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APPENDICES

Appendix A Technical data of nonionic surfactants (Hanabook of Industrial
Surfactant).

Technical Data for CO-610

lgepal CO-610 [Rhone-Poulenc Surf ] Nonoxynol.s (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/icm
(0.01 %), 100 Y0aCt,

Technical Data for CO-630

|gepal 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.
3L+ 2 F surf. Tens. 31 dynes/cm (0.01 %); toxicology: severe eye irritant;
LD50(oral, rat) 3 g/kg; 100 Y%act.
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Technical Data for CO-660

|gepal CO-660 [Rhone-Poulenc Surf] Nonolynol-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 vyel. 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. 3L dynesicm (0.01 %); 100 %act.



Appendix B Ross-Miles Test Data
Table B-I Foam height ofNP(EQ)g at different temperature

Temp _ Foam height of NP(EQ)g (cm )
(°C) First run Second run Average Standard

. . . . . . Deviation |
oM 5min omin 5min omin 5min o min 5min

o oo 115 BB 109 ne . 071 046
L 180 wo 125 s s 104 035 053
B B2 o 130 . Bl . 018 018
0 129 104 132 4, 131 107 o 039
22 120 w00 125 95 125 08 .o 035
24 123 98 124 99 123 98 007 007
26 11.8 9.3 11.8 9.3 11.8 9.3 0.00 0.00
B o 90 U3 83 i es 018 053
0 o 15 103 18 0. 16 018 018
0 77 65 12 50 75 57 03 106
N 13 40 73 35 13 38 s 03
600 74 39 69 36 71 37 0% 018
70 6.4 2.6 5.9 2.6 6.1 2.6 0.35 0.00
able B-2 Foam height of NP(EO,s at different temperature
Temp _ Foam height ofNP(EOQ)s (cm )
(°’C) First run Second run Average Standard
Deviation

oMin 5min omin 5min omin 5min omin 5min

w167 47 169 146 168 4T o 007
0 182 1S 10 135 176 145 08 14
0 11§ e 13 U3 176 144 03 018
40 169 14 182 07 115 Lo oss 053
£ 170 65 169 76 169 70 007 081
0 164 41 161 44 162 42 018 018
2 161 34 10 45 166 39 064 081
A 195 33 198 23 196 .. 018 071
% 170 13 U0 25 10 19 oo 085
B B4 . U0 ., BT 19 042 04
600 93 09 96 e 94 .. 018 046
65 5.3 0.8 4.9 0.8 5.1 0.8 0.28 0.00
0 41 07 41 05 4l o6  c00 014
80 4.1 0.6 4.1 0.6 4.1 0.6 0.00 0.00
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Table B-3 Foam height of NP(EQ)ioat different temperature

Temp . Foam height ofNP(EQ)10( cm )
(°C) First run Second un Average Standard
. . . . . . Deviation
oMIN 5mIn omin 5min omin 5min o min  5min
10 174 166 174 166 174 166

0 181 161 177 B7 179 B9 028 028
0 187 162 180 162 183 162 053 .00
0 179 1384 179 B6 119 B35 0. 018
N 174 ne U9 x 16 119 035 106
55 176 10.6 171 10.6 174 10.6 035 0.00
60 174 99 164 72 169 85 071 1%
62 1713 .. B3 51 163 56 14 07l
64 162 47 B7 55 160 51 035 053
66 21.1 41 21.2 47 21.2 44 007 042
es 202 A0 196 34 199 30 042 046
0 7 24 B3 s  BSH .. 028 042
n 12 W1 s .2 LT .o 071 035
80 52 1.2 52 1.2 52 1.2 0.00 0.00
Table B-4 Stability Index ofNP(EO)8at different temperature
Temp _ Stability Index of NP(EQ)s
(°C) First run Second run Average

1o 0.9 0.83 0.89

15 0.77 0.86 081

18 0.75 0.79 0.77

20 081 0.83 0.82

22 0.80 0.76 0.78

24 0.80 0.80 0.80

26 0.79 0.79 0.79

28 0.82 0.73 0.78

30 0.75 0.76 0.75

40 0.84 0.69 0.76

50 0.5 0.48 0.52

60 0.52 0.53 0.52

10 041 0.44 0.43



Table B-5 Stahility Index ofNP(EQ). at different temperature
Temp Stability Index of NP(EQ)s

(°C) First run Second run Average
10 0 88 0.87 0.87
20 0.85 0.79 0.82
30 0.2 0.83 0.82
40 0.67 0.59 0.63
45 0.38 0.45 0.42
50 0.25 0.2 0.26
52 0.21 0.26 0.24
5 0.17 011 0.14
5 0.08 0.15 011
5 0.12 0.16 0.14
60 0.10 0.16 0.13
6 0.15 0.16 0.16
10 0.17 012 0.15
80 0.15 0.15 0.15
Tahle B+ Stability Index ofNP(EQ)|0at different temperature
Temp _ Stability Index of NP(EQ)

(°C) First run Second run Average
10 0.96 0.96 0.9
2 0.89 0.89 0.89
30 0.87 0.90 0 88
40 0.75 0.76 0.75
50 0.73 0.62 0.67
o 0.60 0.62 0.61
60 0.57 0.44 0.50
62 0.3 0.33 0.34
64 0.29 0.3 0.32
66 019 0.22 0.21
68 0.13 0.17 0.15
10 0.15 012 0.14
5 0.24 0.2 0.25
80 0.23 0.23 0.23



Table B-7 Foam height 0f NP(EQ)s at 30 °c and 60 °c at different

concentrafions
Concentration Foam helght 0fNP(EO)s

(M) At 30 °c Appearance of
omin  5min o min 5m|n solution at 60 °c

0.0005 10.1 8.1 1.2 2.6 Clear

0.001 11.3 8.8 04 1.6 Clear

0.003 146 124 12.6 47 Clear

0.005 165 117 5.2 19 Cloudy

0.01 17.2 134 8.7 19 Cloudy

0.02 177 141 132 55 ClOUdy

Table B« Foam height of dilute phase of NP(EQ)g at phase separation
temperatlre of 25 °c

Temp Foam height of dilute phase at F)phase separation temperature of 25 °c

First run Second run Average Standard
Deviation

o Min 5®m omin. 5min omin 5min omin 5min

—
~

10 11.0 ' 11 10.3 11.00 10.35 0.00 0.07
o U4 80 U4 9T 1M 90 eee 007
n 19 87 s 85 18 88 o o
d» 59 54 59 52 58 523 oo 009
45 48 33 43 43 430 .. 03 071
oo 43 B 42 30 420 313 007 018

Table B-9 Foam height of dilute phase 0fNP(EO)g at phase separation
temperattire of 35 °c

Temp Foam height of dilute phase at Pphase separ%tlon temperature of 35 °c
8 Cm
First run Second run 0 Average Standard
_ _ Deviation
omin - 5min omin 5min omin 5min - o min  5Smin
75 98 75 10.00 750 028 0.00

o 105 so 105 78 1050 790 o0 0.4
5 U3 so  ws 10 oo 720 035 071
0N L so 9 s 100 830 014 042
H 15 s e 18 1105 780 064 014
0 U4 74 U4 74 LA T4 oo 000
33 25 40 40 363 265 053 106
% 43 33 42 30 42 313 007 018
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Table B-10 Foam height of d|Iute phase of NP(EQ)g at phase separation
temperature of 45

Te(ngp Foam height of dilute phase at Pphase separation temperature of 45 °c

First run Second run Average Standard
Deviation
oMiN - 5min omin 5min omin 5min omin  5min
10 D 13 15 15 750 740 o0 014
20 5 es 15 12 150 700 o0 028
0 ez 15 THh s 185 710 049 049
0 sz es 76 70 780 690 042 014
H  so  es 10 65 750 650 071 (.18
0 17 6o 11 58 110 so0 o000 028
716 .. 18 78 768 555 .. 117
0 83 52 77 46 eo0 490 042 042
o 43 33 42 30 420 313 007 0.8
Table B-I. Foam height of d|Iute phase 0fNP(EO,s at phase separation
temperature of 55
Temp  Foam height of dilute phase at phase separation temperature of 55 °c
°C _ 0fNP(EQ)9( cm
First run Second run Average Standard

_ : , _ , Deviation
oMN 5min omin 5min omin Smin o m

N 5min
25 160 139 160 140 1600 1395

0.07

169 W07 168 uo 1685 108 007 ..
£l 79 170 70 1705 780 007 Q.60
0 160 53 160 57 1600 550 600 028
% 156 46 155 45 15B5 45y 007 007
00 147 24 153 25 1500 260 042 007
60 147 25 W9 25 1480 250 014 oo
0 39 14 40 14 38 1A 007 oo
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Table B-12 Foam height of dilute phase of NP(EO)s at phase separation
temperature of 70 °C

Temp  Foam height of dilute phase at phase separation temperature of 70 °c
°C _ 0fNP(EO)9( cm
First run Second run Average Standard
_ _ _ _ _ Deviation
oM 5min omin 5min omin 5min o min  5min
5 w0 90 o 90 1005 900 007 .0
H 105 1005 900 o000 028

9.2 8.9
105 0 US 79 U0 74 oo 064
0 124 38 125 40 1245 390 007 0.4
w124 69 s s 1200 68 042 007
00 124 .. 125 30 1240 290 007 0014
b 123 15 L7 19 1250 1710 028 028
0 we w6 17T 46 1165 160 007 o.00

Table B-13 Foam height of dilute phase of NP(EQ)io at phase separation
temperature of 70 °c

Temp Foam height of dilute phase at phase separation temperature of 70 °c
of NPFEO)IO (cm)
First run Second run Average Standarad
_ _ _ _ _ _ Deviation
omin 5min- omin 5min omin 5Smin o min  5min

25 s 90 107 ss 1075 ess 005 018
B 103 90 107 90 1050 900 028 oo
15 70 U5 71 U0 706 oo 007
w124 69 123 .s 1235 68 007 007
70 12.0 1.6 12.2 1.6 12.10 1.60 0.14‘ 0.00
75 12.0 1.0 12.0 14 12.00 1.20 0.00 0.28
0 119 05 . 07 .o 060 014 014
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Table B-14 Foam height of%ap(ervate phase of NP(EQ)g at phase separation
temperature of

Tg&p Foam height ofcoacervate phase at %hase separation temperature of

First run Second run Average Standard

, _ Deviation
omn  5min omin 5Smin omin 5min o min  5min
25 15 1.2 15 1.2 150 1.20 0.00 0.00
3 58 41 51 31 545 358 049 067
45 6./ 35 72 27 6% 308 035 053
% 127 32 B3 33 1300 325 042 007

Table B-15 Foam height of coacervate phase ofNP(EQ)g at phase separation
temperature of 35 °c

Temp  Foam height of coacervate phase at p)hase separation temperature of
C 3 °c of NP(E
First run Second run Average Standard
_ , Deviation
omin  5min omin 5min omin 5Smin o min  5min
o 07 4 es 123 075 018 007
H 38 3 35 32 363 3B 05 o
53 50 43 513 438 018 0.8
B B3I we 120 o wes 1138 053 053

Table B-16 Foam height of coacervate phase ofNP(EQ)g at phase separation
temperature of45 °c

Temp  Foam height ofcoacervate phase at %hase separation temperature of
°C) 45 °c ofNP(E
First run Second run verage Standarad
_ _ , _ Deviation
omin 5min omin 5Smin omin 5min omin 5min

25 05 0.2 05 03 050 025 o000 007
3H 14 1.0 1.6 10 150 100 024  0.00
45 47 2.0 43 19 445 1% o021 007
5 8.2 0.8 8.8 15 850 115 042 049
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Table B-17 Foam height of%aftervate phase ofNP(EO)9at phase separation
temperature of

Temp  Foam height of coacervate phase at phase separation temperature of
°C 55 °c of NP(EO)9( cm)

First run Second run Average Standard

_ _ , , , _ Deviation

oM 5min omin 5min- omin 5min o min  5min

2 W4 7T U2 127 148 1266 018 0.0

B 134 104 132 107 1330 105 014 .

4 BS Lo B 19 B UKD 00 007

™ w2 b0 e oer 1240 580 028 042
0 77 w77 13 TI00 120 000 014

Table B-18 Foam height of coacervate phase 0fNP(EOs at phase separation
temperature of 70 °c

Tg@p Foam height ofcoacervate phase q Ephase separation temperature of

0°c of NP(EO)s (cm')

First run Second run Average Standard

_ , : Deviation
omin 5min omin 5min omin 5min o min  5min
25 00 OO OO OO 0.00 0.00 0.00 0.00
H» 07 07 05 05 060 060 014 014
45 1309 10 o6 115 075 o2 oa
» 63 43 59 39 .0 410 028 028
0 107 17 105 15 1060 160 014 014

Table B-19 Foam height of coacervate phase ofNP(EQ)io at phase separation
temperature of 70 °c

Temp  Foam height of coacervate phase at Bhase separation temperature of
°C 70 °c of NP(EQ)io( cm )
First run Second run Average Standard
_ , _ , Deviation
omin 5min omin 5min omin 5min o min  5min
5 owa 91 . 92 1915 007 007
H o 89 U3 90 w0 8% 014 007
o N3 78 U3 s UD s 028 oo
% e o2e 107 27 1075 275 007 007
0 109 . e o2 109 L5 007 007



Appendix ¢ Surfactant concentration in liquid foam data
Table C-I Surfactant concentration in liquid foam of NP(EQ)g

Temp (°c)  Surfactant concentration in quéjid foam of NP(EQ)y (M)
20 0.0237

22 0.0219
23 0.0226
24 0.0219
20 0.0216
30 0.0131

Temp(°c Surfactant concentration in liguid foam of NP(EQ)g (M
f8( ) 002q47 (E0)y (M)

50 0.0243
52 0.0231
53 0.0221
4 0.0252
5 0.0249
20 0.0190
20 0.0159
60 0.0130

Table C-3 Surfactant concentration in liquid foam of NP(EQ)io
Tem% O(°c) Surfactant concentration in Iiguid foam of NP(EQ)io (M)

0.0205
02 0.0208
04 0.0208
65 0.0208
66 0.0233
6/ 0.0225
68 0.0211
10 0.0210

12 0.0117



Appendix D Surface tension data
Table D-I Surface tension of NP(EO)g

Surface tension of NP(EO)s ( raN/m)
31.00

30.83
30.70
30.72
30.67
30.69
30.5

Surface tension 0f NP(EO)s ( mN/m)
30.84



Appendix E Technical Data
Table E-I Technical data of each raw material

Surfactants Cloud point  Molecular Density CMC*

speci] |cat|on weight (glems) (mole/l )
NP(EQ)s 2(2 28 572 105 4.4*1015
NP E09 52-56 016 105 6.7 105
NP O;m 60-65 660 1.06 6.8%10'5

* From Handbook of surfactants

Table E-2 Comparlson of concentrations of the surfactant solution in different
units

Surfactants  Molecular weight Concentration
Wt% M
NP E(())g h72 1 0.0175
NP(EO)s 616 1 0.0162
660 1 0.0152
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