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This study investigated the removal performance of a foam fractionator under seawater conditions. The foam frac-
tionator was tested using a 3x3x3 factorial design for operating conditions by combining different solids concentra-
tions (SS; 1, 5, and 10 mg-L™!), surface air velocities (SAV; 1.1, 1.5, and 2.1 cm'sec!), and hydraulic residence times
(HRT; 1, 3, and 6 min) at 16°C. Performance parameters such as daily solids removal rate and efficiency were mea-
sured, and a multi-regression model equation was developed accordingly. The daily solids removal rate and removal
efficiency varied with the experimental conditions and ranged from 0.14-2.33 g-solids'm3-air-day™! and 8.9-96.7
%, respectively. Overall, the daily solids removal rate increased with increasing SS and SAV and decreasing HRT,
whereas the removal efficiency increased with increasing SAV and HRT and decreasing SS. The daily solids removal
rate (g-solids'm-air-day') of the foam fractionator for SAV (cm-sec™), SS (mg-L!) and HRT (min) were described
by the following multi-regression model: Daily solids removal rate [f(z)]=-0.118+0.422SAV+0.094HRT+0.141SS
(r*=0.873).
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Fig. 1. Schematic diagram of the experimental system to test per-
formance of foam-fractionator. 1, Foam-fractionator; 2, Water
outlet; 3, Water inlet; 4, Overflow; 5, Pump; 6, Water flow me-
ter; 7, Air flow meter; 8, Valve; 9, By-pass; 10, Head tank; 11, Air
blower; 12, Air distributor.
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Table 1. Solids removal rates (g solids'm™-day') of foam-fractionator and the result of three-way ANOVA for with hydraulic retention time

(HRT), solids concentration (SS) and superficial air velocity (SAV)

1 min 3 min 6 min Pooled mean’
1.10 cm'sec’ 0.34 0.15 0.14 0.21+0.11
1 ma-Lt 1.50 cm-sec” 0.56 0.25 0.16 0.32+0.21
g 2.10 cm-sec™ 0.59 0.26 0.16 0.3310.23
Pooled mean 0.50+0.13 0.22+0.06 0.15+0.01 0.29+0.17*
1.10 cm'sec’ 1.16 0.81 0.75 0.91+0.22
1.50 cm'sec’ 1.35 0.98 0.78 1.04+0.29
5mg-L’
2.10 cm-sec™ 1.69 1.46 0.78 1.31+0.47
Pooled mean 1.40+0.26 1.08+0.34 0.77+0.01 1.08+0.35Y
1.10 cm-sec’ 1.73 1.15 1.02 1.30+0.38
1.50 cm-sec™ 1.79 1.10 1.32 1.40+0.35
10 mg-L"!
2.10 cm-sec’ 2.33 1.76 1.99 2.02+0.29
Pooled mean 1.95+0.33 1.34+0.37 1.44+0.50 1.58+0.45%
1.10 cm-sec’ 1.08+0.70 0.70+0.51 0.64+0.45 0.81+0.532
1.50 cm'sec’ 1.230.63 0.78+0.46 0.75+0.58 0.9240.542
Total pooled mean
2.10 cm-sec™ 1.53+0.88 1.160.80 0.9840.93 1.22+0.79°
Total 1.280.678 0.88+0.56* 0.79£0.614 0.98+0.63
Sum of square mean df Square mean Fvalue P value
SS 7.59 2 3.80 99.96 0.000
Analysis of variance  HRT 1.25 2 0.62 16.42 0.000
SAV 0.83 2 0.41 10.91 0.001

"Pooled means+STD having the same superscript are not significantly different at P<0.05 based on Duncan's multiple range test.
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Table 2. The results of multi regression model for solids removal rate (g solids'm>-day') of foam-fractionator with hydraulic retention time

(HRT), solids concentration (SS) and superficial air velocity (SAV)

Model [f(z)]=B,+ B,SAV + BHRT + B,SS

Parameter Estimates of 8 Standard error tvalue P value
B, 0.231 0.120 1.922 0.066
Model 1
B, 0.141 0.019 7.627 0.000
B, 0.543 0.137 3.952 0.001
Parameter Model 2 B, -0.094 0.028 -3.355 0.003
estimation of B, 0.141 0.016 9.057 0.000
variables B, -0.118 0.208 -0.569 0.575
B, 0.422 0.112 3.758 0.001
Model 3
B, 0.094 0.022 -4.173 0.000
B, 0.141 0.013 11.264 0.000
Sum of square mean df square mean Fvalue P value
Regression 7.29 1 7.29 58.165 0.000
Model 1
Error 3.13 25 0.13
Analysis of Regression 8.29 2 4.15 46.641 0.000
variance for the Model 2
model Error 2.13 24 0.09
Regression 9.10 3 3.03 52.808 0.000
Model 3
Error 1.32 23 0.06
R? adj R? MSep
Fitness deter- Model 1 0.699 0.687 0.354
mination of the Model 2 0.795 0.778 0.298
model Model 3 0.873 0.857 0.240
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Table 3. Solids removal efficiency (%) of foam-fractionator and the result of three-way ANOVA with hydraulic retention times (HRT), solids

concentrations (SS) and superficial air velocities (SAV)
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1 min 3 min 6 min Pooled mean’
1.10 cm'sec’ 17.8 24.0 43.2 28.3+13.2
1 mg L 1.50 cm'sec™ 39.6 54.3 66.9 53.6+13.7
2.10 cm-sec™ 60.2 79.3 96.7 78.73+183
Pooled mean 39.2+21.2 52.5+27.7 68.9+26.8 53.6125.5Y
1.10 cm'sec’ 12.0 253 47.0 28.0+17.7
5 mg-L- 1.50 cm'sec’ 18.9 42.0 47.0 42.3123.8
2.10 cm-sec™ 325 90.4 96.0 73.2+354
Pooled mean 21.1£10.4 52.633.8 70.0£25.0 47.9+£30.5
1.10 cm-sec’ 8.9 17.8 31.6 19.4+11.4
1.50 cm-sec™ 12.0 23.4 56.5 30.6+23.1
10 mg-L"!
2.10 cm-sec’ 20.4 52.3 59.0 43.9+20.6
Pooled mean 13.846.0 31.21+8.5 49.3+15.2 31.3+19.6~
1.10 cm-sec’ 12.9+4.5 22.4+4.0 40.618.0 25.3+13.22
1.50 cm'sec’ 23.5+14.4 39.9+15.6 63.315.9 42.2+20.50°
Total pooled mean
2.10 cm-sec” 37.7+20.4 74.0+19.6 84.1+21.7 65.3+27.7°
Total 24.7+16.6% 45.4+26.08 62.7422.3¢ 44.3+26.4
Sum of square mean df Square mean Fvalue P value
SS 2,403 2 1,202 0.000
Analysis of variance  HRT 6,501 2 3,251 0.000
SAV 7,248 2 3,624 0.000

"Pooled means+STD having the same superscript are not significantly different at P<0.05 based on Duncan's multiple range test.
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Table 4. Overflow rate (%) of foam-fractionator and the result of three-way ANOVA with hydraulic retention times (HRT), solids concentra-

tions (SS) and superficial air velocities (SAV)

1 min 3 min 6 min Pooled mean’
1.10 cm-sec’ 0.004 0.003 0.009 0.005+0.003
1 mg-L- 1.50 cm'sec’ 0.028 0.027 0.040 0.032+0.007
2.10 cm-sec™ 0.382 0.092 0.310 0.261+0.151
Pooled mean 0.138+0.212 0.041+0.046 0.120+0.166 0.099+0.144x
1.10 cm'sec’ 0.043 0.039 0.081 0.055+0.023
5 mg-L- 1.50 cm'sec’ 0.494 0.222 0.299 0.338+0.140
2.10 cm-sec™ 3.103 1.467 3.991 1.457+2.197
Pooled mean 1.214+1.652 0.576+0.777 1.457+2.197 1.082+1.482v
1.10 cm'sec’ 0.070 0.081 0.104 0.085+0.017
10 mg-L- 1.50 cm'sec™ 0.806 0.261 0.527 0.531+0.273
2.10 cm-sec™ 4.332 1.556 6.011 4.966+0.912
Pooled mean 1.736+2.278 1.633+2.53 2.214+3.295 1.861+2.385Y
1.10 cm'sec’ 0.039+0.033 0.041+0.039 0.065+0.050 0.048+0.0382
1.50 cm'sec™ 0.443+0.391 0.170+0.125 0.288+0.244 0.300+0.2672
Total pooled mean
2.10 cm-sec™ 2.606+2.021 2.038+2.286 3.438+2.891 2.694+2.188°
Total 1.029+1.58* 0.750+1.500% 1.264+2.1904 1.014+1.724
Sum of square mean df Square mean Fvalue P value
SS 14.0 2 7.01 5.92 0.010
Analysis of variance  HRT 1.19 2 0.60 0.50 0.612
SAV 38.4 2 19.2 16.2 0.000

"Pooled means+STD having the same superscript are not significantly different at P<0.05 based on Duncan's multiple range test.

o] Z7V51A ko] 417 35 gbot, Thepe] overtlow
rateS GAJ5h= A o2 A ZIEIt(Martin et al., 2010; Merz et
al,, 2011).

371557t S71ekel et gas holdupte $474 57F6FSL
THTable 5). o]= 20E2]7] W 371455 %7F S7FHHA
FU== 5719 ol S7FshaL, R 7] W 849 HFo]
SolR[H A 7] 9] 5o A A Bz o] 455t Wi
o|cH(Neethling et al., 2002; Peng, 2003; Martin et al., 2010).
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al., 2008; Bharadwaj and Gupta, 2021). wg}A] Ec} A5}

Table 5. Changes of gas holdup (cm) of foam-fractionator with
hydraulic retention time (HRT), solids concentration (SS) and su-
perficial air velocity (SAV)

SAV (cm-sec™)

HRT (min) SS (mg-L")

1.1 1.5 21

1 2.4 3.8 6.1

1 5 3.5 52 7.5
10 3.5 5.5 8.0

1 - 1.7 3.7

3 5 1.3 29 4.6
10 1.0 25 4.0

1 - 1.3 3.1

6 5 - 27 4.3
10 0.5 22 3.8
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