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APPENDIX

Appendix A Details of Equipment

TABLE A-l
The Information of Equipment

Equipment Manufacture Model
Centrifugal Pump Marathon Electric XQN56C34F5534A
12 -3/8 hp
Serial No. GG 14328
Feed Flow Meter ~ Gilmont Instrument. Inc. Tube size 240
Float type glass
Nozzle Spray Pennyful (Thailand) Nozzle size 4 inch.
CO..Ltd. 500, PVDF

Model E-83251-10
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Appendix B 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,
lubricant; 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 Yact.

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.
31 + 2 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

|gepal 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. lig., 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/cm (0.01 %); 100 %act.
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Appendix ¢ Ross-Miles Test Data

Table C-I' Foam height of NP(EQ)g at each concentration

Tem Foam height of NP(EQ)g
(° CE) 0,01 vol% 01 vol% 1.0vol%
omn 5Smin  omn Smn 0mn  5min
10 4.05 3.90 8.50 1.60 1025 935
20 3.40 3.05 1000  7.70 10.00 8.85
30 3.50 2.90 540 3.40 150 3.50
40 355 2.40 4.10 3.20 5.60 3.05
50 3.15 1.25 4.60 1.70 485 1.35
60 3.50 0.95 9.20 0.90 6.60 2.20
10 3.60 0.75 1050 070 7525 1.00

Tahle C-2 Foam height of NP(EQ)9 at each concentration

Tem Foam height OfNP(EQ)9
(° CS) 0,01 vol% 01 vol% 1.0vol%
omn  5mn  O0mn  Smin 0omn  5mmn
10 4475 4.5 1200 1145 1860 1790
20 500 4.35 1290 1215 1930 1865
30 580 4725 1310 11525 2110 19.00
40 5475 355 12725 7125 1850 1.3
50 5.05 3.05 1350=="ux1% 19.80 1.25
60 4.15 1.55 11.40 1.35 1550 1.10
10 3.00 0.20 1.15 0.70 440 0.70

Tahle C-3 Foam height of NP(EQ) 10 at each concentration

Tem Foam height of NP(EO)io
(° CSJ 0.01 vol% 01 vol% 10vol%
omn 5Smin O0omn  Smin 0mn  5mnn
10 550 4.80 1310 1110 198 1740
20 h55 500 1380 11375 2050 1840
30 6.60 555 1425 1280 2160 1875
40 6.00 4.30 1530 1080 2105 1510
50 5.90 1.70 153 545 2185 1090
60 595 1.45 1430 205 1995 225
10 4.80 0.90 1225 080 2060 085
80 410 0.55 7.00 0.40 585 0.65



Table C-4 Stability Index of NP(EQ)g at each concentration

Te Stability index of NP EOga
(°C§) at each concentration (vol%)
001 0.10 I
10 0.9 0.89 0.91
20 0.90 0.77 0.89
30 0.83 0.63 0.47
40 0.68 0.78 0.54
50 0.40 0.37 0.28
60 0.27 0.10 0.33
10 0.21 0.07 0.13
Tahle C-5 Stability Index of NP(EQ)9 at each concentration
Temp Stability index of NP Eogg
(0 at each concentration (vol%)
0.01 0.10 1
10 0.95 0.95 0.96
20 0.87 0.94 0.97
30 0.81 0.88 0.90
40 0.64 0.56 0.07
50 0.60 0.38 0.06
60 0.37 0.12 0.07
10 0.07 0.10 0.16
Table C-6 Stability Index of NP(EQ)io at each concentration
Temp Stability index ofNP(EO?lO
(0 at each ‘concentration (vol%)
0.01 0.10 1
10 0.87 0.85 0.88
20 0.90 0.82 0.90
30 0.84 0.90 0.87
40 0.72 0.71 0.72
50 0.29 0.36 0.50
60 0.24 0.14 0.11
10 0.19 0.07 0.04
80 0.13 0.06 0.11
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Appendix D : Spray Test Data

Table D-1 Foam height of 0.01 vol% NP(EQ)9at each temperature
Temp = 30°c : Original foam height = 10.2 cm. Temp = 40°c : Original foam height = 104 cm.

Foam height at each minute Foam height at each minute
110 1120 21-30 31-40 41-50 51-60 10 1120 21-30 3140 41-50 51-60
18 202 U4 2571 By BT 16 204 254 269 27 6]
135 205 246 257 258 BT 132 209 256 269 27 267
158 22 08 BT 258 256 We 25 258 20 21 %6
162 224 2% 258 258 256 59 29 2% 21 269 26
1221 61 258 258 256 7284 262 21 269 266
179 21 B2 258 258 256 179 28 264 271 269 265
187 235 253 258 258 256 182 242 25 21 268 265
194 237 B4 B8 B 256 196 245 266 271 268 265
20 24 K5 58 BF B 202 248 267 21 267 265
206 242 256 258 257 25 208 202 268 21 267 24
Temp = 50°c : Original foam height = 10.7 cm. Temp = 55°¢ : Original foam height = 10.3 cm.

Foam height at each minute Foam height at each minute
10 1120 21-30 31-40 41-50 51-60 110 1120 21-30 3140 41-50 51-60
1w 20 52 266 264 257 28 4 U7 1 BT KBS
131215 255 267 264 251 34 219 249 257 B71  B5
Ws 21 B71 267 263 57 W9 23 B1 51 BT B
157 226 259 267 262 258 162 228 252 251 X1 55
166 21 26 267 261 28 74 82 B3 B§ BT 255
175 235 262 267 261 258 81 25 254 258§ B71 BS
184 24 263 266 26 258 19 238 254 258 256 55
192 243 264 266 259 258 197 241 %55 B1 565 255
198 246 265 206 258 258 03 203 255 B7 55 B5
204 249 266 265 257 258 209 245 256 571 K5 B4
Temp = 60°c : Original foam height = 10.4 cm. Temp = 70°c : Original foam height = 10.7 cm,

Foam height at each minute Foam height at each minute
110 1120 21-30 31-40 41-50 51-60 10 1120 21-30 31-40 41-50 51-60
s 20 41 256 2571 254 22 A U3 U9 AT 202
128 206 244 256 2571 253 136 205 244 249 206 202
Ml 201 246 257 257 253 Wy 2 U5 U9 U6 243
Bl 216 248 27 257 253 6 224 246 2048 U4 UL
6 21 249 257 256 253 169 227 247 4§ U3 U4
168 225 61 257 256 253 07 21 48 247 242 243
75 28 252 257 256 253 185 284 248 U7 U2 U3
182 232 254 %71 B4 252 91 237 48 247 U2 U3
187 286 255 257 254 252 198 239 248 247 242 243

195 239 256 27 24 252 203 A1 249 AT U2 U3



Table D-2 Foam height of 0.1 vol% NP(EQ)q at each temperature

Temp=30°c Original foam height = 1L.3 cm,

1-10
127
144
162
178
185
196
20.6
215
20.2
229

Temp =50°c Original foam height = 10.2 cm,

1-10
116
131
146
16
169
18
189
197
20.5
21.2

Temp = 60°c : Original foam height = 10.5 cm,

1-10
125
138
15l
163
174
182
189
196
20.2
20.6

Foam height at each minute
1120 21-30 31-40 41-50 51-60

236
241
247
25.2
25.7
26.2
26.7
211
21.5
218

28.2
28.5
28.7
29
29.2
294
29.5
291
29.8
29.9

30
30
01
30.2
303
30.3
304
304
30.5
30.6

30.5
30.5
30.5
30.5
30.5
30.5
30.5
30.5
304
304

Foam height at each minute
1120 21-30 31-40 4150 51-60

219
20.5
31
231
241
24.6
5.1
254
258
26.1

264
26.71
26.9
211
21.3
215
216
207
219
28

28

28
281
28.1
281
281
281
281
281
281

281
281
28
28
219
219
219
219
218
218

Foam height at each minute
1120 2130 31-40 41-50 51-60

211
216
219
222
205
20.8
23.2
234
23.6
238

24
24.2
244
245
247
248

2
2.1
25.2
254

25.5
25.5
25.6
25.1
25.1
20.8
20.8
20.8
25.8
258

251
29.5
20.3
1
243
245
24.3
241
239
238

304
304
303
30.3
30.2
30.2
301

30
29.9
29.8

218
218
2138
21.8
218
218
218
218
218
218

236
23.6
234
234
234
234
234
234
239
235

Temp = 40°c : Original foam height = 10.9 cm,

110
121
137
1l
16.5
176
187
196
204
21
218

Foam height at each minute
11-20 21-30 31-40 41-50 51-60

2.5
23.2
238
244
249
254
259
264
268
211

214
207
28
28.2
284
28.6
28.8
28.9
29
2.1

29.2
29.2
29.3
294
294
294
294
294
294
294

294
294
29.3
29.3
29.3
29.2
292
291
29
29

28.9
28.8
28.7
28.5
28.5
28.5
285
285
284
284

ol

Temp =55°c Original foam height = 114 cm.

1-10
125
il
15
161
17
179
187
194
201
20.7

Foam height at each minute
11-20 21-30 31-40 41-50 51-60

213
218
20.2
21
3.1
23.6
239
24.2
244
246

24.8
2
25.2
20.3
20.5
20.5
256
258
259
26

26
26.1
26.1
26.1
26.1
26.1
26.1
26.1
2.1

26

26

26

26
259
258
258
258
25.1
5.1
25,6

256
256
256
25.5
29.5
25.5
25.5
205
200
25

Temp =70° Original foam height = 0.7 cm.

1-10
121
135
149
161
171
179
187
192
198
203

Foam height at each minute
11-20 21-30 31-40 41-50 51-60

209
213
219
224
2.9
234
23.8
241
244
24.8

249
5.1
254
256
258
25.9
261
26.2
26.2
26.2

26.2
26.2
26.2
261
26.1
26
259
258
25.7
256

20.5
204
25.3
25.2
5.1
2
249
249
248
248

247
247
247
246
246
246
24.6
246
246
246



Tahle D-3 Foam height of 0.5 vol% NP(EQ)9at each temperature

Temp = 30°C : Original foam height = 10.8 cm. Temp = 40°C : Original foam height = 10.9 cm.
Foam height at each minute Foam height at each minute
1-10  11-20 21-30 31-40 41-50 51-60 1-10  11-20 21-30 31-40 41-50 51-60
124 235 296 332 349 356 21 232 29 329 348 356
142 242 30 33.4 35 35.6 139 238 295 332 349 357
158 248 305 336 351 357 155 244 30 33.4 35 35.8
171 255 3l 338 3H1 38 168 251 305 336 35 35.8
184 261 314 34 3562 359 18 258 309 338 351 359
196 267 318 341 353 359 19 264 313 34 356.2 359
205 214 321 342 353 359 20 269 317 342 353 36
213 279 323 344 354 36 20.8 275 32 344 353 36
22 285 327 346 355 36 21.6 28 323 345 354 36
228 291 329 348 356 361 225 285 326 347 356 361
Temp = 50°C : Original foam height = 10.9 cm. Temp = 55°C : Original foam height = 10.6 cm.
Foam height at each minute Foam height at each minute
1-10  11-20 21-30 31-40 41-50 51-60 1-10 11-20 21-30 31-40 41-50 51-60
123 228 215 30 311 314 12 246 31.2 33 319 306
14 234 2718 301 311 314 133 255 315 329 318 305
156 239 282 303 311 314 147 263 319 328 317 305
169 245 285 305 311 314 16.3 21 322 326 315 305
18 25 28,7 306 311 314 179 278 324 326 314 305
19 254 29 307 312 313 192 284 326 325 312 305
199 259 292 308 32 313 205 291 327 324 311 306
207 263 294 309 33 313 21,7 296 329 323 309 307
215 267 297 31 5 312 22,1 302 33 322 308 308
222 212 299 31 a4 312 23.7 308 33 32 30,7 30.9
Temp = 60°C Original foam height = 10.8 cm. Temp = 70°C : Original foam height = 10.7 cm.
Foam height at each minute Foam height at each minute
1-10  11-20 21-30 31-40 41-50 51-60 1-10  11-20 21-30 31-40 41-50 51-60
122 239 285 294 285 2713 125 211 228 239 243 245
136 246 287 294 283 2713 142 213 229 239 243 245
15 252 289 294 281 2713 156 215 23 239 244 245
168 258 29 29.3 28 21.3 169 217 232 24 244 246
182 263 292 293 278 213 18 219 233 241 244 246
195 268 293 291 217 274 187 221 234 241 245 247
207 2712 294 29 215 274 194 223 235 241 245 247
216 276 294 289 214 274 199 224 236 242 245 247
224 28 294 288 214 214 204 226 237 242 245 247

232 283 294 286 213 274 207 227 238 243 245 247



Table D-4 Foam height of 1.0 vol% NP(EO)9at each temperature

Temp = 30°C Original foam height = 10.8 cm. Temp = 40°C : Original foam height = 10.9 cm.
Foam height at each minute Foam height at each minute
1-10  11-20 21-30 31-40 41-50 51-60 1-10 1120 21-30 31-40 41-50 51-60
2 232 292 329 349 353 124 22 215 312 329 339
137 239 297 332 3 33 139 227 219 314 33 339
151 246 301 335 3 353 152 233 284 317 332 34
163 253 304 337 352 353 163 239 289 318 333 34
176 259 309 339 352 33 173 245 292 32 334 341
187 265 313 342 352 353 182 25 296 322 335 342
198 271 317 343 352 354 191 255 299 324 336 342
207 276 319 345 352 355 199 26 302 326 337 343
216 282 321 347 352 355 206 265 305 327 337 344
224 288 325 348 352 355 213 21 309 328 338 344
Temp = 50°C : Original foam height = 10.6 cm. Temp = 55°C : Original foam height = 10.8 cm.
Foam height at each minute Foam height at each minute
1-10 11-20 21-30 31-40 41-50 51-60 1-10 11-20 21-30 31-40 41-50 51-60
122 222 212 299 312 32 124 258 316 327 316 309
41 228 276 301 313 321 142 266 319 327 315 309
153 234 279 303 314 322 16 2715 321 327 314 3
166 24 283 305 315 322 172 282 323 325 312 31
176 245 286 306 315 323 185 288 325 324 3 311
185 25 289 308 316 324 201 294 326 322 3 311
194 255 291 309 317 324 215 30 327 32 3 3L
201 26 293 31 318 324 227 304 327 319 3 311
209 265 295 31 319 324 239 309 327 318 309 311
216 269 297 311 32 324 248 313 327 317 309 311
Temp = 60°c Original foam height="11 cm. Temp = 70°C : Original foam height = 10.8 cm.
Foam height at each minute Foam height at each minute
1-10  11-20 21-30 31-40 41-50 51-60 1-10  11-20 21-30 31-40 41-50 51-60
122 253 304 32 315 304 123 231 265 274 211 26
138 261 306 319 313 304 143 236 267 215 21 259
158 267 309 319 311 304 159 241 269 275 269 259
w7 213 31 319 3 305 173 245 21 215 267 259
192 279 312 318 309 306 185 249 211 215 266 259
205 284 314 317 309 307 195 2563 272 215 264 259
216 289 317 317 309 307 204 256 273 274 263 259
227 293 318 3L7 307 307 211259 273 2713 261 259
235 297 319 317 306 308 219 261 2714 2712 26 26

244 301 32 317 305 308 225 263 214 212 26 26



Table D-5 Foam height of 0.01 vol% NP(EQ)]0at each temperature

Temp = 40°C Original foam height = 11.3 cm.

1-10
12.5
13.8
15.3
16.4
177
18.5
19.4
20.3
211
21.8

Temp

1-10
12.3
14
15.6
16.9
179
18.6
194
20
20.6
21.3

Temp

10
114
13
145
15.7
16.8
17.9
18.8
19.6
204
21.2

Foam height at each minute
11-20 21-30 31-40 41-50 51-60

22.7
23.3
23.9
24.4
24.9
254
25.8
26.2
26.6
26.9

= 60°C

21.2
21.5
21.7
28
28.2
28.3
284
28.6
28.8
28.9

29.1
29.2
29.2
29.3
29.3
29.3
29.3
29.3
29.2
29.2

29.1
29
29
29

28.9

28.9

28.8

28.7

28.6

28.6

Original foam height =

Foam height at each minute
11-20 21-30 31-40 41-50 51-60

21.9
22.5
23
23.5
24
24.4
24.8
25.1
254
25.7

25.9
26.1
26.3
26.5
26.6
26.7
26.8
27
27.1
21.2

21.2
21.3
21.3
21.2
21.2
21.2
21.2
21.1
27
27

211
21.1
27
27
27
21
26.9
26.9
26.8
26.8

= 70°C :Original foam height =

Foam height at each time

20
21.9
22.5
23.1
23.6

24
24.5
24.9
25.2
25.5
25.8

30
26
26.3
26.5
26.7
26.8
26.9
27
27
27
21.1

40
27.1
27.1

27

27

27
26.9
26.8
26.7
26.6
26.5

50
26.3
26.3
26.2
26.2
26.1

26

26

26
25.9
25.9

28.6
28.5
28.5
28.5
28.5
28.5
284
28.3
28.3
28.3

11.2 cm.,

26.7
26.7
26.7
26.7
26.6
26.6
26.6
26.5
26.5
26.5

10.3 cm.

60
25.9
25.9
25.8
258
25.8
25.1
25.1
25.7
25.7
25.1

54

Temp = 50°C : Original foam height = 10.7 cm.

1-10
11.8
135
14.8
15.9
i
18
18.9
19.7
20.5
21.2

Foam height at each minute
11-20 21-30 31-40 41-50 51-60

21.9
22.6
23.3
24
24.5
25
25.6
26
26.4
26.7

27
21.3
21.5
21.6
21.8

28
28.1
28.2
28.3
28.4

28.5
28.6
28.8
28.8
28.8
28.9
28.9
28.9
28.9
28.9

28.8
28.7
28.6
28.62
284
284
284
28.5
28.5
28.5

Temp = 65°C : Original foam height =

1-10
121
13.9
154
16.8
17.8
18.6
19.3
20.1
20.8
21.5

Foam height at each minute

11-20 21-30 31-40 41-50

22.2
22.8
23.5
24
24.5
25.1
25.1
26
26.4
26.6

26.9
21.2
274
21.5
21.7
21.9
28.1
28.1
28.3
28.3

28.3
28.3
28.2
28.2
28.2
28.1
28.1
28.1
28
27.9

278
21.8
21.7
21.7
21.6
21.6
21.5
27.4
21.3
21.3

28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5

10.9 cm.

51-60
27.2
27.2
27.2
27.2
27.2
27.2
211
21.1

27
27



Table D-6 Foam height of 0.1 vol% NP(EQ)|0at each temperature

Temp = 40°C Original foam height = 11.7 cm.

1-10
13
147
16.1
172
18.2
19.1
19.9
20.7
213
22.1

Temp

1-10
11.9
135
15.1
16.1
175
184
19.1
19.7
20.3
20.9

Temp

1-10
12
13.8
15
16.4
177
18.9
19.6
20.2
20.7
21

Foam height at each minute

11-20 21-30 31-40 41-50 ©51-60

22.7
23.3
23.9
24.5
25.1
25.5
26
26.4
26.9
21.3

= 60°C

21.7
28.1
28.5
28.8
29.2
29.5
29.9
30.1
304
30.6

30.9
312
315
317
318
32
32.2
324
32.5
32.6

32.8
32.8
33
33.1
33.2
33.3
334
33.5
33.5
33.6

:Original foam height =

Foam height at each minute

11-20 21-30 31-40 41-50 51-60

214
22
224
22.9
23.3
23.7
24.2
24.5
24.8
25

= 70°C : Original foam height = 10.5 cm.

25.2
254
25.6
25.8
25.9
26.1
26.3
26.4
26.5
26.6

26.7
26.7
26.7
26.8
26.8
26.9
26.9
26.9
26.9
26.9

26.9
26.9
26.9
26.9
26.9
26.9
27
27
21.1
211

Foam height at each minute

11-20 21-30 31-40 41-50 51-60

21.3
21.5
217
21.9
22.1
22.3
224
22.6
22.7
22.8

22.9
23
23.2
23.3
23.3
234
23.5
23.5
23.5
23.5

23.6
23.6
23.7
23.7
23.8
23.9
23.9
24
24
24.1

24.1
24.2
243
243
243
244
244
24.5
24.5
24.6

33.7
33.7
33.7
33.8
33.9
33.9
34
34
34
34

10.6 cm.

27.2
21.3
21.3
21.3
274
21.5
21.5
21.5
21.5
21.5

24.6
24.7
24.7
24.8
24.8
24.8
24.9
24.9
25
25
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Temp = 50°C : Original foam height = 11.3 cm.

Foam height at each minute

11-20 21-30 31-40 41-50 51-60

28.4
28.9
29.4
29.7
30
304
30.6
30.8
3
312

314
315
316
316
317
317
318
317
315
312

312
312
312
312
312
312
31.2
311
311
311

312
312
312
31.2
31.2
312
31.2
31.2
31.2
31.2

:Original foam height = 11cm.

Foam height at each minute

11-20 21-30 31-40 41-50 51-60

1-10
127 229
144 235
159 241
172 240
182 251
192 257
201 26.3
208 269
215 215
22.2 281
Temp = 65°C
1-10
12.2 23
142 234
158  23.8
17 24.2
18 24.6
192 249
203 252
211 255
218 258
224 261

26.3
26.5
26.7
26.9
27
211
27.2
274
21.5
27.6

217
21.8
27.8
27.9
27.9
27.9
28
28
28
28.1

28.1
28.1
28.1
28.1
28.2
28.2
28.2
28.2
28.2
28.2

28.2
28.2
28.2
28.2
28.2
28.2
28.1
28.1
28.1
28.1



Table D-7 Foam height of 0.5 vol% NP(EQ),0at each temperature

Temp = 40°C : Original foam height = 11.3 cm.

1-10
12.7
145
16.1
17.6
18.9
20
2
21.9
22.8
23.8

Temp

1-10
12.6
145
16.2
178
19
20.1
2
21.8
22.6
23.4

Temp

1-10
12.6
144
15.8
16.9
18.1
195
20.7
21.9
22.8
23.1

Foam height at each minute
11-20 21-30 31-40 41-50 51-60

24.8
25.6
26.4
27.2
27.9
28.6
29.2
30.1
30.7
314

= 60°C

32
324
33.1
337
34.2
34.9
355

36
36.5
37.1

- Original foam height = 113 cm.

37.6
37.9
38.3
38.7
39.1
395
39.8
40.1
40.3
40.4

40.4
40.6
40.7
40.8
40.9
41
41
41
41
41.1

Foam height at each minute

11-20 21-30 31-40 41-50 51-60

23.9
24.6
25.2
258
26.3
26.9
274
27.8
28.3
28.7

=70°

29.1
29.5
29.9
30.3
30.6
30.8
3l
31.3
314
31.6

Original foam height =11.1 cm.

31.8
32
32.1
322
32.2
32.3
32.3
32.5
32.6
32.7

32.7
32.6
32.6
32.3
32.1
317
315
312
31
30.6

Foam height at each minute

11-20 21-30 31-40 41-50 51-60

245
252
25.8
26.4
27.1
21.5
28
28.4
28.6
28.9

29.2
29.4
29.5
29.6
29.7
29.7
29.7
29.7
29.7
29.7

29.7
29.6
29.5
29.1
29
28.9
28.7
284
28.3
28.1

27.8
21.7
21.5
274
27.2
211
27
26.9
26.9
26.8

412
413
415
417
41.8
41.9
41.9
41.9
42.1
42.2

30.3
30
29.6
294
293
29.2
29
28.9
28.8
28.7

26.8
26.8
26.8
26.7
26.7
26.7
26.7
26.7
26.7
26.7
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Temp = 50°C : Original foam height = 11.2 cm.

1-10
12.6
145
16.1
17.2
18.3
19.2
20.1
21
217
22.5

Foam height at each minute
11-20 21-30 31-40 41-50

23.3
24
24.7
25.4
26.3
211
27.8
28.7
29.6
29.8

30.3
30.8
314
31.9
324
32.9
333
33.8
34.2~
347

34.8
35.1
355
35.9
36.3
36.7
36.9
313
37.5
37.8

38
38.3
38.6
38.8
39.1
39.3
39.3
39.3
39.5
39.7

Temp = 65°C Original foam height =

1-10
12.5
141
158
iy
182
19
19.8
204
21
21.5

Foam height at each minute

11-20 21-30 31-40 41-50

22
224
22.9
23.3
23.7
24
24 4
247
25
25.3

25.6
25.9
26.2
26.4
26.6
26.8
26.9
27
21.1
21.1

27.2
27.2
21.2
21.2
27.1
27
26.9
26.7
26.6
26.5

26.4
26.3
26.3
26.3
26.3
26.3
26.3
26.3
26.2
26.2

51-60
39.9
40.1
40.3
405
40.8
41.1
413
42.1
42.1
42.1

10.8 cm.

51-60
26.2
26.2
26.2
26.2
26.2
26.2
26.3
26.3
26.3
26.3



Table D-8 Foam height of 1.0 vol% NP(EQ)i0at each temperature

Temp = 40°C : Original foam height = 11cm.

1-10

127
149
16.4
17.9
19.1
20.3
21.2

22.2
23.1
24.1

Temp

1-10

12.4
144
16
173
184
19.5
20.5
214

22.2

23

Temp

1-10

12.3
143
16
17.3
18.5
194
20.4
214
22.5
23.5

Foam height at each minute

11-20
25
25.7
26.6
27.4
284
29
29.8
30.6
311
31.9

21-30 31-40 41-50 51-60

32.6
33.1
33.8
344
34.9
35.5
36.1
36.6
311
31.7

38.2
38.6
39
39.5
40
40.4
40.8
41.3
417
42

424
427
43.2
43.6
44
44.4
44.8
45.2
45.6
46.2

=60°C Original foam height =

Foam height at each minute

11-20

23.7
24.4
25.1
25.7
26.3
26.9
21.5
28
28.5
29

= 70°

21-30 31-40 41-50 51-60

294
29.9
304
30.8
31.2
316
32
324
32.7
33.1

: Original foam height=11.1 cm.

33.5
33.8
34.1
344
34.7
35
35.2
35.5
35.7
35.9

36.2
36.4
36.6
36.8
37
32
374
37.6
37.8
38

Foam height at each minute

11-20

24.5
25.4
26.3
21.1
27.9
28.6
294
30
30.5
3l

21-30  31-40 41-50 51-60
. 34.6

314
31.9
32.2
324
32.7
33.1
334
33.7
34
34.3

344
34.5
34.6
347
34.8
34.8
34.8
34.8
34.8
34.7

34.5
344
343
34.1
34
33.8
33.6
33.5
333

46.6
46.8
472
415
48.1
48.4
48.7
49
49.4
49.7

115¢m.

38.2
38.4
38.5
38.7
38.9
Tk
39.2
39.3
39.5
39.7

32.9
32.6
324
31.9
317
315
314
312
311
3l

Temp = 50°C Original foam height = 10.6 cm.

1-10

12.2

142
15.8
16.5
1
19
20
21

21.8

224

Temp

1-10

123
142
15.8
17
18.1
19
20
20.8

21.6

22.3

Foam height at each minute
21-30 31-40 41-50 51-60

11-20

233
24
24.8
253
25.9
26.6
21.3
21.9
28.5
29.1

= 65°C

29.6
30.1
30.7
311
316
321
32.6
33
33.5
33.9

344
34.8
35.2
35.6
36
36.4
36.8
371
37.5
37.8

38.2
38.6
38.9
39.2
39.6
39.9
40.2
40.5
40.9
412

415
418
42.1
42.3
42.6
43
43.3
43.5
43.9
44.2

Original foam height = 11 cm.

Foam height at each minute
21-30 3140 41-50 51-60

11-20

23
23.5
24.1
24.6
25.1
25.6
26.1
26.5
26.9
21.3

27.6
21.9
28.3
28.5
28.7
29
29.2
294
29.6
29.8

30
30.1
30.3
30.5
30.6
30.7
30.8

3l
311
312

314
315
316
31.8
31.9
32
32.1
32.2
32.3
324

32.6
32.1
32.8
32.9
33
33.1
33.2
33.3
334
334

o1



Table D-9 Foam Stability of 0.01 vol% NP(EQ)9at each temperature

Temperature = 30°C Temperature = 40°C
Foam stability Foam stability
Time Foam height (cm) Time Foam height (cm)
S0in foam s0in foam
0 - - 0 - -
13 29.6 1 12.8 30.6
5 14.8 29.7 5 15.1 30.3
10 15.4 29.2 10 15,5 27.6
15 15,5 25.2 15 15.6 235
20 155 22.4 20 15.6 22.6
25 155 215 25 15.6 20.9
30 155 21 30 156 20.2
Temperature = 50°C Temperature = 55°C
Foam stability Foam stability
Time Foam height (cm) Time Foam height (cm)
s0in foam s0in foam
0 - - 0 - -
1 13 30.1 1 13 29.9
5 15.1 29.6 5 15 29.2
10 15.3 23 10 15.2 25.2
15 15.4 21 15 15.3 21.6
20 154 20.9 20 15.3 20.4
25 15.4 19.9 25 15.3 19.8
30 155 19.7 30 15.3 19.7
Temperature = 60°C Temperature = 70C
Foam stability Foam stability
Time Foam height (cm) Time Foam height (cm)
S0in foam s0in foam
0 - - 0 - -
1 129 29.9 1 132 29
5 14.8 29 5 15 26.5
10 15 21.5 10 15 19.8
15 15 19.3 15 15 185
20 15 18.5 20 15 175
25 15 18.3 25 15 17

30 15 17.8 30 15 16.8



Table D-10 Foam Stahility of 0.1 vol% NP(EQ)9at each temperature

Temperature = 30°C

Time

Foam stability
Foam height (cm)

s0in

135
157
16.4
16.5
16.6
16.6
16.6

foam

33.5
33.6
29.5
21.9
20.3
19.3
18.8

Temperature = 50°C

Time

20
25
30

Foam stability
Foam height (cm)

soin

12.7
149
15.2
15.2
15.2
15.2
15.2

foam
33
29.6
19.9
19.3
18.7

18.6
18.5

Temperature = 60°C

Time

Foam stability
Foam height (cm)

s0in

12

141
142
143
14.3
14.3
144

foam

21.2
24.9
19.2
184
18.2
17.6
176

Temperature = 40°C

Time

10
15
20
25
30

Foam stability

Foam height (cm)

s0in
13
153
15.7
158
15.8

15.8
15.8

foam

32.5
31.5
21.6
19.8
18.8
18.8
18

Temperature = 55°C

Time

0

1

5
10
15
20

25
30

Foam stability

Foam height (cm)

s0in
13
14.9
15
15.2
15.2

15.2
15.2

foam

29.9
21.2
20.1
19.4
19.3
19.1
18.9

Temperature = 70°C

Time

Foam stability

Foam height (cm)

s0in
13
15
15.1
15.1
15.1

15.1
15.1

foam

29.2
23
18.6
18
17.4
173
iy

59



Table D-I 1Foam Stahility of 0.5 vol% NP(EQ)9at each temperature

Temperature = 30°C Temperature = 40°C
Foam stability Foam stability
Time Foam height (cm) Time Foam height (cm)
soin foam 50in foam
1 135 397 1 135 399
5 15.3 39.7 5 154 39.9
0 161 39.7 0 15y 397
15 162 356 15 16 218
2 16.2 23 X 16 188
25 16.2 20.9 25 16 18.3
30 16.3 19.6 30 16 18.3
Temperature = 50°C Temperature = 55°C
Foam stability Foam stability
Time Foam height (cm) Time Foam height (cm)
soin foam s0in foam
1 13 35.2 1 13 34.9
5 15.2 35.4 5 155 26.3
0 155 189 0 158 s
15 155 174 15 15.8 175
X 155 183 X 158 173
25 155 18.2 25 15.8 17.1
30 15.5 17 30 15.8 171
Temperature = 60°C Temperature = 70°C
Foam stability Foam stability
Time Foam height (cm) Time Foam height (cm)
soin foam 50in foam
1 127 319 1 13 29.2
5 15.2 23 5 14.9 17.1
0 155 174 0 149 161
15 15.3 174 15 14.9 15.8
2 153 112 X 149 157
25 153 . 171 25 14.9 15.6

30 153 171 30 149 154



Table D-12 Foam Stahility of 1.0 vol% NP(EQ)9at each temperature

Temperature = 30°c Temperature = 40°c
~ Foam stability ~ Foam stability
Time  Foam height (cm) Time  Foam height (cm)
; soin~ foam : soin~ foam
1 ns 3 S VR 1
5 148 38 5 53 383
10 556 3Bl 10 59 383
15 158 38 15 16 193
20 158 U5 20 16 187
25 59 205 25 16 178
30 159 2 30 16 177
Temperature = 50°c Temperature = 55°c
~ Foam stability ~ Foam stability
Time  Foam height (cm) Time  Foam height (cm)
; soin~ foam : soin~ foam
I n9 3 1 0§ %l
5 15 36.6 5 1l
10 153 118 10 16 18.1
15 153 1T 15 16 176
20 53 1l 2 16 175
25 153 17 25 161 173
30 153 169 30 161 171
Temperature = 60°c Temperature = 70°c
~ Foam stability ~ Foam stanility
Time  Foam height (cm) Time  Foam height (cm)
: soin~ foam ; soin foam
1 5 %3 1B
5 55 223 5 15 173
10 156 18 10 15 164
15 156 176 15 15 16
20 156 175 20 15 158
25 56 173 25 15 157

30 156 171 30 15 157



TableD-13 Foam Stahility of 0.01vol%NP(EQ)10at each temperature

Temperature = 40°c Temperature = 50°

~ Foam stability ~ Foam stability

Time  Foam height (cm) Time  Foam height (cm)
; soin~~ foam ; soin - foam
1 5 35 ! 23 35
5 15 324 5 149 324
10 56 263 10 152 238
15 7 A1 15 152 N7
20 157 194 20 152 07
25 157 194 25 152 198
30 57 192 30 15.3 198

Temperature = 60°c Temperature = 65°

~ Foam stability - Foam stability

Time  Foam height (cm) Time  Foam height (cm)
; soin~—foam ; soin~—foam
1 126 307 1 28 36
5 19 297 5 15 301
10 15 21 10 152 26
15 15 20 15 552 A1
2 15 192 20 152 20
25 15 191 2 152 183
30 151 187 30 152 167

Temperature = 70°c

~ Foam stability
Time — Foam height (cm)

; s0in foam
| 12.7 303
5 145 272
10 147 208
15 147 189
20 147 17.2
25 14.7 159

30 147 156



Table D-14 Foam Stability of 0.1 vol% NP(EO)|0at each temperature

Temperature = 40°c Temperature = 50°c

~ Foam stanility ~ Foam stability

Time  Foam height (cm) Time  Foam height (cm)
0 soin~foam 0 soin~ foam
1 29 38 ! 13 354
5 57 376 5 152 229
10 162 197 10 154 178
15 162 186 15 54 1l
20 16.2 18 20 154 17
25 162 111 25 155 17
30 162 176 30 155 17

Temperature = 60°c Temperature = 65°

~ Foam stability ~ Foam stability

Time  Foam height (cm) Time  Foam height (cm)
0 soin~ foam 0 soin~ foam
1 118 3 1 B35 35
5 U423 5 152 23
10 145 18.2 10 153 195
15 6 181 15 153 186
20 e 178 20 153 185
25 ue 17 25 153 179
30 46 115 30 153 179

Temperature = 70°c

~ Foam stability
Time  Foam height (cm)

0 s0in foam
| 13 29.6
5 14,6 22.9
10 14.7 179
15 147 172
20 147 17.2
25 147 17.2

30 147 16



Tahle D-15 Foam Stability of 0.5 vol% NP(EQ)10at each temperature

Temperature = 40°c Temperature = 50°c
Foam stability ~ Foam stability
Time  Foam height (cm) Time ~ Foam height (cm)
soin foam ; soin foam
0 : . : .
1 5 453 1 il 448
5 58 42 5 7 399
10 bl 215 10 16 18.7
15 162 197 15 16 175
20 67 189 20 16 17
25 o7 183 25 16 16.9
30 67 183 30 16 16.7
Temperature = 60°c Temperature = 65°c
~ Foam stanility ~ Foam stability
Time  Foam height (cm) Time  Foam height (cm)
; soin foam ; soin~ foam
1 06 312 1 25 Nl
5 U5 113 5 151 184
10 45 155 10 151 171
15 us 153 15 151 165
20 U5 153 20 151 16.5
25 e 152 25 151 16.4
30 4 15l 30 151 164

Temperature = 70°c

~ Foam stability
Time  Foam height (cm)

0 soin foam
| 125 309
5 149 226
10 149 17.3
15 149 165
20 149 163
25 149 16

30 15 159



Table D-16 Foam Stahility of 1.0 vol% NP(EO)I0at each temperature

Temperature = 40°c Temperature = 50°c
Foam stability ~ Foam stability
Time ~ Foam height (cm) Time  Foam height (cm)
soin~~ foam ; soin~ foam
! 9.5 505 ! 108 477
5 16 5.9 5 155 478
10 17 529 10 158 28
15 71 248 15 59 105
20 172 198 20 9y 1l
25 172 18.7 2 159 17
30 173 18.6 30 159 169
Temperature = 60°c Temperature = 65°
- Foam stability ~ Foam stanility
Time  Foam height (cm) Time — Foam height (cm)
0 soin~ foam ; soin- foam
| 13 438 1 132 38
5 5 29 5 152 171
10 58 1l 10 152 16.5
15 58 167 15 152 16.3
20 158 16.6 2 152 16.2
2 158 164 2 152 16
30 158 16.3 30 152 16

Temperature = 70°c

~ Foam stability
Time  Foam height (cm)

0 S0in foam
| 13 35.3
5 154 179
10 154 17.2
15 154 17
20 154 16.8
25 154 16.6

30 154 164



Appendix E - Comparison of concentrations of the surfactant solution
In different units

Table E-|

Surfactants MW Density Concentration

(glem3  vol% Wi% M

NP(EQ)s 572 105 0.01 0.0105  0.0002
0.1 01049 00018
05 05247 0.0092
1.0 10495 0.0184
NP(EC)9 616 1.06 0.01 0.0106  0.0002
01 01059  0.0017
05 05297 0.0086
10 10594 0.0172
NP(EO)0 660 1.06 0.01 00106 0.0002
01 0.1059  0.0016
05 05297 0.0080
1.0 10594 0.0161



67

Appendix F Life Time of Foam Data

Table F-I Life time of foam data for NP(EQ)9at each concentration
(Data taken from Figure 4.27-4.30)

Temp Life time of foam (To)
0.01 0.1 0.5 1

30C 268 185 27 232
0°c 183 129 166 159
so.c 107 124 110 107
ss.c 219 135 8.9 6.3
60C 142 143 1.7 6.7
¢ 136 89 5.0 5.6

Table F-2 Life time of foam data for NP(EO)Dat each concentration
(Data taken from Figure 4.31-4.34)

Temp Life time of foam (To)

0,01 0.1 05 1
40C 180 110 138 164
50C 148 71 106 114
60C 135 78 5.6 6.3
65C AW INTRANIBY 53
70C 146 90 19 b5

Line of greatest slope

—

Foam height

‘ =
1\ l1me (min)

Life time of foam (To)
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