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Generally textile effluents are highly coloured, contain non-biodegradable compounds and they have high content of 
solid wastes, comprising fibres and paper wastes. The discharge of such effluents in the environment is worrying for 
both toxicological and esthetical reasons. The aim of the present work is to study the performances of the combining 
microfiltration-adsorption process for the treatment of coloured waters. Methylene Blue (MB) was used as model compound. 
The effects of significant operating parameters such as transmembrane pressure (TMP) and bentonite concentration on the 
process performance characterized by flux and rejection factor were investigated. Experiments carried out with Methylene 
Blue solutions confirmed the potential of this combined process for the treatment of dyed waters.
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Estudio del proceso combinado de adsorcion-microfiltracion en el tratamiento de aguas coloreadas

Normalmente los efluentes de la industria textil  están coloreados y contienen compuestos no biodegradables además de 
residuos sólidos, fibras y residuos de papel. La liberación de tales efluentes al ambiente es preocupante tanto por razones 
estéticas como toxicológicas. El propósito del presente trabajo es realizar el estudio de las prestaciones del proceso combinado 
de adsorción-microfiltración para el tratamiento de aguas coloreadas. Se utilizó Azul de Metileno como compuesto 
tipo. La influencia de parámetros de operación tales como Presión transmembrana y la concentración de bentonita en el 
comportamiento del proceso, caracterizado por el flujo del permeado y el factor de retorno que fueron los parámetros 
estudiados. Los experimentos realizados con las soluciones de Azul de Metileno han confirmado el potencial del proceso 
combinado para el tratamiento de las aguas teñidas.
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1. IntroductIon

 Many industrial processes use different synthetic 
chemical dyes for various purposes. Effluents coming out 
from these industries are highly contaminated, resulting in 
major environmental problems. Generally textile effluents are 
highly coloured, contain non-biodegradable compounds and 
they have high content of solid wastes, comprising fibres and 
paper wastes.

The discharge of these wastewaters not only damages the 
aesthetic nature, but also may be toxic to aquatic life and people 
[1, 2]. So these waste water need to be treated before disposal. 
Many methods are available for the removal of pollutants 
from water, the most important of which are biodegradation, 
flocculation-coagulation and adsorption [3-5]. Also membrane 
separation technologies have been used for the separation of 
dyes [6, 7]. Among membrane processes, the nanofiltration is 

the most suitable for the decolouration of effluent from textile 
industry. However, its major disadvantage is the decline in 
permeate flux due to adsorption of organic compounds on 
the membrane surface [8]. On the other hand, it have been 
reported that fouling can significantly be reduced by adding 
clays minerals during ultrafiltration of organic molecules [9].

Recently adsorption of acid dyes on bentonite has been 
reported [10], where it was concluded that bentonite is 
effective in the removal of different anionic dyes.

In the present study, adsorption onto two types of natural 
raw materials (bentonite and local clay) is combined with 
microfiltration to examine the suitability of such a combined 
process in treating of coloured wastewaters. Methylene Blue 
(MB) was selected as the model compound. 
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2. MatErIals and MEthods

Bentonite (B) and the clay (LC), from Morocco sources, in 
dry powdered form were used in this work with any further 
purification. They have 59 and 28 m2/gr of specific surface 
and 3.8 and 5 mm particle size respectively. Their chemical 
compositions have been reported elsewhere [11, 12]. The 
dye namely Methylene Blue (MB) with a labelled purity 
for more than 98 % was obtained from a Fisher Scientific 
International Company and used as such. Solutions with 
different concentrations were prepared using distilled water.

Microfiltration experiments were performed, in a dynamic 
regime, using a membrane pilot that was designed and 
fabricated in our laboratory (figure 1) with a inorganic 
tubular membrane (α alumina) of 0,4 μm in pore size, 10 
mm. outer diameter, 7mm. inner diameter and 250mm. length 
(T1-70.  Pall Exekia. France). The crossflow velocity was 0.5 
m/s approximately, and the experiments were carried out 
at 25ºC. Sometimes (for long term experiments) the solution 
was cooled in order to maintain the temperature constant. 
Transmembrane pressure changed in different experiments 
from 1 up to 3 bars.

The experiments in order to compare the capacity and 
permeability of system using Bentonite or a local Clay have 
been carried out using an used-recycled membrane support. 
This fact has been done in order to avoid the fouling effect into 
the results. For this reason permeability for this experiment 
will be lower than in the rest of the experiments.

The concentrations of MB in permeate were determined 
using Jenway 6505 UV/Vis. Spectrophotometer. All 
measurements were done at the wave length corresponding 
to maximum absorbance of 665 nm.

3. rEsults and dIscussIon

The performance of microfiltration system alone (without 
adding Bentonite to the feed solution) was tested at the 
beginning of the experiments using a MB concentration of 
100 mg/l, but no notable rejection of the dyes was recorded. 
The effect of bentonite addition on the flux and composition 
of permeate was examined by varying the dye concentration 
from 20 to 300 mg/l while fixing the feed temperature (25ºC), 
transmembrane pressure (TMP) and bentonite concentration 
(figures 2 and 3). 

Increasing the dye concentration from 20 to 100 mg/l 
appears to have little effect on the rejection of MB (100%). 
However, varying concentration beyond 100 mg/l led to a 
sharp decrease in the rejection factor. From this figure the 
maximum retention capacity of the system can be estimated 
as 10% of the total weight of bentonite. This behaviour is 
compatible results reported in the literature regarding the 
effect of bentonite addition on the removal of MB [13].

The variations of permeate flux with step increments of 
transmembrane pressures (TMP) were studied (figure 4). In 
this case, when the flux decreases dramatically (more than 
30%) the pressure was increased in order to re-establish the 
flux.

For the first TMP of 1.5 bar, the permeate flux showed 
sharp reduction from 275 to 150 l/hm2. By increasing the 
TMP the value of permeate kept on increasing. Once the TMP 
arrives to 3 bar, the permeate flux reached a maximum value 
of 370 l/hm2. It also can be observed than, once the increment 
of TMP arrives to 2 bar or higher, and when the flux is 
stabilized, a near-constant value (they are into the error limit) 
of flux (~ 200 l/hm2) is obtained.

Fig. 1: Schematic drawing of experimental setup 
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Fig. 2: Microfiltration of bentonite suspension in presence of MB.

Fig. 3: Evolution of the rate of retention in function of the [MB].

Fig. 4: Variation of permeate flux with time under step increment of 
TMP.

Fig. 5: Effect of the nature of material on the rate of retention

At this stage the flux shows its independence of TMP. It 
can be explained considering the formation of a Bentonite 
layer on the membrane surface. When the TMP increase, this 
layer compacts, decreasing the porous volume and size, and 
consequently its permeability. Nevertheless, this compaction 
has a limit that probably takes place at TMP near 2 bar. For this 
reason the use of higher pressures have no sense.

At the descending phase, the evidence of hysteresis was 
significant after TMP was decreased. The permeate flux was 
far below the one recorded at the same TMP ascending phase.

In addition, the effect of the nature of adsorbent on the 
retention of MB was studied by comparing the filtration of 
dye solutions in presence of Bentonite and local clay (figure 5).  
The retention of MB obtained are 100 and 86 % in presence B 
and LC respectively. This may result from a relative difference 
of their microstructural characteristics.

Considering the flux two facts can be stated:
• First that the flux reach a steady state in less than 5 

minutes, when Bentonite is used, while it remains 
decreasing when the Local Clay is used.

• A higher flux (near 20% after 20 minutes) is observed 
when local clay is used. This important result must be 
studied in the future, because the membrane output is 
an important parameter in this kind of systems.

4. conclusIon

This study was concerned primarily with investigating of 
microfiltration-adsorption as a single step treatment process 
for the removal of Methylene Blue dye from aqueous solution. 
The hybrid process utilizes the capabilities of clay to adsorb 
dyes and the capabilities of microfiltration to remove colloids. 
The addition of Bentonite to the feed solutions was found 
to increase the rejection coefficient of Methylene Blue, but 
considerably deteriorate the permeate flux.

The maximum retention capacity of the Bentonite 
measured has been 10% of the total weight of this material. 
Nevertheless the use the combined system (Microfiltration-
adsorption) gives the possibility to recycle the system easily.
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The permeability reaches a maximum, when the TMP 
increase at values of 2 bar, or higher. For this reason the use 
of higher pressures has not a negligible effect in this system.

Experiments run with Methylene Blue solutions confirmed 
the potential dye rejection of this combined process for the 
treatment of dyed waters.
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