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Fig. 1 Schematics diagram of experimental apparatus
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Table 1 Characteristics of surfactants employed

Surfactant Molecular formula  Molecular mass [mf)?//l(:n’ ] [-[H_“I]B
Anmonium lauryl sulfate (ALS) C,,H;NO,S 0.283 3.00 31
Sodium lauryl sulfate (SLS) C,,H,50S0;Na 0.288 6.48 40
Dioctyl sodium sulfosuccinate (AOT) C,oH3,NaO,S 0.444 0.84 60

Table 2 Physical properties of anionic surfactant aqueous solutions

Csat Temperature Density Viscosity Surface tension
Surfactant Salt

[wt%] K] [kg/m’] [Pa-s] [mN/m]
non 0.00 303 — 318 996 — 991 922 x10* — 6.82 x10* 29.7 — 284
NaCl 050 — 500 303 — 318 1030 — 994 1.12 x10° — 5.89 x10* 28.1 — 259
Anmonium lauryl sulfatt  KCl 005 — 020 303 — 318 996 — 991 837 x10™ —6.00 x10* 305 — 279
(ALS) MgCl, 050 — 3.00 303 — 318 1016 — 995 892 x10® — 6.03 x10* 303 — 289
AICl; 0005 — 0.015 308 — 318 994 — 990 7.56 x10* — 6.06 x10* 27.0 — 254
non 0.00 303 — 318 998 — 983 9.65 x10* — 6.76 x10* 355 — 312
NaCl 050 — 500 303 — 318 1032 — 996 2.66 x10° — 6.20 x10* 33.1 — 28.0
Sodium lauryl sulfate  KCI 005 — 020 303 — 318 1000 — 993 101 x10® — 6.76 x10* 34.6 — 305
(SLS) MgCl, 100 — 3.00 303 — 318 1019 — 1001 9.33 x10* — 7.04 x10* 31.8 — 30.7
AICl, 0005 — 0015 303 — 318 999 — 993 9.99 x10* — 7.30 x10* 356 — 34.6
non 0.00 303 — 318 996 — 991 9.11 x10* — 6.45 x10™* 279 — 27.4
Dioctyl sodium NaCl 002 — 008 303 — 318 997 — 991 8.64 x10™* — 6.26 x10* 262 — 243
sulfosuccinate KCl 002 — 006 303 — 318 996 — 991 834 x10* — 6.19 x10* 26.1 — 242
(AOT) MgCl, 0.002 — 0.006 303 — 318 996 — 991 9.27 x10™* — 6.40 x10* 256 — 24.0

AICL, 0.0002 — 0.0008 303 — 318 996 — 991 9.27 x10* — 6.40 x10™ 256 — 24.0
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Fig.2 Effect of NaCl concentration on growth of cellular foam
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Fig. 4 Effect of MgCl, concentration on growth of cellular foam
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Fig. 5 Effect of AICI; concentration on growth of cellular foam
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Fig. 7 Effect of KCI concentration on collapse of cellular foam
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Fig. 9 Effect of AICl; concentration on collapse of cellular foam
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Fig. 15 Effect of addition of salt on critical film thickness
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Nomenclature

Ca : capillary number = uUp,/a [—1]
Csan : salt concentration [wt%]
ay : volumetric mean bubble diameter [m]

F : force exerted on film [N]

g : gravitational acceleration [m/s?]
HLB : hydrophile-lipophile-balance [—]
H(J) :Hamaker constant 1

h¢ : foam height at time ¢ [m]
hy : cellular foam height at the rupture of lamella [m]
ho : initial foam height [m]

n : number of immobile film surfaces [—]
R : radius of circle film having the same area as face of dodecahedron [m]

r : radius of curvature of wall of Plateau border [m]

T : temperature [K]

t : time [s]
Uy : superficial gas velocity [m/s]
(GREEK letters)

AP, : capillary pressure (=o/r) [Pa]

é : film thickness [m]
dc : critical film thickness [m]
Ocsalt : critical film thickness in the presence of salt [m]
Jco : critical film thickness in the absence of salt [m]

U : viscosity [Pass]
I : disjoining pressure (= -H()/(65")) [Pa]
p : density [kg/m®]
o : surface tension [N/m]
(Subscripts)

Salt : NaCl, KCl, MgCl, or AICI;
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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 four kinds
of inorganic salts as electrolytes. As a result, the addition of monovalent salt decreased the stability of cellular foam.
The effect was remarkable especially in the case of surfactant with low HLB (Hydrophile-Lipophile-Balance) value.
However, the addition of salt of divalence or trivalence increased the stability of cellular foam. The influence was
strong in the case of surfactant with low HLB value.

Keywords: cellular foam; foam stability; inorganic salt; electrolyte; anionic surfactant; critical film thick-
ness; foam breakage.



