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Improvement of the Separation Efficiency of Ion Flotation and Adsorbing
Colloid Flotation by the Synergistic Effect of Mixed Surfactant Solutions
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Abstract— Experimental investigations on the removal of Cd(l) from aqueous solution were carried out through two foam
separation techniques : ion flotation and adsorbing colloid flotation with Fe(II). The optimum pH for good removal was found
to be about 6.4 for the former and about 11 for the latter. The effects of flotation time, pH, surfactant(sodium lauryl sulfate),
foreign ions(Na*, Ca™, NO;, SO3") on the efficiency of Cd(II) removal were discussed. The presence of foreign ions in-
hibit the Cd(II) removal by foam flotation. It was suggested that the limitation of foam flotation on Cd(Il) removal may be
overcome by the surface activity of mixed surfactant solution. The application of the synergistic effect of mixed surfactant
solutions to the improvement of the removal efficiency of foam flotation was experimentally verified in this work.
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AEFEEE o] 4T Cd(I) AA ) Bg AFE J7] A7) 9
3}y o] Fozr}. Ferguson S-[15}& hexadecyltrimethyl ammonium
bromide A|HEAAE AHg-3le] CdS Fe) 29 YA AP} FeSE
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Fig. 1. Schematic diagram of experimental system.

1. Nitrogen supply 6. Rotameter

2. Valve 7. Flotation column

3. Humidifier 8. Fritted glass sparger
4. Glass wool column 9. Discharge foam

5. Needle valve 10. Drain and sampling
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Fig. 2. Effect of flotation time on Cd(II) removal.
Ion flotation : Cd(Il) 22.5 ppm(0.2mM), SLS 0.4mM, pH 6.4,
gasflow rate 100 ml/min.
Adsorbing colloid flotation : Cd(II) 20 ppm, SLS 80 ppm, Fe(fll)
80 ppm, pH 11, gasflow rate 100 ml/min.
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Fig. 3. Effect of pH on Cd(II) removal.
Ton flotation : Cd(I) 22.5 ppm(0.2 mM), SLS 0.4 mM, gasflow rate
100 ml/min.
Adsorbing colloid flotation : Cd(IT) 20 ppm, SLS 80 ppm, Fe(lII)
80 ppm, flotation time 10 min, gasflow rate 100 ml/min.
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Fig. 4. Effect of molar ratio of surfactant to Cd{I) on Cd(II) removal
by ion flotation.
Cd(II) 22.5 ppm(0.2mM), gasflow rate 100 ml/min, flotation time
10 min.
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Fig. 5. Effect of initial surfactant concentration on Cd(II) removal
by adsorbing colloid flotation with Fe(OH),.
Cd(IT) 20 ppm, gasflow rate 100 ml/min, Fe(Il) 80 ppm, flotation
time 10 min.
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Fig. 6. Effect of foreign anions on Cd(II) removal by adsorbing col-
loid flotation.
Cd(II) 20 ppm, SLS 80 ppm, Fe(Ill) 80 ppm, pH 11, flotation time
10 min, gasflow rate 100 ml/min.
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Fig. 7. Effect of foreign cations on Cd(I) removal by adsorbing col-

loid flotation.
Cd(IT) 20 ppm, SLS 80 ppm, Fe(Il) 80 ppm, pH 11, flotation time
10 min, gasflow rate 100 ml/min.
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Table 1. Effect of mixed surfactant solutions on Cd(IT) removal in the presence of NaNO,

Residual Cd(II) concentration(ppm)

NaNOy(Mole/L) Sodium lauryl Sodium lauryl sulfate, 80(ppm)
sulfate 80(ppm) Octanol 5(ppm) Decanol 5(ppm) Dodecanol 5(ppm) Tetradecanol 5(ppm)
0 0.482 0.300 0.402 0.332 0.318
0.05 0.665 0.331 0.467 0.384 0.394
0.1 0.705 0.358 0.557 0.417 0.442
0.2 0.764 0.417 0.582 0.442 0.521
0.3 0.964 0.475 0.638 0.494 0.576

Cd(I) : 20 ppm, SLS : 80 ppm, Fe(IIl) : 80 ppm, pH 11, gasflow rate : 100 ml/min, flotation time : 10 min

Table 2. Effect of mixed surfactant solutions on Cd(I) removal in the presence of Na,SO,

Residual Cd(I) concentration(ppm)

Na,SO,(Mole/L) Sodium lauryl Sodium lauryl sulfate, 80(ppm)
sulfate 80(ppm) Octanol 5(ppm) Decanol 5(ppm) Dodecanol 5(ppm) Tetradecanol 5(ppm)
0 0.482 0.300 0.402 0.332 0.318
0.05 0.708 0.321 0.617 0.394 0.437
0.1 0.996 0.389 0.774 0.473 0.549
0.2 1.274 0.475 0.865 0.708 0.800
0.3 1.994 0.496 0.871 0.752 0.889

Cd(I) - 20 ppm, SLS : 80 ppm, Fe(III) : 80 ppm, pH 11, gasflow rate : 100 m/min, flotation time : 10 min
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Table 3. Effect of mixed surfactant solutions on Cd(II) removal in the presence of Ca(NO,),

Residual Cd(I) concentration(ppm)

Ca(NO,),(Mole/L) Sodium lauryl Sodium laury! sulfate, 80(ppm)
sulfate 80(ppm) Octanol 5(ppm) Decanol 5(ppm) Dodecanol 5(ppm) Tetradecanol S(ppm)
0 0.482 0.300 0.402 0.332 0.318
0.05 0.634 0.376 0.440 0.345 0.458
0.1 0.750 0.421 0.519 0.439 0.472
02 1.050 0.479 0.540 0.581 0.626
0.3 1.693 0.645 0.610 0.640 0.635

Cd(II) : 20 ppm, SLS : 80 ppm, Fe(IIl) : 80 ppm, pH 11, gasflow rate : 100 ml/min, flotation time : 10 min
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Q) 784 F2] Cd(I) )&% go)LAHEA A sodium lauryl
sulfate(SLSYE AF8-8le] o] 24Al7) Fe(OH),E ©]-43% FFF2o)
=g AAzG AR CdI) ol AARES
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