This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

R Separation Science and Technology

Publication details, including i ions for authors and subscription information:
SEPARATIONSCIENCE | v informaworid comismppfti-comentcorssmosars
AND TECHNOLOGY Removal of Detergents from Aqueous Solutions by Foaming
o . . | WEOdzimierz Zwierzykowski%; Krystyna B. Medrzycka®

* DEPARTMENT OF FAT CHEMISTRY AND TECHNOLOGY, INSTITUTE OF ORGANIC AND FOOD
CHEMISTRY AND TECHNOLOGY GDANSK TECHNICAL UNIVERSITY, GDANSK, POLAND

To cite this Article Zwierzykowski, WELOdzimierz and Medrzycka, Krystyna B.(1973) 'Removal of Detergents from
Aqueous Solutions by Foaming', Separation Science and Technology, 8: 1, 57 — 69

To link to this Article: DOI: 10.1080/00372367308057989
URL: http://dx.doi.org/10.1080/00372367308057989

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/00372367308057989
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 26 25 January 2011

Downl oaded At:

SEPARATION SCIENCE, 8(1), pp. 57-69, 1973

Removal of Detergents from Aqueous Solutions by

Foaming

WLODZIMIERZ ZWIERZYKOWSKI and
KRYSTYNA B. MEDRZYCKA

DEPARTMENT OF FAT CHEMISTRY AND TECHNOLOGY

INSTITUTE OF ORGANIC AND FOOD CHEMISTRY AND TECHNOLOGY
GDANSK TECHNICAL UNIVERSITY

GDANSK, POLAND

Abstract

The anionic (sodium tetrapropylenebenzenesulfonate, Nansa HS-55) and
nonionic (polyethoxylated alkylphenol, Alfenol) detergents were removed by
the foaming method. It was found that there is a possibility of improving
the foaming effect of a nonionic detergent by the introduction of a feeding
solution into the foam phase. As far as an anionic detergent is concerned,
the influence of the kind of feeding was minor in the case of aqueous solutions
as well as with those containing sodium chloride. A simple graphic method
is presented for the determination of the number of the foaming processes
or the number of columns which are to be used in order to obtain the re-
quired detergent removal effect.

INTRODUCTION

The problem of removing detergents from waste water has become
very important because of the continuous increase in their use. Biodegra-
dation of those compounds is not a complete solution of the problem be-
cause not all detergents are susceptible to it (I-4). Unfortunately,
together with an increase in the production of detergents that are easily
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susceptible to biodegradation (5, 6), the production of some compounds
with desirable useful properties but which are not easily decomposed
will also be increased.

In recent years attention has been given to foaming as a method suit-
able for removing all surface-active substances (7-14). The investigation
carried out was mainly concerned with the removal of anionic and cati-
onic surfactants. The influence of some of the process parameters upon
the degree of detergents removal by foaming was investigated. Among
other things investigated were the dependence of the foaming effect on
the concentration of the detergent in the feeding solution, the flow rates
of the solution and gas (7, 12, 14), the concentration of inorganic salts
in the solution (8, 11, 12, 14), and the dimensions of the column (7, 10).

A similar column as used by Newson (9) (fig. 1) was used for the tests
in the present study. A material balance of the foaming process that was
being conducted in a continuous manner is described by the following
equations (9):

Vo=V, + V;, 1
VoCa = VrCr + Vfo (2)
VjCj = V]Cr + VﬂArr (3)

Transformation of Eqgs. (1)—(3) yields the following equation for describ-
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F1c. 1. Scheme of foaming column.
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ing the continuous work of the column

Co_y VoA T,
C, Vo C:

The decontamination factor (C,/C,) is the most important criterion
for the evaluation of the column operation, but it is insufficient. Many
time a high decontamination factor is connected with an increased
amount of water removed with the foam. That is why we have introduced
a so-called foam enrichment factor. It expresses the relation of the quan-
tity of water to the quantity of the detergent that is being removed in
the foam.

(V/VII0% _Co
(V,Cy/V.C)1009, Cf

The C,/C; coefficient. has values from 0 to 1, the process being more fav-
orable the lower the coefficient.

In the present work results are given for experiments in which the col-
umn height of the solution feed was changed. A method is also presented
for the calculation of the process number that should be carried out
under given conditions in order to obtain the appropriate concentration
of the detergent in the raffinate.

EXPERIMENTAL

All the experiments were carried out in an 810-mm long, 45 mm diam-
eter glass column at V, = 101/hr, V, = 2.93 /hr, k;/h, = 0.67. Solutions
of Alfenol 8 (polyethoxylated alkylphenol, R = 8-10, n = 9-10, contain-
ing 989 of surface active substance) and of Nansa HS-55 (sodium tetra-
propylenebezenesulfonate containing 729, of surface active substance)
were subjected to foaming,.

The processes were conducted in a continuous manner.

In the first series of experiments the column was fed with the solution
to the liquid phase at 320 mm height or to the foam phase at 510 mm
height, the other parameters being as deseribed above. The experiments
were conducted with Alfenol at concentrations from 30 to 420 mg/liter.
The dependence of the decontamination factor on the initial concentra-
tion of the detergent is shown for those processes in Fig. 2. It appears
that feed to the foam phase (Curve 1) gives a decidedly better detergent
removal effect than feed to the liquid phase (Curve 2). This is most clearly
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F1a.3. The dependence of water removal with the foam on the coneentration
of Alfenol in the solution. (1) Feeding into the liquid phase. (2) Feeding into
the foam phase.
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seen at lower detergent concentrations. For example, at a concentration
of €, = 62 mg/liter with feed to the liquid phase, the decontamination
factor mounted to 3.2 while with feed to the foam phase gave C,/C, =
24.0. Thus, by changing the technique of feed, an effect almost 8 times
better is obtained in the removal of the detergent in this case.

The dependence (V;/V,)100 = f(C,) for the same processes is shown in
Fig. 3. It is a diagram which gives information on the quantity of water
removed with the foam. It follows from the diagram that the quantity
of water is higher, i.e., the process is less favorable, the more concentrated
is the solution subjected to foaming. Further, it follows from the diagram
that processes conducted at column feed to foam are less favorable in
this respect.

An improvement of the foaming effect (increasing the C,/C, value) is

Fia. 2. Decontamination factor dependence of Alfenol on its concentration
in the solution. (1) h; = 50 cm, feeding into the foam phase. (2) h; = 24 cm,
feeding into the liquid phase.
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associated with a higher loss of water removed with the foam. An evalua-
tion of the process and a selection of parameters merely on the basis of
these two coefficients is difficult. That is why a diagram has been worked
out for the dependence of the foam enrichment factor on the concentra-
tion of the initial detergent (Fig. 4). From Fig. 4, which refers to the same
processes shown in Figs. 2 and 3, it follows that lower C,/C; values are
obtained in the case of column feed at the foam phase than at feed to the
liquid phase. On the basis of Figs. 2 and 4 it is possible to ascertain that
feed of the foaming column to the foam is highly favorable. That state-
ment, however, is justified only for Alfenol. In the case of foaming Nansa
solutions, feed to foam improves the effect of the process to a very small
degree only. A slight increase of the decontamination factor and an in-
significant decrease of the foam concentration coefficient is obtained.
Results achieved in the Nansa foaming processes conducted in the same
way as for Alfenol are shown in Figs. 5 and 6. The solid line represents
the Nansa foaming process from aqueous solutions containing NaCl, and
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Fic. 4. The influence of Alfenol concentration in the solution on the foam
enrichment factor. (1) Feeding into the liquid phase. (2) Feeding into the
foam phase.



14: 26 25 January 2011

Downl oaded At:

REMOVAL OF DETERGENTS BY FOAMING 63

G|
Cr
35 \
iR
25 \ ; o
\ /
20 \KQ &
15 Y= e ————
);i-’»"/‘ - v e e
V=50 10 %0 200 300 %0 560 Co /Yy
F16. 5. Decontamination factor dependence on Nansa concentration in the
solution. (1) Feeding into the foam phase. (2) Feeding into the liquid phase.
{ ) Nansa in 0.01 N NaCl aqueous solution. (- -) Nansa in aqueous
solution.
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Fic. 6. Variation of foam enrichment factor with the Nansa concentration in

the solution. (1) Feeding into the foam phase. (2) Feeding into the liquid

phase. ( ) Nansa in 0.01 N NaCl aqueous solution. (- -) Nansa in aqueous
solution.
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the broken line from solutions containing no NaCl. The improvement of
the sodium tetropropylenebenzenesulfonate removal factor in the foam-
ing process by the introduction of sodium chloride is much higher than
by the change of the method of feeding the column.

In order to make comparison of the removal effect of anionic and non-
ionic detergents possible, an equation n = f(C,), in which n is the rela-
tion of the decontamination factors in a case of feeding to the foam phase
and to the liquid phase, has been used. Thus this equation reveals how
many times the decontamination factor is improved by a change in the
feeding method. From Fig. 7 it may be seen that n is very high for low
concentrations of Alfenol in the solution. In the case of Nansa, »n has
very small values, approximately 1.1-1.2, and is not dependent upon the
Nansa concentration in the initial solution.
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F16. 7. Variation of “n’’ with the detergent feed concentration. (1) Alfenol.
{2) Nansa. (- -) In aqueous solution.
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Fic. 8. Decontamination factor dependence for Alfenol on its concentration
in feed and raffinate. (1) C,/C, = f(C,). (2) C,/C, = f(C5).

In one foaming process the detergent dependency upon the state of
equilibrium of the absorption processes at the interfaces of the system is
removed to a certain degree. The raffinate obtained from foaming may be
subjected to further cleaning as many times as necessary in order to ob-
tain a solution with the minimum required concentration. Thus it is pos-
sible to conduct multistep foaming. In order to determine the number of
columns or processes that are necessary for cleaning the solution to the
required detergent concentration, an equation representing the following
two dependencies has been worked out: C,/C, = f(C,) and C,/C, =
f(C.

Tigure 8 shows such the dependencies for Alfenol in relation to the
foaming processes at the following parameters: V, = 1.88 1/hr; V, =
10 I/hr; by = 50 em; hy/h; = 0.67. Curve 1 represents the dependence
C./C, = f(C,), and Curve 2 the dependence C,/C, = f(C,).

Similarily, Fig. 9 shows the relevant dependences for Nansa HS-55
which was subjected to foaming under the same conditions as Alfenol.
The determination of the process number necessary for obtaining a final
solution with a predetermined concentration is carried out as shown by
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F16. 9. Decontamination factor dependence for Nansa on its concentration
in feed and raffinate. (1) C,/C, = f(C,). (2) C,/C: = f(C}).

the dotted line in the diagrams. From Fig. 8 it follows that in order to
obtain a solution of approximately 25 mg/liter concentration from an
Alfenol solution with a 200-mg/liter ¢oncentration, it is necessary to
conduct two consecutive foaming processes under the given conditions.
In other words, it is necessary to use a set-up composed of two columns
with identical working parameters. If the same effect is wanted with
Nansa, a set-up composed of four columns must be used.

Similarily, it is possible to evaluate the advantage from the foaming
process with the column fed at the foam phase. Figure 10 shows the de-
pendencies C,/C, = f(C,) and C,/C, = f(C,) for the Alfenol foaming
process with the column fed to the liquid phase. The eolumn working
parameters were as follows: h; = 32 em; hy/hy = 0.64; V, = 2.93 l/hr;
Vy = 101/hr; h; = 24 cm.

Figure 11 refers to a series of Alfenol foaming processes with the col-
umn fed to the foam phase at 2; = 50 em. The other parameters were the
same as in Fig. 10.

A comparison of Figs. 10 and 11 shows that in order to diminish the
Alfenol concentration in a solution from approximately 420 to 30 mg/
liter, it is necessary to conduct various numbers of foaming processes.
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In the case of processes with feed to the liquid phase, it is necessary to
use four identical columns; in the case of processes with feed to the foam
phase, only three columns need to be used.

Those results have once again confirmed that the work of the foaming
column is more effective when the feed is given to the foam phase.

CONCLUSIONS

Possibilities have been investigated for the improvement of the re-
moval effect of anionic sodium tetrapropylenebenzenesulfonate) and
nonionic (polyethoxylated alkylphenol) detergents by changing the
method of feeding a continuously operating column. Removal of non-
ionic compounds was several times better when the column was fed to
the foam phase than for feeding to the liquid phase. This is especially
true, with detergents at concentrations of less than 100 mg/liter. Such a
favorable effect, however, is not found in the case of sodium tetrapropyl-
ene-benzenesulfonate, where a change of the method of feed improves the

‘h‘.n
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Fic. 10. Decontamination factor dependence for Alfenol on its concentra-
tion in feed and raffinite for column feeding into the liquid phase.

(1) Cn/Cr = f(Ca) (2) Ca/Cr = f(Cf)
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F1a. 11. Decontamination factor dependence for Alfenol on its concentra-
tion in feed and raffinate for column feeding into the foam phase.

(1) Co/Cr = f(C,). (2) C/C: = f(C)).

detergent removal effect only very slightly. This can be explained by the
fact that the surface adsorption velocity of oxyethylene derivatives is
many times higher than the adsorption velocity of alkylarylsulfonates.

A simple method has been found for graphic determination of the
number of foaming processes indispensable for obtaining the final re-
quired concentration of the detergent in the raffinate. On the basis of the
determined dependencies C,/C, = f(C,) and C,/C. = f(C,), a step line
similar to the caleulation of the number of theoretical plates for a recti-
fication column has been traced. It has been shown by this graphic
method that the number of foaming processes needed to obtain identical
effects in the removal of detergents with alkylarylsulfonate is higher than
in the case of foaming the solutions of oxyethylated alkylphenols.

SYMBOLS

Vv volume flow rate
¢ detergent concentration
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A surface area per unit volume of air in a foam
r surface excess
hy height of the liquid phase
hy height of the foam phase
h:  height of feeding the column with solution
C,/C, decontamination factor
C,/C; foam enrichment factor
V./Vy volume reduction

Subscripts

g relating to gas flow

0 relating to feeding solution
r relating to raffinate solution
f relating to collapsed foam
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