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APPENDICES

Appendix A: Technical data of nonionic surfactants (Handbook of Industrial
Surfactant),

Technical Data for CO-610

lgepal CO-610 [Rhone-Poulenc Surf ] Nonoxynol-8 (7-8 EQ); CAS
9016-45-9; nonionic; low foaming detergent, wetting agent, emulsifier,
|ubricant; for metal working; biodeg; FDA compliance; pale yel. Lig., aromatic
odor, sol. in naphtha, xylene, butyl Cellusolve, perchloroethylene, ethanol,
water, sp.gr. 1.05; vise. 230-290 cps; HLB 12.2; cloud pt. 72-82 F (1%) flash
pt. > 200 F (PMCC); pour pt. 37+2 F; surf. Tens. 30 dynes/cm (0.01 %); 100
Y%act.

Technical Data for CO-630

lgepal CO-630 [Rhone-Poulenc Surf] Nonoxynol-9 ; CAS 9016-45-9;
nonionic; detergent, wetting agent and rewetting agent, corrosion inhibitor,
penetrant, emulsifier, dispersant for textile, paper, leather, household/industrial
cleaners, agric., paints, metal processing, emulsion cleaning ; biodeg; FDA,
EPA compliance; almost colorless lig., aromatic odor, sol. in naphtha, xylene,
butyl Cellusolve, perchloroethylene, ethanol, water, sp.gr. 1.06; vise. 225-300
cps; HLB 13.0; cloud pt. 126-133 F (1%) flash pt. > 200 F (PMCC); pour pt.
3142 F; surf. Tens. 31 dynesicm (0.01 %); toxicology: severe eye irritant;
LD50(oral, rat) 3 g/kg; 100 %act.
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Technical Data for CO-660

lgepal CO-660 [Rhone-Poulenc Surf] Nonoxynol-10, CAS 9016-45-
9; nonionic; detergent, wetting agent and rewetting agent, corrosion inhibitor,
penetrant, emulsifier for textile, paper, leather, household/industrial cleaners,
agric., paints, metal processing, emulsion cleaning ; biodeg; FDA, EPA
compliance; pale yel. liq., aromatic odor, sol. in naphtha, xylene, butyl
Cellusolve, perchloroethylene, ethanol, water, sp.gr. 1.06; vise. 225-275 cps;
HLB 132 ; cloud pt. 140-149 F (1%); flash pt. > 200 F (PMCC) ; pour pt.
46+2 F; surf. Tens. 31 dynes/em (0.0 %); 100 % act.



Appendix B: Technical Data.
Table B-I Technical data of each raw material.

Surfactants CIoud point  Molecular Densit

speci |cat|on weight (g/cm3) (mole )
NP(EQ)8 2(2 28 O72 105 4.4*109
NP(EQ)9 h2-56 616 105 0.7% 10'5
NP(EQ)io 60-65 660 1.06 6.8* 10

* From Handbook of surfactants

Table B-2 Comparison of concentrations of the surfactant solution in
different units.

Surfactants ~ Molecular weight Concentration
Wt% M

NP(E0)8 572 05 0.0087
10 0.0175
NP(E0)9 616 05 0.0081
10 0.0162
NP(EQ)io 660 05 0.0075
10 0.0152



Appendix C: Cloud point test data.

Table C-I' Cloud point of 0.0 M NP(EO)g/SDS and NP(EQ)9SDS at different
mole ratio.

Xs08

0.000
0.001
0.002
0.003
0.004
0.005

49

Table C-2 Cloud point of 0.01 M NP(EQ)g/SDS, NP(EQ)SDS, and NP(E0),0

Cloud point (°C)
NP(EO)g NP(EO)9

2 5%

3 57

46 61

53 14

%6 i

T2 86
NP(EC)JSDS NP(EO),0/SDS

oap O oaM (D)

0020 80 0050 740
0060 660 0100  69.0
0080 630 0200 630
0100 610 0250 605
0120 590 0300 590
0140 580 0400 555
0160 570 0450 545
0200 550 0500 530
0240 520 0600 500
0300 500 0700 480
0400 470 0800 460
0500 440 1000 420

ISDS ratio 0.9/0.1 with NaCl.
NP(EC)JSDS
;av  CP(Q
0000 910
0010 770
0014 730
0020 575
005 460
0030 430
0040 400
0060 330
0070 320
0075 315
0080 310
0100 260



Table C-3 Cloud point of 0.01 M NP(EQ)g/SDS with NaCl at varying mole
ratio.
NP(EQ)g/SDS + NaCl

1.00.0 0.9/0.1 0.8/0.2 0.7/0.3 0.6/0.4
C c (N0 c ONO c GOl cr (NO cp
M 0 M 0 M ¢ M (o M (0
0000 270 0000 910 0050 820 0100 930 0200 980
0100 260 0010 7/0 0080 605 0120 840 0250 85.0
0200 245 0014 730 0100 510 0150 690 02300 61.0
0300 230 0020 5/5 0110 470 0160 670 0320 500
0400 22.0 0025 460 0120 430 0180 60.0 0340 39.0
0500 210 0030 430 0140 380 0200 510 0350 350

0.040 400 0150 350 0220 450 0360 305
0060 330 0160 335 0240 380 0370 26.0
0070 320 0.180 300 0250 340 0380 210
0075 315 0200 270 0260 330
0.080 31.0 0.280 28.0
0.100 26.0 0.300 230



Appendix D: Ross-Miles test data.
ggpcle D-I' Foam height of SDS at different SDS concentration, temperature =

im Foam height (cm

gmn% 0002M 0.004M 0.006 M g0.0%8N 0010M 0.020M
0 170 191 196 21,1 22.0 22.6
5 133 172 179 19.7 20.2 20.5
10 10.0 151 164 195 20.2 20.1
155 8.00 146 158 19.3 198 196
20 550 133 149 191 196 196

Table D-2 Foam height and stability index of 0.01 M SDS at different
temperature.

Temperature . Foam hei%;ht (cm) Stability index
f’C 0 min 5 niin 20 min 5min 20 min
0. 22.0 20.2 195 0.918 0.886

30.0 22.0 202 196 0.918 0.891
40.0 214 19.7 188 0.921 0.878
20.0 213 18.7 130 0.878 0.610
60.0 199 15.7 8.10 0.789 0.407
70.0 186 9.00 0.70 0.484 0.038

Table D-3 Foam height of 0.01. M NP;EOS)S, NPéEO)S]and NP(EO),0 at
different temperature, cloud point = 27, 55, and 64°c respectively.

Temfgrature NP(EQ)g Temfecrature NP(EQ)9 Temf%rature NP(EO)io
0 0

. . 191 0. 208
25.0 129 30.0 198 30.0 204
21.0 128 40.0 208 40.0 230
30.0 8.70 50.0 209 20.0 22.0
3.0 490 2.0 211 60.0 217
40.0 4.60 60.0 111 64.0 22.3
45.0 3.20 700 4.50 10.0 8.10
50.0 2.80 60.0 4.0



Table D-4 Foam height and stability index of 0.01 M NP(EQ)q at different

temperature, cloud point = 27°c.

Temperature Foam height (cm) Stability index
(°C) 0 min 5 min 20 min 5 min 20 min
20.0 124 10.4 1.10 0.838 0.572
25.0 12.9 9.90 5.50 0.767 0.425
27.0 128 9.60 5.30 0.750 0.414
30.0 8.70 6.50 3.70 0.747 0.425
35.0 4.90 3.50 2.00 0.714 0.408
40.0 4.60 3.20 1.80 0.695 0.391
45.0 3.20 2.10 1.30 0.656 0.406
50.0 2.80 1.80 1.10 0.643 0.393

Table D-5 Foam height and stability index of 0.01 M NP(EO)9at different
temperature, cloud pint = 55°C.

Temperature Foam height (cm) Stability index
(°C) 0 min 5 min 20 min 5 min 20 min
20.0 19.1 16.6 8.60 0.842 0.436
30.0 19.8 15.3 8.30 0.772 0.419
40.0 20.8 15.1 2.40 0.725 0.115
50.0 20.9 4.10 1.00 0.196 0.048
55.0 21.1 2.50 0.00 0.118 0.000
60.0 111 1.30 0.00 0.117 0.000
70.0 4.50 1.00 0.00 0.222 0.000

Table D-6 Foam height and stability index of 0.01 M NP(EQ)Dat different
temperature, cloud point = 64°c.

Temperature Foam height (cm) Stability index
(°C) 0 min 5 min 20 min 5 min 20 min
20.0 20.8 18.2 141 0.875 0.678
30.0 20.4 18.0 12,5 0.882 0.613
40.0 23.0 19.6 4.40 0.852 0.191
50.0 22.0 101 2.30 0.459 0.104
60.0 21.7 3.90 1.10 0.179 0.050
64.0 22.3 3.00 0.00 0.134 0.000
70.0 8.10 0.90 0.00 0.111 0.000

80.0 4.70 0.90 0.00 0.183 0.000



Table D-7 Foam height and stability index of 0.0 M NP&EO)B/SDS, NP(EO)s

ISDS, and NP(EQ)io/SDS at different mole ratio, tempera

NP(E0)3SDS
XsdS

ooouIhvoO

NP(E0)¥SDS
XS
0.0
02
05
03
10

NP(EQ)ifSDS

Xs0S

0.
0.
0.
0.
1

OOOUINO

. Foam height (cm)

0 min 5 min 20 min
8.70 6.50 3.0
190 165 155
20.1 17.6 16.3
20.7 191 171
220 20.2 196

_ Foam height (cm)
0 min 5 min 20 min
198 153 8.30
205 185 173
20.7 192 175
20.9 195 185
22.0 20.2 19.6

_ Foam height (cm)
0 min 5 min 20 min
20.4 18.0 125
20.1 184 165
20.4 18.7 15.7
20.8 18.9 18.0
22.0 20.2 19.6

ure = 30°C.

Stability index

Hmin 20 min
0.747 0.425
0.868 0.815
0.875 0.836
0.922 0.826
0918 0.891

Stability index

5 min 20 min
0.772 0419
0.902 0.844
0.928 0.845
0.933 0.885
0.918 0.891

Stability index

5 min 20 min
0.882 0.613
0.915 0.821
0.916 0.770
0.908 0.865
0918 0.891
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Table D_s Foam height and stability index of 0.01 M NP(EQ)g/SDS at different
mole ratio and temperature.

NPngEO g/SDS 1.0/0,0, cloud ﬁo_int:27°c o
Te @%t re . Foamneight cm) Stability index
0 min 5 r(;nn 20 min 5 min 20 min

45,0 3.20 210 130 0.656 0.406
50.0 280 180 110 0.643 0.393

NP(EQ)g/SDS 0,999/0,001, cloud Point: 31° o
Tem{ao%ﬁture . Foamheight (cm) Stability index
0 min 5 min 20 min 5min 20 min
200 12.7 113 10.0 0.889 0.787
25.0 12.6 11.2 10.0 0.888 0.793
30.0 125 110 6.60 0.880 0.528
310 120 1.60 6.00 0.633 0.500
35.0 8.50 6.00 4.80 0.706 0.565
40.0 5.70 5.50 450 0.965 0.789
45.0 5.00 4.70 3.80 0.940 0.760

N%EO g/SDS 0,998/0,002, cloud Point:46°c o
Te %t e . Foamheight cm) Stability index
0 min 5 min 20 min 5min 20 min
20.0 11.9 10.7 100 0.899 0.840
30.0 11.8 105 9.80 0.889 0.831
35.0 117 105 8.70 0.897 0.744
40.0 113 10.0 8.50 0.885 0.752
46.0 110 9.40 .80 0.854 0.709
50.0 6.00 5.80 .60 0.966 0.933
55.0 5.60 5.50 5.30 0.982 0.946



59

Table D-9 Foam height and stability index of 0.01 M NP(EQ)SDS at different
mole ratio and temperature.

NP(EQ)9SDS 1,0/0.0, cloud Ro_int:55°c o

Temperature . Foam neight (cm) Stability index |
(°C) 0 min 5 min 20 min 5min 20 min
200 191 16.6 8.60 0.842 0.436
30.0 198 153 8.30 0.772 0.419
40.0 20.8 151 2.40 0.725 0.115
50.0 209 4.10 1.00 0.196 0.048
55.0 211 2.50 0.00 0.118 0.000
60.0 111 1.30) 0.00 0.117 0.000
70.0 450 1.00 0.00 0.222 0.000

NP(E0)9SDS 0,999/0.001, cloud Point: o7°c s

Temperature . Foam height (cm) | Stability index |
(°C) 0 min 5min 20 min 5min 20 min
20.0 192 16.6 120 0.865 0.625
30.0 20.0 17.0 6.70 0.850 0.335
40.0 20.9 15.7 5.10 0.751 0.244
50.0 20.2 10.8 4.30 0.535 0.213
57.0 194 8.60 3.60 0.443 0.186
60.0 14.0 8.20 3.90 0.586 0.278
65.0 6.90 5.0 2.40 0.797 0.348
70.0 3.90 3.60 150 0.923 0.385

NP(EO)JSDS 0.998/0.002, cloud Point:61°c o

Temperature . Foam height (cm) Stability index
(°C) 0 min 5min 20 min 5min 20 min
30.0 19.6 16.9 115 0.862 0.587
40.0 20.4 16.8 11.1 0.823 0.544
50.0 199 155 6.60 0.779 0.332
5.0 20.2 11.6 540 0.574 0.267
61.0 19.6 10.2 4.30 0.520 0.219
65.0 11.3 8.40 390 0.743 0.345
70.0 4.30 3.70 1.10 0.860 0.256



56

Ta l? D-10 Foam helrgeht 0f 0.0 M NP(EQ)g/SDS 0.9/0.1 with or without NaCl
at different temperatu

NP(EO})g/SDS 0.9/0.1 NP(EO)dSDS 0.9/0.1 +0.035 NP(EO?\ISISDS 0.9/0.1 +0.075

(CP=93°C) M NaCl (CP = 46°C) M NaCl (CP = 31°C)

Temperature  Foam height ~ Temperature  Foam height ~ Temperature  Foam height
(°C) (cm) (°C) (cm) 5(:8 (cm)
20.0 16.5 20.0 148 0 143
25.0 16.1 25.0 149 25.0 141
30.0 15.8 30.0 15.0 30.0 13.9
35.0 16.2 35.0 151 31.0 141
40.0 15.6 40.0 155 35.0 12.2
45.0 15,5 46.0 16.1 40.0 7.2
50.0 15,5 50.0 121 45.0 4.9

55.0 11.6

l? D-Il Foam height 0f0.01 M NP(EQ)¥SDS 0.9/0.1 with or without NaCl
at different temperature,

NP(EQySDS 0.9/0.1 NP(EQySDS 0.9/0.1 +0.100 NP(EOySDS 0.9/0.1 +0.016
(CP> 100°C) M NaCl (CP = 61°C) M NaCl (CP = 57°C)

Temperature ~ Foam height ~ Temperature  Foam height ~ Temperature  Foam height
gc& (cm) (°C) (cm) (°C) (cm)

0. 20.8 30.0 20.4 20.0 19 8
30.0 22.1 40.0 A 30.0 20.9
40.0 22.3 50.0 21.6 40.0 21.2
50.0 21.4 55.0 21.4 50.0 20.0
55.0 20.9 61.0 20.3 57.0 19.3
60.0 21.0 65.0 15.8 60.0 14.2
65.0 20.4 70.0 8.50 65.0 7.30
70.0 20.3

Table D-12 Foam height of 0.01 M NP(EQ)io/SDS 0.9/0.1 with or without NaCl
at different temperature.

NP(EO),0/SDS 0.9/0.1 NP(EO)ISDS 0.9/0.1 +0.200  NP(E0)g/SDS 0.9/0.1 +0.500
(CP> 100°C) M NaCl (CP = 63°C) M NaCl (CP = 53°C)

Temperature ~ Foam height ~ Temperature ~ Foam height ~ Temperature  Foam height
(°C) (cm) (°C) (cm) (°C) (cm)
20.0 22.1 30.0 21.8 20.0 20.4
30.0 231 40.0 22.1 30.0 20.7
40.0 22.5 50.0 225 40.0 21.0
50.0 22.4 55.0 22.3 50.0 21.2
55.0 22.6 60.0 22.5 53.0 20.8
60.0 22.3 63.0 21.9 60.0 5.00
65.0 221 70.0 115 65.0 3.70

70.0 217
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Taple D-13 Foam helghtofOOl M NP(EQ)3SDS with or without NaCl at

different mole ratio and temperature.
NP(E0)8SDS
Cloud point = 31°c Cloud point = 46°c
Temperature 0-1 Xsds+  Temperature 0.1Xsds +
(°C) 0.001 X sds 0.075 M ofe) 0.002 X sds 0.035 M
NaCl NaCl
20.0 12.7 143 20.0 11.9 14.8
25.0 12.6 14.1 30.0 11.8 15.0
30.0 12.5 13.9 35.0 11.7 15.1
31.0 12.0 14.1 40.0 11.3 15.5
35.0 8.50 12.2 46.0 11.0 16.1
40.0 5.70 7.20 50.0 6.00 12.1
45.0 5.00 4.90 55.0 5.60 11.6

Table D-14 Foam height of 0.01 M NP(EQ)9SDS with or without NaCl at
different mole ratio and temperature.

NP(E0)JSDS
Cloud point = 57°c Cloud point=61°c
Temperature 0-1 Xsds+  Temperature 0.1 X sds +
co 0.001 X sds 0.160 M (°C) 0.002 Xsds 0.100 M
NaCl NaCl
20.0 19.2 19.8 30.0 19.6 20.4
30.0 20.0 20.9 40.0 20.4 21.3
40.0 20.9 21.2 50.0 19.9 21.6
50.0 20.2 20.0 55.0 20.2 214
57.0 19.4 19.3 61.0 19.6 20.3
60.0 14.0 142 65.0 11.3 15.8
65.0 6.90 7.30 70.0 4.30 8.50

Table D-15 Foam height 0f 0.01 M NP(EQ)3SDS with or without NaCl at
different mole ratio and temperature, cloud point = 27°c.

Foam height (cm)

Temperature (°C) X sds = 0 0.2 Xsds+ 0.200 M 0.4 Xsds+ 0.370 M

NaCl NaCl
20.0 12.4 15.2 19.5
25.0 12.9 14.7 19.6
27.0 12.8 16.3 19.4
30.0 8.70 14.7 19.0
35.0 4.90 10.8 18.0
40.0 4.60 5.80 16.4

45.0 3.20 5.80 16.3
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Appendix E: Shake test data.

T3a0 le E-I Foam height of SDS at different SDS concentration, temperature =
C.

Time Foam height (cm

(min) ~ 0.002M 0.004M 0006 M “0008M 0010M 0.020 M
8.75 8.85 9.25 9.80 101 10.2

8.50 8.72 9.00 9.75 10.0 101

8.10 8.23 8.75 9.72 9.80 991

1.10 8.02 8.44 9.70 9.73 9.85

5.80 1.65 8.35 9.60 9.50 9.50

SHhBoo

ble £-2 Foam height of 0.01 M NP(EO)g, NP(EQ)9.and NP(EQ),0 at different
TtgmﬁerEature, cloud pgint =21, 95, and(64)g respsectl\)/ely. (£0)

Temf%rature NP(EQ)g Temf)ecrature NP(EQ)9 Temf)ecrature NP(EQ)io

0.6 4.46 0.8) 595 0. 7.00
25.0 4.30 30.0 513 30.0 6.40
21.0 4.10 40.0 5.0 40.0 6.00
30.0 3.68 50.0 h.64 50.0 5.80
40.0 2.81 55.0 581 60.0 6.00

50.0 2.50 60.0 4.73 64.0 9.90



able E-3 Foam helght and stability index of 0.01 M NP
/S DS, and NP(EOQ)io

NP(E0)3SDS

X sds

NP

O)idSDS

0 min
3.08
6.35
1.34
8.78
10.1

0 min
5.13
6.78
7.50
8.74
101

0 min
6.40
6.92
7.85

101

Foam height (cm)

5 min
3.02
5,28
59
6.55
10.0

Foam height (cm)

Hmin
500
588
0.3/
1.35
10.0

Foam height (cm)

5 min
4.35
531
6.11
1.20
10.0

20 min

20 min
3.45
4.26
497
6.18
9.50

20 min
3.89
4.75
437
6.81
9.50

&EO

)y/SDS, NP(EQ)9
SDS at different mole ratio, temperature = 30°c.

Stability index

5min 20 min
0.821 0.508
0.831 0.636
0.908 0.641
0.894 0.759
0.992 0.941
Stability index
5min 20 min
0.873 0.602
0.867 0.628
0.849 0.663
0.841 0.707
0.992 0.941
Stability index
5min 20 min
0.679 0.608
0.767 0.686
0.778 0.731
0.780 0.738
0.992 0.941
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