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Development of Bubble Column for Foam Separation
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Abstract—The foam separation of metal in model wastewater is performed by using two different bubble columns
in a continuous operation mode. The equipment and operation conditions are changed, and the foam flow rate and
metal concentration in foam flow are measured. The foam flow ratio (the ratio of foam flow rate to the inlet one) in-
creases with increasing gas velocity, with decreasing liquid velocity, with decreasing foam layer height and with de-
creasing metal concentration in model wastewater. Metal enrichment (the ratio of metal concentration in foam flow
to that in inlet flow) shows the reverse tendencies. When a draft tube is inserted in the bubbling layer, the foam flow
rate decreases. The enrichment is strongly governed by the foam flow ratio. Since the foam flow ratio is adjusted by
means of the equipment and operation conditions, the metal concentration in foam flow is controlled to be a desired
value.
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INTRODUCTION and operation conditions on the foam generation and separation
performance were examined.

Treatment of wastewater containing metal has become very im-
portant. From the viewpoints of environment and resources, it is EXPERIMENTAL
necessary to separate and recover the metal in wastewater. Foam
separation, which utilizes metal adsorption on the bubble surface, An outline of the experimental apparatus is shown in Fig. 1. The
is considered to be one of the most useful techniques, especiallsolumns were made of transparent acrylic resin and the inside di-
when the metal concentration in wastewater is relatively low. ameter was 0.100 m. The column height was changed from 1.30

Although there have been many studies on foam separation, thi 1.45 m and the bubble free liquid height was adjusted to be 1.00
objective of early studies was the removal of surfactant from do-m. The gas sparger was a nozzle with 3 mm diameter. The liquid
mestic wastewater. Recently, since foam separation has been clagutlet was located at the column bottom. In the case of countercur-
fied to be effective for metal removal, the foam separation of metakent bubble column (Fig. 1a), the gas sparger was located at 0.10
has become a research focus. Kubota et al. [1977] and Moussari above the column bottom. The liquid sparger was a nozzle with
[1994] have performed the foam separation of metallic ions. Choi
and Ihm [1988] have carried out unique foam separatgmre- (@)
cipitate floatation and adsorbing colloid floatation. Hiraide and Mi-
zuike [1984] have applied foam separation to a metallic analysi
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for dilute solution. The adsorption characteristics in foam separa Fp,Cy ’i\ F,
tion have also been examined. Shirotsuka and Ishiwata [1973] an L {;:;—I L
Kato and Nakamori [1976] have explained the adsorption mecha ,—5 é L
nism on the basis of Langmuir's adsorption isotherm. Kato et al. o ’ g
[1992] have investigated the surface excess of metallic ion. Suzuk oo °
and Maruyama [2000] have considered foam separation using prc Y 6
teins as a foaming regent. These studies described above are ba: o° o
on physical and surface chemistries. However, there are few stuc N 32
ies from the viewpoint of reactor engineering. Grieves and Wood o°° )
[1964] have studied the influence of the position of feed introduc- . F;, G
tion on foam fractionation. ° e —
In this study, two different bubble columns were used and the ---—> =£® TR =
foam separation of metal was performed. The effects of equipmer _I L—__
"To whom correspondence should be addressed. Fig. 1. Outline of experimental apparatus (a) countercurrent bub-
E-mail: bando@nuce.nagoya-u.ac.jp ble column (b) bubble column with draft tube.
This paper was presented at The 5th International Symposium on Separa- 1. Bubble column 4. Draft tube
tion Technology-Korea and Japan held at Seoul between August 19 and 2. Liquid sparger > Liquid flow
21, 1999. 3. Gas sparger --> Gas flow
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25 mm diameter and located near the liquid surface. In the case «
bubble column with draft tube (Fig. 1b), the length and inside di-
ameter of draft tube were 0.80 and 0.076 m, respectively. Both th
clearances below and above the draft tube were 0.10 m. The g:
sparger was located at 0.05 m above the lower end of draft tub
and the gas was sparged into the draft tube. The liquid sparger wi
a nozzle with 5mm diameter and located at 0.10 m above the
lower end of draft tube.e., at 0.05 m above the gas sparger.

The metal to be separated was iron in fFa@l the concentra-
tion was 0.020 kg/m The surfactant was sodium lauryl sulfate
and the concentration was 0.15 k§j/mihich is much lower than
the critical micelle concentration (about 3.0 k)/m

The experiments were performed in a continuous operatior
mode. After the flow pattern became stable, the liquid dischargec
from the outlet was sampled and the flow rate was measured. Tt
metal concentration in discharged liquid was analyzed by using ai
atomic absorption spectrometer (Shimazu, AA-6400). The foam
flow rate and metal concentration in foam flow were calculated
from the material balance.

RESULTS AND DISCUSSION

1. Countercurrent Bubble Column

The effects of gas and liquid velocities on the foam flow rate
and metal concentration in foam flow are shown in Fig. 2. The or-
dinates are the foam flow ratio (the ratio of foam flow rate to the
inlet one), and the enrichment (the ratio of metal concentration i
foam flow to that in inlet flow). The velocity in this study is the
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Fig. 2. Effects of gas and liquid velocities on foam flow ratio and
enrichment.
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Fig. 3. Effect of foam layer height on foam flow ratio and enrich-
ment in case of countercurrent bubble column.

superficial one based on the cross-sectional area of column. As the
gas velocity becomes higher, the foam flow ratio increases and the
enrichment decreases. This is because the amount of liquid ent-
rained between bubbles becomes larger. When the liquid velocity
becomes high, the foam flow ratio decreases at the relatively high
gas velocity.

The effect of foam layer height on the foam flow ratio end
richment is shown ifig. 3.In this experiment, the bubbling layer
height in sparging gas is fixed and the column height is changed.
As the foam layer becomes higher, the foam flow ratio decreases
and the enrichment increases. This is because in the relatively high
foam layer, a part of liquid entrained between bubbles flows down-
ward by gravity. It has been reported that the liquid holdup is
higher in the lower part than in the upper part of the foam layer
[Cutting, 1989].

The effect of metal concentration in model wastewater on the
foam flow ratio and enrichmeigt shown in Table 1. As the metal
concentration becomes high, the foam flow ratio decreases and the
enrichment increases. The reason is considered as follows: as the
metal concentration becomes higher, more surfactant molecules

Table 1. Effect of metal concentration at inlet on foam flow ratio
and enrichment in case of countercurrent bubble column

C, [kg/m] 0.020 0.040
Fe/F, [ 0.19 0.07
C/C, [] 3.58 4.88

U;=0.021 m/s, u1=0.0009 m/s, E=0.20 m
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100 ¢ T ing metal concentration in model wastewater. The enrichment
u g =0011 - 0.032 m/s shows the reverse tendencies.
[ @ u 1, = 0.0009 - 0.0024 m/s 2. The foam flow ratio is affected by the change in bubble size.
Hy=005-020m 3. The enrichment depends on the foam flow ratio and the rela-
C ;= 0.020 - 0.040 kg/m’ tion is given by Eq. (1). The enrichment is easily controlled by the
= equipment and operation conditions.
L 10f E
S NOMENCLATURE
slope =-0.8
O eBC c : concentration of separated material [k§/m
F : flow rate [ni/s]
® DrBC H: - foam layer height [m]
10.01 0'.1 1 Us : superficial gas velocity based on cross-sectional area of
Fo/F [ column [m/s]
U, : superficial liquid velocity based on cross-sectional area
Fig. 4. Plot of enrichment against foam flow ratio. of column [m/s]

bond with metal and the contribution of surfactant to foaming be-Subscripts

comes smaller. From this result, it is predicted that, when theF : foam flow

amount of surfactant is less than the chemical equivalent value far : feed flow

the bond between metal and surfactant, the foam flow disappears.
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