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Fig. 1 Schematic diagram of experimental apparatus



50 JHE T EEL - ML - A it - o LA

2—2 FEBRFHE

ARV IR B OVEIRE & DM E DTz, BERNEOREN —EIL R ol & 2 AT, FIEDIREICR - -
1000 meEHETHL VB AR O T LI IC LN LLAMR Lot 5, REKERER T, FRAZmR LA
NH, WKE®EZ —ERFEZ EICERIC L E U, —F BN, B0 AR KB LEBIC160 cm
BREDE S ZHoOMKIakE 2 MRS -%, VAOMEEEILEL, REMLREICAERS B HEIC
D E LTz,

Al VR, ARFZE CHA U S TS AR IXCMC O 105 IE & UTe, AEBRTIE, 2280 2 HIEU,,
=212 x 10* - 6.37 x 10* m/s, WKIEMET = 303-318 K, WMT B 7/ 23— )L DPEFE Carconot % 7 1 Z N Crteon
2.5-20.0 wt%, Cron 2.5-20.0 wt%, Cipron 2.5-10.0 wi%D il T1T o 70, F£72, %k 2 MR IAKE N O &
FOFBSRIaRd, B L CHIIRTAKE O R EM # AT D RAEE X6, R D Ic LBk, By (RH
KT O HVEEF DMA4500, AL A N~ —pkXath) |, Ky (EEEHE#H  PHYSICA MCR300,
Paar Physica) , #EEH & T L1z, © DOFEM % Tables 2—4107R ¥, i WPEIL, TIERE OB L b =0
WAL TRBY, FRICKEMEICBEL T, ZOoEBERREN, LHL, ThHa— ORI L5 EETsIEs
HHAR,

AEEHRAREENT D OFIEFICEETH S0, BiHD Y L FEEE. Miyaharaer al I L VRSN
T2 AR TR SN2 KRIBHEOEFEHRRRICH T 2HBXNE AW, b EEEYKBRITKIRE
RT N a—)VORMPBERL SO T AHEIIT LA ERBESNT, 34mmiEE Th oz,

Table 1 Characteristics of surfactants employed

Molecular mass CMC  HLB

Surfactant Molecular formula [kg/mol] [mol/m®] [-]

Anmonium lauryl sulfate (ALS) Ci2HoNO4S 0.283 3.00 31
Sodium lauryl sulfate (SLS) C12H,50805Na 0.288 8.00 40
Dioctyl sodium sulfosuccinate (AOT) CyoH37Na04S 0.444 0.84 60

Table 2 Physical properties of anionic surfactant aqueous solutions

Cwmeon Temperature  Density Viscosity Surface tension

L [ wt% | [K] [keg/m’] [Pa-s] [mN/m]

0.0 303-318 996-991 0.22x10™* - 6.82x10™* 29.7-28.4

) 2.5 303-318 991-986 8.91x10™* - 6.92x10™ 31.5-31.2
A“’“"“‘“Z‘/‘XE‘;;YI sulfate 50 303318 987-981  046x10%—7.10x10"  31.8-30.9
75 303-318 982-976 0.98x10* - 6.92x10™* 32.8-32.0

10.0 303-318 978-972  10.15x107* = 7.01x10™ 32.5-322

0.0 303-318 998-983 9.65x10*-9.76x10™ 35.5-31.2

) 2.5 303-318 994-988  10.76x10™ - 7.87x10™* 35.8-35.4
Sodinm Inuryl sulfate 50 303318 989-984  [126x10" -8.08x10”  353-352
GL3) 7.5 303-318  985-979  11.86x107-8.67x10"  35.6-34.8

10.0 303-318 981-974 11.93x10™* — 8.98x10™ 35.6-34.8

0.0 303-318 996-991 9.11x107* - 6.45x10™* 27.9-274

5.0 303-318 987-978 9.83x107* - 7.07x10™* 28.1-27.9

Dioctyl sodium sulfosuccinate

10.0 303-318 978-972 11.01x10™ = 7.59x10™ 28.9-28.6
(AOT)

15.0 303-318 970-963  11.76x10™* - 7.63x10™* 29.3-28.9
20.0 303-318 961-952 13.18x10™ - 8.60x10™ 30.2-29.9
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Table 3 Physical properties of anionic surfactant aqueous solutions

Cron Temperature  Density Viscosity Surface tension

[wt%] (K] [ke/m’] [Pa-s] [mN/m]
0.0 303 — 318 996 — 991 922 x10* — 6.82 x10* 297 — 284
25 303 — 318 991 — 986 8.80 x10* — 6.31 x10* 302 — 293
5.0 303 — 318 987 — 971  1.02 x10° — 6.83 x10®* 318 — 31.1
7.5 303 — 318 983 — 977  1.03 x10° — 7.04 x10* 324 — 308
10.0 303 — 318 978 — 972 112 x10° — 7.78 x10* 33.8 — 334
0.0 303 —318 998 —983 9.65 x10* — 6.76 x10* 355 — 312
2.5 303 — 318 994 — 988  1.04 x10° — 7.54 x10* 354 — 350
5.0 303 — 318 989 — 983 112 x10° — 7.74 x10* 359 — 325
75 303 — 318 985 — 979 115 x10° — 7.22 x10* 352 — 343
10.0 303 — 318 980 — 974 127 x107° — 824 x10* 344 — 340
00 303 —318 996 —991 9.11 x10* — 6.45 x10° 279 — 274

Dioctyl sodium sulfosuccinate 5.0 303 — 318 987 — 981  9.78 x10* — 7.35 x10* 283 — 280

(AOT) 100 303 —318 979 — 974 112 x10® — 824 x10* 294 — 29.0
20.0 303 — 318 963 — 954 1.52 x10° — 8.39 x10®* 309 — 304

Surfactant

Anmonium lauryl sulfate
(ALS)

Sodium lauryl sulfate
(SLS)

Table 4 Physical properties of anionic surfactant aqueous solutions

C1pron Temperature  Density Viscosity Surface tension

[Wt%] [K] [kg/m’] [Pa-s] [mN/m]
0.0 303 — 318 996 — 991 922 xj0* — 6.82 x10* 297 — 284
Anmonium lauryl sulfate 25 303 — 318 992 — 98 882 x10* — 639 x10* 335 — 33.1
(ALS) 50 303 — 318 988 — 982 1.00 x10° — 7.00 x10* 350 — 34.1
75 303 — 318 984 — 977 1.09 x10* — 732 x10* 337 — 33.1
00 303 — 318 998 — 983 9.65 x10* — 6.76 x10* 355 — 312
Sodium laury! sulfate 25 303 — 318 994 — 989 108 x10° — 7.83 x10* 334 — 326
(SLS) 50 303 — 318 990 — 984 120 x10° — 8.56 x10® 329 — 325
75 303 — 318 98 — 979 126 x10° — 8.84 x10” 332 — 311
00 303 — 318 996 — 991 9.11 x10* — 6.45 x10* 279 — 274
25 303 — 318 992 — 98 1.09 x10° — 831 x10* 284 — 283
50 303 — 318 979 — 982 1.00 x10° — 7.19 x10* 29.1 — 283
7.5 303 — 318 984 — 978 1.08 x10° — 7.05 x10* 292 — 287
10.0 303 — 318 980 — 973 124 x10° — 8.18 x10* 293 — 285

Surfactant

Dioctyl sodium sulfosuccinate
(AOT)
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B=-28.73x10"(HLB) + 1.07 (6)
C =9.08x10"*(HLB)? -8.48x107*(HLB) +2.68 (7)
EtOHEM D&
A =—62.7(HLB)? — 42.6(HLB) + 7.61x10* 3)
B=-1.33x10%(HLB) + 1.53 9)
C=-1.79x10"%(HLB) — 6.85x107 (10)

1-PrOHIRIN D &
A=2.16x10"*(HLB)**? (11)
B=4.10x10"(HLB)? -3.44x107'(HLB) +8.33 (12)
=_2.81x10(HLB) + 7.67x10™" (13)
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Notation

Ca = Capillary number = p Uy /o [—]
CAlcohol = alcohol concentration [ wt% ]
dy = bubble diameter [m]

F = force acting on liquid film [N]
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g = gravitational acceleration [ m/s*]
HLB = hydrophile-lipophile-balance [—]

he = foam height [m]
hie = cellular foam height at the rupture of lamella [m]

hy = initial cellular foam height [m]

n = number of solid surface [-]

R = radius of circular film having same area as face of dodecahedron [m]

T = temperature [K]

t = time [s]
Ugc = superficial gas velocity [ m/s]
X = mass fraction of alcohol [—]

0 = film thickness [m]

Je = critical film thickness [m]
Je0 = critical film thickness in the absence of alcohol [m]
Jealeohol = critical film thickness in the presence of alcohol [m]

" = viscosity [Pa-s]
p = density [ kg/m® ]
o = surface tension [N/m]
(Subscripts)

Alcohol = MeOH, EtOH, 1-PrOH
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Influence of Addition of Alcohol on Stability of Cellular Foam
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In our previous papers™ ¥, the stability of cellular foam generated from nonionic, anionic, cationic and
amphoteric surfactant aqueous solutions was investigated for the purpose of foam breakage in chemical
reactors and bioreactors. From the results, it was found that the cellular foam formed from anionic
surfactant aqueous solution was the most stable one.

In the present study, the growth and collapse process of cellular foam formed on a perforated plate in a
standard bubble column was observed using three kinds of anionic surfactant aqueous solutions under the
addition of three kinds of alcohols (methanol, ethanol and 1-propanol). As a result, the addition of alcohol
decreased the stability of cellular foam. The effect was enhanced by alcohols with long carbon chain
lengths.

Keywords: cellular foam; foam stability; anionic surfactant; critical film thickness; foam breakage.



