with 13 wt%
of NaCl at different Alfoterra concentrations and an initial oil-to-water ratio =1:1

NaCl ~ Alfoterra  No.  Upper  Lower
cone.  Cone. density  densit
oo (% () (i
13 0.20 085 1078
0854 1078
0854 1078

085 1078
0854 1078
0854 1078

0854 1078
0854 1078
085 1078

085 108l
0.854" 108l
085 1081

0854 1078
085 1078,
0854 1078

0854 1087
0854 1087
0854 1087

0.25

0.275

0.30

QD D

<D

0.325

QOO b <

0.35

QD
CADl\J|_\C<D

Upper
level

5.2
5.2
5.22

501
5.03
5.00

5.15
5.1
5.12

5.05
5.02
5.02

501
498
4.99

9.2
5.1
5.23

Lower

level

231
2.29
2.3

2.93
2.90
251

245
242
2.40

2.5
251
2.49

2.39
2.38
2.39

2.39
2.40
241

Speed

IFT

(‘' m) (mN/m)

1444
1465
1413

1654
1626
1652

1335
1310
1321

1192
1208
1266

1396
1520
149

1357
13%
1362

0.1212
0.1273
0.1114
0.1199
0.0954
0.0979
0.0964
0.0966
0.0802
0.0764
0.0803
0.0790
0.0521
0.0535
0.0602
0.0528
0.0804
0.0929
0.0900
0.0877
0.1025
0.1027
0.0990
0.1014
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Table A2 Interfacial tension of each phase in microemulsion formation with 0.3
wt% of Alfoterra at different NaCl concentrations and an initial oil-to-water ratio =

]

Alfoterra  NaCl  No.  Upper

Cone.  cone
i (wt%
( 0.3 fo 6 8%

0.8506
0.8506

0.8566
0.8566
0.8566

0.8967
0.8987
0.8587

0.85/3
0.8573
0.8573

0.8532
0.8532
0.8532

0.8543
0.8543
0.8543

= QOO

QO
D

=
D
HC<D OO —

jab)
[
=B

[ab)
= OO
D

4

—

&
jab)
ORI  wOr

[ab)
=
D

Lower

density  density

i 064)7

1.064/
1.0647

10773
10773
10773

1.0814
1.0814
1.0814

1.0899
1.0899
1.0899

1.1083
1.1083
11083

1.0988
1.0988
1.0968

O OwD
OO NOCO O

1O~ |—‘LIOCAJ COLCO— OO ol oo
POPORD  POPORD  POMOND  POMOND  POMOR RO

OO  RPOO OO o
OO Poud BREO PN

Speed
(rpm)

1174

1166

1201
1098

1067

993

| 992

9L
1029

855
1R
886

%
879

IFT
(mN/m

)

0.1216
0.1285
0.1228
0.1243
0.0890
0.0897
0.09%1
0.0916
0.0686
0.0706
0.0703
0.0699
0.0507
0.0521
0.0539
0.0522
0.0653
0.0959
0.0723
0.0644
0.1129
0.1129
0.1170
0.1143



Table A3 Interfacial tension of each phase in microemulsion formation with 0.3

wt% of Alfoterra and 13 wt% NaCl at different oil-to-water ratio

Alfoterra NaCl  Qil:Water No.
Cone,  Cone,
(wt%)  (wt%)

03 13 11 1

i

3

ave

14 |

)

3

ave

1.9 1

2

3

ave

1:19 |

)

3

ave

Upper

0.8558

0.8639
0.8659
0.8659

0.8623
0.8623
0.8623

0.8629
0.8629
0.8629

Lower  Upper  Lower Speed
densit

densit /
bt |
0.8558

g mlz
071
1.0713
1.0713
1.06%
1.06%
1.06%

1.0673
1.0673

. 10673

1.0980
1.0980
1.0980

|evel

5.18
9.18
5.07

4.97
5.02
5.02

9.04
0.04
4.96
9.30
5.08
511

level

2.2
2.44
245

2.9
243
2.48

2.48
2.40

2.54
y

2.47
231
2.15

(rpm)

1010
1056
1126

982
936
996

848
815
993

Y,

935
013

60

)

0.0582
0.0505
0.0502
0.0529
0.029%
0.0330
0.0338
0.0321
0.0253
0.026
0.0292
0.0267
0.0438
0.0446
0.0519
0.0468
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2.2 Dynamic Interfacial Tension

Table A4 Dynamic interfacial tension of each phase in microemulsion formation
with 0.3 wt% of Alfoterra at different NaCl concentrations and an initial oil-to-water
ratio =1:1

Alfoterra - NaCl  Time Upper Lower  Upper  Lower  Speed
Cone. ~ Cone, (min) density density level  level  (rpm) ( L)
(Wt%)  (wt%) Sg/mlz
03 100 0 OB4 Iem 518 2y 18 Q10sl
o 08 10633 517 235 1490 01064
10 084 10633 517 23 1489 0.1062
H 084 10633 516 234 1487 0.1060
20 085 10633 516 233 1487 01071
25 0854 10633 515 233 1486 01058
30 0854 10633 515« 233 1486 0.1058
ave 0.1061
0 084 10482 506 257 151 0003/
o 0854 10482 505 - 256 1558 0.0743
10 0854 10482 504 255 1556 00741
Lo 084 10482 504 1256 1556 0.0732
20 084 10482 505 257 1557 0.0733
20 0854 10482 506 257 155  0.0740
30 084 10482 506. 25 155 0.0750
ave 0.0739
20 084 1063 506 240 1117 0.0477
5 084 1053 507 242 1118 00413
10 084 1063 504 240 1116 0.0466
L 084 1053 505 241 1118 0.0467
20 084 1053 505 240 1118  0.0473
25 084 1063 504 240 1119  0.0468
0 084 1063 504 241 1119 0.0463
ave 0.0469
30 084 10091 505 262 %L 00289
5 08 10591 503 261 982  0.0286
10 0854 10591 504 263 984  0.0284
5 084 10591 505 263 982 0.0280
20 085 10591 506 265 983 0.0283
25 0854 10591 505 264 983 0.0283
0 084 10591 505 264 %L 0.0282
ave 0.0285
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Alfoterra  NaCl  Time Upper  Lower  Upper  Lower Speed
Cone.  Cone, (min) density density level  level  (rpm) ( InL)
G (o %,/} g/mlg
03 1 0 O LM 4% 208 1466 008
5 084 10749 484 227 1463 0.0819
10 084 10749 48 229 1463  0.0810
5 084 10749 484 228 1464 00811
20 0854 10749 483 228 1464  0.0801
25 0854 10749 484 227 1465 0.0822
30 085 10749 48 228 1466  0.0823
ave 0.0817
L0 008 10803 513 224 1564 0.1364
b 08% 10803 512 225 1563 0.1334
10 085 10803 513 226 1566 0.1339
085 10803 512 225 1565 0.1338
20 085 10803 511 225 1564 01322
20 0854 10803 512 226 1566 0.13%
0 084 10803 512 220 1565 0134
ave 0.1335



3. Experimental Data of Electrolytic Conductivity
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Table A5 Electrolytic conductivity of each phase in microemulsion formation with
0.3 wt% of Alfoterra at different NaCl concentrations and an initial oil-to-water ratio

= 11

Alfoterra
Cong.,
(wt%)

0.3

NaCl
COne,
(wt%)

2

Time
(min)

Electrolytic conductivity Tem§erature

C
ﬁng 6.E)>
1154 265
1155 26.6
1143 26.8
1151 26.8
1148 26.8
1147 1269
1148 269
1141 269
1135 127.0
1140 210
1138 210
1134 21.1
1135 21.1
1139 201
1136 211
1144 269
2460 21.0
2310 21.0
2250 210
2210 21.1
2170 211
2090 211
2010 21.2
2000 27.2
2090 214
2010 214
2290 214
2340 21
2191 21.2
7180 265
6290 26.6
6060 26.6
2880 20.7
5760 26.8



Alfoterra NaCl

(Cv(\)zpos) (cotrg)?.) (Time) Electrolytic conductivity Tem§erature
0 0 min
03 ‘ 30 %6 6.
3 5600 26.9
40 5550 20.9
4h 5550 209
50 5953 26.9
10 5390 26.9
7 5360 21.0
ave 043 268
’ 10 9000 26.4
20 1820 20.5
30 240 20.1
3 7160 26.7
45 1320 20.8
50 8260 26.8
o 8160 209"
60 8970 26.9
65 9810 209
10 9060 209 ¢
[ 11540 209
12570 209 '
% 6910 20.9
% h2 10 20.9
4730 209 .
105 4250 26.9
110 3800 21.0
115 3500 21.0
120 3140 21.0
125 3030 21.0
130 2880 21.0
135 2190 21.0
140 2710 21.0
145 2105 21.0
150 2709 21.0
ave 6216 269
9 ) 7960 26.9
3 7560 20.6
5 1310 20.6
[ 1220 20.8
9 1220 20.0
1 1240 20.5
4 1190 20.
20 190 20.8
25 7110 26.9



Alfoterra
cone,
(Wt%)

0.3

NaCl
('t
9

10

16

Time

(min)

30

Electrolytic conductivity ~ Te

ot

6900
6920
6780
6770
7179
26900
23100
22800
23000
23100
22900
22800
22100
22600
22100
22600
22500

OOOOOOOOOO

m§eratu e

6.9
284
281

65
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Table A6 Electrolytic conductivity of each phase in microemulsion formation with
0.5 wt% of Alfoterra at different NaCl concentrations and an initial oil-to-water ratio
=11

_ Electrolytic Temperatur
AIfoESJtr& gzone. Na(CItg/o)ne. (Tlmg conductivity

0 W70 min °C
05 : " bogt %6
15 4960 5.1
20 4300 25.8
5 45710 25.8
30 3430 25.9
3 3610 25.9
40 3350 26.0
45 3300 26.0
50 3240 26.0
% 3310 26.1
60 3250 20.3
65 3280 20.3
10 3310 20.3
I 3320 260.3
80 3290 26.3
2 3310 20.3
ave 33375 26.1
4 10 2120 26 3
15 1830 26.4
3 1314 26.8
40 1350 20.8
48 1178 20.8
02 1209 26.8
% 1158 21.0
60 1137 21.0
56 1117 21.0
10 1128 211
I8 1084 211
80 1141 211
85 1002 27.1
86 1010 27.1
87 1016 211
" 1046 211
89 1092 211
90 1125 211
92 1228 2711
93 1283 211
04 1375 211
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(8 )4
’,'_\\\ P { /; ;‘_/;
_ Electrolytic
Alfoterracone. ~ NaCl cone.  Time conductivity Temperature
(wt%) (wt%) (min) ﬁ 21 °C}
05 4 % 49 1.
9% 1528 211
97 1560 211
98 1592 211
99 1652 211
100 1784 211
120 1816 211
140 189 211
ave 1327 210
6 15 10720 21.2
20 10960 21.3
25 11050 213
30 11150 213
35 10950 213
40 . 11090 213
45, 11040 213
50 11340 21.3
5 11290 214
60 12830 21.6
65 12970 21.9
10 13060 28.0
b 13210 28.2
80 13620 28.2
85 13540 28.0
90 13480 21.9
100 13870 21.6
136 14040 21.6
140 14150 21.1
142 14220 211
160 14340 20.1
ave 12523 21.6
g 30 37100 213
3 36300 21.3
40 35500 21.3
45 34900 21.2
) 34100 21.2
5 33500 2[.2
60 32800 211
65 32100 211
10 31600 211
6] 31200 211



Electrolytic

Alfoterra cone. ~ NaCl cone.  Time conductivity ~ Temperature
(wt%) ( t%) (min) (7 8 °Cf
05 8 100 27600 1
120 25700 211
140 25000 211
160 24900 21.3
180 25100 21.3
ave 25060 21.2
10 30 30100 26.9
3 28500 26.9
40 26900 27,0
45 24900 27,0
50 23700 210
60 23200 21.1
10 21600 21.1
80 20900 27.0
& 18600 269
90 16800 209
® 100 15800 26.8
110 16900 26.6
120 16400 26.6
150 16200 20.6
ave 16/83 26.7
1 30 10340 26.7
3 9970 26.8
40 9850 26.9
45 8900 26.9
50 7970 21.0
o 8040 21.0
60 8120 21,0
10 8880 211
80 10040 21.1
%0 9050 211
100 8940 211
110 8590 211
120 8730 211
130 8540 211
140 8630 211
150 8690 21.1
ave 8955 21.0
12 5 0 2.1
10 0 26.1
15 0 2.1
20 0 26.1
25 0 2.1
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_ Electrolytic
AIfoE%ré} )cone. Na(CItoc/o)ne. (Tlr_ne) condugtlwty Temgerature
0 wi% min 0
05 12 3 (o) 6.1
40 0 26.1
120 0 26.1
ave 0 2.1



Table A7 Electrolytic conductivity of each phase in microemulsion formation with
0.7 wt% of Alfoterra at different NaCl concentrations and an initial oil-to-water ratio
= 11

Alfoterra NaCl , , -
cone. cone.  Time  Electrolytic conductivity Temperature
o ) () §

0.7 2 15 02

8.5

20 3970 285
25 2390 284
30 2360 284
3 2510) 284
40 2420 284
45 2400 28.3
50 2290 283
55 2390 28.2
60 2420 28.1
10 2430 . 281
80 2400, . 28.1
90 2410 28.1
ave 2402 28.3
4 = 9500 218
5 9470 218
o 9670 218
25 9800 219
J0 9980 219
35 00 219
40 10200 27.9
45 10240 218
50 10270 218
5 10240 218
60 10680 218
75 11020 215
80 11040 215
11010 27.4

90 11040 214
120 11080 214
ave 10629 201
6 25 7300 210
30 7540 21.0
3H 8150 211
40 8670 211
45 8840 211
50 8590 21.2



Alfoterra NaCl

cone, cone.  Time Electrolytic conductivity ~Temperature
( t%) (wi%)  (min) ' é 6 °C
0.7 . 60 79 1.
65 8910 21.3
10 83170 214
80 8830 214
% 8040 214
100 8880 214
120 8820 214
ave 6853 213
] 20 24500 28.5
25 23300 28.3
30 21000 28.3
3 18100 28.2
40 17200 28.2
45 15900 28.2
50 14800 281
o 18000 281
60 18110 - 81 ¢
65 17070 28.1
10 16720 28.1
I 15790 28.0
80 15030 219
&5 14760 219
90 14600 219
% 14470 21.8
100 14050 20,1
105 13800 21,6
110 13340 21,6
115 12740 21.6
120 12230 21,6
125 10810 215
130 10750 215
135 10470 214
140 10760 214
180 10800 214
ave 10718 214
10 10 37000 26.8
20 34500 21.0
35 34600 21.2
4h 32700 21.3
50 29900 215

»
S
(NS
[ %]
& a]
S
S

OO

—~—J—J

cooH>U



Alfoterra NaCl

cone, cone.  Time  Electrolytic conductivity Temperature
( %) (Wt%)  (min) % 8 §’C
0.7 10 9 20500 /.
% 17200 26.1
16600 282
105 15900 28.3
15500 284
120 16100 28.4
13) 16200 284
140 16000 284
ave 16050 284
12 70 110 27.6
5 184 21,6
80 206 21.6
0 228 21,6
% 310 21.6
100 102 27.6
105 65 21.6
115 47 276
120 39 27.6
125 33 21.6
135 4 21.6
140 45 21,6
150 43 21,6
160 47 21.6
ave 46 21.6
].3 20 0 27.7
25 201
201
20,1
207
201
201
207



Appendix B Experimental Data of Froth Flotation Experiment
1. Oil Removal

The oil removal was calculated by the following formulation:

Oil removal (%) = CF ¢ex 100

where  ce=concentration of oil in an effluent (wt.%)
cj = concentration of oil in an influent (wt.%)
Fe = Volumetric flow rate of an effluent (ml/min)
Fj = volumetric flow rate of an influent (ml/min)

2. Surfactant Removal

The surfactant removal was interpreted by the following equation:

0p) = ia e .
Surfactant removal (%)= v stF,S’e X:00

where  cse= concentration of surfactant in an effluent (wt.%)
¢ $j= concentration of surfactant in an influent (wt.%)
Fe = Volumetric flow rate of an effluent (ml/min)
Fj = volumetric flow rate of an influent (ml/min)

(BY)

13



3. Enrichment ratio

The enrichment ratio was calculated by the following equation;

Enrichment ratio = /

Where Cf= concentration of oil in the collapsed foam solution
cj = concentration of il in an influent



Table BL Summary results of froth flotation performance of all system in the surfactant concentration effects at 13 wt.% NaCl, 500
ppm oil content, 0.3 L/min air flow rate, 20 min HRT, and 3L cm foam height,

Alfoterra : : Surfactant Enrichment -
: Qil removal Enrichment - Foam production  Foam wetness
con(c\;%tlon (wt.%) ratio of oll r(evr\ng%al SJ?%%I% rate (ml/min) (g/ml)
52.12 105 49.64 107 21.23 1.0825
03 86.28 184 80.60 36.36 1.0851
05 84.74 174 7843 108 43.60 1.0866

Table B2 Summary results of froth flotation performance of all system in the salinity effects at 0.3 wt.% Alfoterra, 500 ppm oil content,
0.3 L/min air flow rate, 20 min HRT, and 31 cm foam height

NaCl : : Surfactant Enrichment :
- Qil removal Enrichment : Foam production  Foam wetness
trat : . :
con(cvffrt% on (Wt.%) ratio of oi revr\n%ll s&?%%tgat rate (ml/min) (g/ml)
6 73.36 150 3.85 34.23 1.0350
10 83.27 190 76.81 114 34.92 1.0655

13 86.28 184 80.60 112 36.36 1.0851



Table B3 Summary results of froth flotation performance of all system in the HRT effects at 0.3 wt.% Alfoterra, 10 wt.% NaCl, 500
ppm oil content, 0.3 L/min air flow rate, and 31 cm foam height

: : Surfactant Enrichment -
HRT Oil removal Enrichment . : Foam production  Foam wetness
(min) (Wt.%) e ratio of oil - r(evrmzsil s&?%octg];t rate ?ml/min) (g/ml)
10 69.34 65.65 104 36.55 1.0680
15 78.56 132 68.87 105 35.32 1.0674
175 80.45 1.36 10.87 105 35.07 1.0666

20 83.21 145 16.81 107 34.92 1.0695
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Appendix C Experimental Data of Foamability and Foam Stability
Experiment

1. Foamability

The foamability was defined as the ratio of maximum foam height to initial
solution height

Foamability = (C)
Where Hma = Maximum foam height
Hj = Initial solution height

2. Foam Stability (ti/2)

The foam stability was defined as the time that was required for the foam
volume to collapse by half. -
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Table Cl Summary results of foamabilitK| and foam stability of the system in the
surfactant concentration effect at 13 wt.% NaCl, 500 ppm oil Content, and 0.3 L/min

air flow rate
Alfoterrz% V%g/g)entration Foamability Foam stability (min)
01 751 6
03 15,69 1561
05 9.35 1.93

Table C2 Summary results of foamability and foam stability of the system in the
salinity effect at 0.3 wt.% Alfoterra, 500 ppm oil content, and 0.3 L/min air flow rate

NeCl c(wtlcoemr;tration Foamability Foam stability (min)
6 I/ 10.82 15.30
10 1757 16.26

13 1569 1561
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