African Membrane Society
Water 3% Environment, Process, Energy

Sfax, Tunisia, May 3-5, 2016 - Membrane Water Treatment in 59"
Small Urban and Village Centers

A~

)

Preparation a New Polymeric Membranes for Studying the Facilitated
Transport of Cadmium Ions from Aqueous Solutions

Tarik ELJADDIY, Mohamed RIRIY, Mustapha HOR?, Youssef CHAOUQI, Laurent LEBRUN?,
Miloud HLAIBI*

!Laboratoire Génie des Matériaux Pour I’Environnement et la Valorisation, University of HASSAN Il Casablanca,
Morocco
2Laboratoire des Polyméres, Biopolyméres, Membranes, UMR 6522 du CNRS, University of Rouen, France
eljaddi@gmail.com

Abstract: In this work, we have developed asymmetric membranes using PSU as a support, PVP as a co-
polymer and Cholic acid (CA) as a carrier by the phase inversion method, we have characterized prepared
membranes by various techniques like SEM, IR, angle contact. Then, we have realized the facilitated transport of

some ions like cadmium ions in acidic solutions (pH=1). A kinetic model is used to determine the Macroscopic
parameters (permeability P and initial flux J0), for understanding this phenomenon of facilitated transport and

therefore extraction of these ions by this type of membranes, we have developed

a mechanism based on the

association between substrate (ion) and carrier (CA), flowed by diffusion of the formed complex through
membrane phase. The experimental results verify this mechanism and, allow finding the microscopic parameters:
(association constant Kass and apparent diffusion coefficient D*) related to the migration of the complex
(Substrate-Carrier) formed through the membrane. Finally, we have developed a stable membrane at different

conditions like pH or Temperature.

Keywords: facilitated extraction; PSU/PVP; ions; initial flux; permeability.

1. INTRODUCTION

Actually, we need to develop some techniques for
treating or produce the fresh water because the
population in our planet grows rapidly and, we don’t
have enough resources for water or it is polluted by
solid, liquid or gas waste like toxic metals (cadmium,
chromium,...). Many researches are conducted to extract
cadmium ions by several types of polymeric
membranes: supported liquid membrane (SLM) [1],
polymer inclusion membrane (PIM) [2], Bulk liquid
membrane (BLM) [3], in addition, Membranes formed
by polysulfone PSU and polyvinyl pyrrolidone (PVP),
have better physicochemical properties [4].

In this work, we will introduce the Cholic acid (CA) as
a carrier in the matrix of PSU / PVP for studying the
facilitated transport of cadmium ions through the
functionalized polymer membrane (FPM) that are
characterized by several techniques. Also, we have used
kinetics and theoretical models for determining the
macroscopic (P, J0) and microscopic (Kass, D¥*)
parameters for facilitated extraction of cadmium ions.

Il. MATERIALS AND METHODS
2.1 Chemical products
All reagents, solvents and chemicals used in this study
are pure commercial products (Aldrich, Fluka and

Alpha Aesar). Cadmium and copper ions acids are
prepared from solutions of cadmium nitrate hydratedand
copper sulfates and the pH was adjusted with HCI and
NaOH.
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Figure 1: Structures of components.

2.2 Membrane preparation

The membrane was prepared by phase inversion method
the mixture of polysulfone and polyvinylpyrrolidone
(PVP) in NMP as solvent followed by addition of
Cholic acid (CA) as an extractant, we have used a pure
water bath of phase inversion at room temperature [5].

2.3 SEM observation

The samples were fractured in liquid nitrogen and
coated with gold—palladium and then observed by a
scanning electron microscope (ZEISS EVO40EP).

2.4 FTIR spectroscopy

The equipment used is an infrared Fourier transform
spectrometer AVATAR 360 ESP FTIR Nicolet piloted
by OMNIC as computer program, measurements are


mailto:eljaddi@gmail.com

Preparation a new polymeric membranes for studying the facilitated transport of cadmium ions from aqueous solutions

performed in the laboratory of PBS Rouen in France,
analysis of the membranes is made at normal pressure
and room temperature [6].

2.5 Transport experiments

Transport experiments were performed in a cell (Fig.2),
that contains two compartments, the source phase (F)
and the receiving phase (R) the system is immersed in a
thermostatic bath (TB) and agitation provided by a
multi-station magnetic stirring (MS), to follow the
evolution of the facilitated extraction of cadmium or
copper ions, we took samples from the receiving phase
as a function of time, and we used atomic absorption
spectroscopy (Shimadzu) to analyze the samples.
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Figure 2: Transport cell.

111 RESULTS AND DISCUSSION
3.1 Characterization of the membrane
3.1.1 Contact Angle
In the present study, all prepared membrane are
relatively hydrophilic (e<90°) table 1.
The hydrophilicity character increases with addition of
PVP and it increases more after addition of Cholic acid,
this evolution can be attributed to functional groups in
PVP and CA added. We can be explained this by the
mechanism of action involved during the phase
inversion process. During membrane formation, the
hydrophyilic functions migrate towards the top of the
membrane as the top layer is more exposed to
water[7].The thickness of the membrane was measured
using the Palmer; it is in the order of 106um.

Table 1 : Contact angle

membrane Contact angle (°)
PSU alone 68.60

PSU/PVP 65.9
PSU/PVP/AC | 58.6

3.1.2FTIR

Figure 3 shows the spectra relating to prepared
membranes: (PSU / PVP)-AC ,PSU alone, PSU/PVP,
Cholic acid alone ,PVP alone, the group are identified in
the spectrum, we find that the membrane contains the
matrix the base polymer PSU and PVP polymer,
essentially, the first characterized by the group “S” is
present the spectrum.

For the PSU / PVP-AC membrane, we note that there
has apparition a band about 1700cm-1 characteristic of
“C=0” group which confirms that the extractive agent is
grafted in the membrane matrix, other evidence that
confirms this results , the apparition of a wide band
about 3400cm-1, which also exists in the spectrum of
the extractive agent only and does not exist in the

spectrum of PSU alone, so the source of this group is
probably the “CA”, more than that, there is the
disappearance of a band characteristic of group “C-OH”
carboxylic about 1395-1440 cm-1 thus confirming that
the grafting of the function of “CA” is in matrix PSU /
PVP. Similar results were found by addition the citric
acid in the PSU in the work of Xinyu et al [8].

Figure 3: ATR-FTIR analysis of prepared membrane

3.1.3 Membrane morphology:

The SEM images of prepared membranes were recorded
and shown in Figure 4, membrane exhibited
characteristic asymmetric structure of dense top layer
followed by macro-voids. Membranes with PVP and
CA demonstrated noticeable changes in top layer. The
macro-void structure was altered by the addition of PVP
and CA to PSU polymer matrix. this change can be
explain by the relative hydrophilic character of PVP and
CA which is responsible for the fast exchange of solvent
(NMP) and non-solvent (water) during the phase
inversion process which leads to extended porosity as
well as changes in the macro-voids structure.
Membranes are homogeneous and contain cavities of
different sizes, communicative through pores. Despite
the existence of pores in PSU/PVP membranes, we have
not observed any transport of cadmium or copper ions
through these membranes, this result can confirm the
existence the interaction between ions and cholic acid
(CA).

i o amsage:
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Figure 4: Micrographs of the cross-sections of membranes

3.2 Facilitated transport of Cadmium ions

3.2.1 Quantity of extractiveagent (CA)

We have transported the cadmium ions using the
membrane PSU/PVP/CA at T = 25 °C and pH = 1 for
initial concentrations of 0.0125 M to 0.1 M, we used the
calculation model [9]-[11]. The figure 4 represents the
linear evolution of -Ln (C0-2CR) = f (time, and shows
that kinetic model is verified and the mechanism for this
process is the same for ions extracted through both
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membranes prepared. The slopes of these line segments

allow to determine the macroscopic parameters P and

JO relating to performance of each of the membrane-

type PSU / PVP-AC adopted for facilitated extraction of

Cd (1) ions), and the different values obtained are listed

in Table 2.
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Figure 5: Evolution of-Ln (C0-2CR)= f (t) for facilitated extraction of
Cd(ll) ions throught membranePSU /PVP-AC. pHF=pHR=1,C0=0.1
Mand K= 298K.

Table2: Kinetic parameters

Px 107 Jox10°
Masseof CA | COM | oy | imole -t cm

0.59 0.1 20.10 1.90

0.05 20.87 0.98
0.025 21.64 0.51
0.0125 | 2241 0.26
1g 0.1 17.50 117
0.05 18.59 0.62
0.025 19.69 0.33
0.0125 | 20.78 0.17
|0‘5gAc=106um, |1gAc=150l.lm, pHR = pHF:1 et T=298 K.

Analysis of the results summarized in the table 2,
indicates that the membrane PSU / PVP-AC 0.5 g of CA
agent is performing better than membrane of 1g of CA.
Certainly is an optimum concentration of the extractive
agent for this type of functionalized membranes, and
optimum mass is less than 1g in CA agent. Moreover,
these parameters P and JOhave a reverse variation with
initial substrate concentration CO, a low of CO in the
feed phase results in decreased flux JOand an increased
permeability P, for this reason, the search for an
adequate concentration COis necessary for a better
compromise for the parameter values P and JO for
getting a better performance of membrane.. therefore,
the introduction of PVP polymer only improve the
performance of this new type of membranes (PSU /
PVP-AC) by increasing their porosity and certainly
giving of freedom of movement to the CA agent
molecules present in the membrane.

To explain and better understand this phenomenon, we
have adopted a thermodynamic model (Ref), based on
the interactions between the substrate (ion) and the
extractive agent, and which are necessary for diffusion
of these ions through membrane phase.

Figure 6 relative to the Line weaver-Burk representation
of curves 1 / JO = f (1 / CO) provided by this model
show linear evolution with positive slopes of straight
segments. These results confirm the proposed
mechanism in the model. The slopes and intercepts of

these lines allow to determine the values of the
microscopic parameters, Kass association constant of
the substrate (ion) with the extractive agent(CA), and
the apparent diffusion coefficient D* of migration step
which is the rate-determining step of the mechanism.
All values obtained for these two parameters Kass and
D * relating to the studied process are summarized in
Table 3,the analysis shows a clear inverse evolution of
microscopic parameters Kass and D *, in other words, a
low value of Kass corresponds to a high value of
coefficient D * and therefore a better performance of the
membrane adopted, and vice versa. These results
confirm the low performance of membrane (1 g CA)
with a high value of the constant Kass and low value of
the coefficient D *. So the addition of a small amount of
PVP polymer for the preparation of this new type of
membranes, provides more porous membranes (SEM
images) and more efficient for the studied process. .
Finally, the variation of specific parameters Kass and D
* indicates that certainly the diffusion of a substrate
(ion) from feed phase to receiving phase through the
membrane, is made according to a result of reversible
reactions (Association / Dissociation) with formation
and decomposition of a pseudo entity (ion-CA) required
for this migration.
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Figure 6: Lineweaver-Burkrepresentation of (1/J0= f(1/C0))

Table 3: microscopic parameters

Cholic Acid (CA) D*x 106cm2s-1 Kass
05¢g 9.3 1.75
1g 2.6 2.83

|0_5g/.\(;= 106um et IlgAC: 150|J.m

3.2.2Influence of pH

In the aqueous solutions, acidity factor is very important
and can influence the soluble forms of the metal
captions, for example, depending on the pH of the
environments studied some forms become unstable and
with very small concentrations [12], [7].To check the
influence of this factor on the evolution of the
performance of membranes PSUPVP-AE. We
performed kinetic experiments for facilitated extraction
of Cd (Il) ions through a membrane-type PSU / PVP-
CA with best performing containing 10% of in PSU,
PVP and [AC ] =010 M. at T = 298 K, of initial
concentrations of substrate (ion) COranging from 0.10 to
0,0125 M and the three respective acidities pH = 1, 2
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and 3 of the two compartments (feed and receiver).We
used the same model by following the evolution of Ln
(Co-2CR) = f (time) (figure 7). The slopes of various
lines quantify the parameters P and Jo according to the
terms established by the kinetic model, and all the
values for these parameters are listed in Table4. The P
and Jo parameters changes lightly with the acidity of
feed and receiving phases, the table show the
performance of membranes is best for environments
with high acidity (low pH).
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Figure 7: Evolution of-Ln (Co-2Cg) = f (t) for facilitated
extraction of Cd (lI) ions through the membrane PSU
/PVP-AC. pHr=pHgr= 1,2 and 3,C0=0.1 M and K=
298K.

Table4: Kinetic parameters

Px 107 JOx 10° mmole
PH CcoM cm?s?t stcm?

0.1 31.93 2.11

1 0.05 33.03 1.09
0.025 34.13 0.57

0.0125 35.23 0.29

0.1 29.95 1.98

2 0.05 31.05 1.03
0.025 32.04 0.53

0.0125 33.47 0.28

0.1 28.63 1.90

3 0.05 29.73 0.98
0.025 30.83 0.51

0.0125 32.26 0.27

| =151ymet [AC] =0,10 M

The study of the evolution of the function 1/Jo=f(1/Co)
according to Line weaver-Burk method (figure 8) shows
linear evolution for the three acidities. Which confirms
the proposed mechanistic model. The slopes and
intercepts of the straight lines were used to calculate the
values of Kass and D* parameters according to
equations prescribed by the thermodynamic model, and
all results obtained for these parameters are summarized
in Table 5.

After analyze of the results, the interactions between
ions and CA are low in acidic medium which allows the
formation of (ion-CA) unstable, and therefore a high
diffusion of the substrate through the membrane and
better performance of PSU / PVP-AC membrane, for
facilitated extraction of Cd (1) ions.
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Figure 8: Line weaver-Burk representation of (1/J0=
f(1/C0))

Table 5: microscopic parameters

pH D* 10% cm2 52 | Kass
1 22.8 1.57
2 18.2 1.89
3 16.2 2.07

1=151pm et [AC]=0,1M

These results show the free forms of ions are unstable in
the membrane phase. Indeed, these free forms favored
by high acidity are loaded and establish very weak
interactions with CA molecules, with greater diffusion
through the membrane phase. The overall results show
that the influence of the acidity factor on the
performance of such membranes for the studied process
remains weak in the field of studied acidity (pH = 1, 2
and 3) as the free forms of Cd(ll) are little affected. In
contrast to low acidity (pH greater), this influence is
more important because the forms-related will be
favored.

Finally, studies by Gulsin A. et al. indicated similar
trends as a function of acidity factor for the extraction of
Cr (VI) ions [13].

IV. CONCLUSION

In this work, we have prepared by phase inversion
method a new membrane at the base PSU / PVP and
Cholic acid as an extractive agent, which was
characterized by SEM, IR and contact angle,.

Also, we have verified our model calculation and
calculated parameters related to facilitated extraction of
cadmium ions through the membrane prepared and we
have studied the effect of CA quantity and acidity of
feed and receiving phase,
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This study is a first step to develop a membrane for
protect our environment by recovering a Cadmium ions
for recycling and treating a wastewater.

REFERENCES

[1] T. Eljaddi, O. Kamal, E. H. El Atmani, I. Touarssi,
L. Lebrun, and M. Hlaibi, “Effective supported
liguid membranes for facilitated extraction
phenomenon of cadmium (Il) ions from acidic
environments: parameters and mechanism,” Can.
J. Chem. Eng., vol. 9999, pp. 1-9, Dec. 2014.

[2] C. Fontas, R. Tayeb, M. Dhahbi, E. Gaudichet, F.
Thominette, P. Roy, K. Steenkeste, M.-P.
Fontaine-Aupart, S. Tingry, and E. Tronel-Peyroz,
“Polymer inclusion membranes: The concept of
fixed sites membrane revised,” J. Memb. Sci., vol.
290, no. 1-2, pp. 62-72, Mar. 2007.

[3] S. Koter, P. Szczepanski, M. Mateescu, G.
Nechifor, L. Badalau, and 1. Koter, “Modeling of
the cadmium transport through a bulk liquid
membrane,” Sep. Purif. Technol., vol. 107, pp.
135-143, 2013.

[4] N. Ghaemi, S. S. Madaeni, A. Alizadeh, P. Daraei,
M. M. S. Badieh, M. Falsafi, and V. Vatanpour,
“Fabrication and modification of polysulfone
nanofiltration membrane using organic acids:
Morphology, characterization and performance in
removal of xenobiotics,” Sep. Purif. Technol., vol.
96, pp. 214-228, Aug. 2012.

[5] T. Eljaddi, A. Benjjar, O. Kamal, M. Riri, L.
Lebrun, and M. Hlaibi, ‘“Preparation and
characterization of new membranes PSU / PVP for
the extraction of cadmium ions from acidic
solutions,” Moroccan J. Chem., vol. 5, pp. 470-
474, 2014.

[6] E. Goormaghtigh, V. Cabiaux, and J.-M.
Ruysschaert, “Physicochemical Methods in the
Study of Biomembranes,” 1994. [Online].
Available: http://www.springerlink.com/index

/10.1007/978-1-4615-1863-1. [Accessed: 07-Mar-
2014].

[7] B. M. Ganesh, A. M. Isloor, and a. F. Ismail,
“Enhanced hydrophilicity and salt rejection study
of graphene oxide-polysulfone mixed matrix
membrane,” Desalination, vol. 313, pp. 199-207,
Mar. 2013.

[8] X. Wei, Z. Wang, J. Wang, and S. Wang, “A novel
method of surface modification to polysulfone
ultrafiltration membrane by preadsorption of citric
acid or sodium bisulfite,” Membr. water Treat.,
vol. 3, no. 1, pp. 35-49, 2012.

[9] A. Benjjar, T. Eljaddi, O. Kamal, K. Touaj, L.
Lebrun, and M. Hlaibi, “The development of new
supported liquid membranes (SLMs) with agents:
Methyl cholate and resorcinarene as carriers for
the removal of dichromate ions (Cr207 2-),” J.
Environ. Chem. Eng., vol. 2, no. 1, pp. 503-509,
Mar. 2014.

[10]T. Eljaddi, O. Kamal, A. Benjjar, M. Riri, M. E.
Elatmani, L. Lebrun, and M. Hlaibi, “New
supported liquid membranes containing TBP and
MC as carriers for the facilitated transport of
cadmium ions from acidic mediums: Parameters
and mechanism,” J. Mater. Environ. Sci., vol. 5,
no. 6, pp. 1994-1999, 2014.

[11]T. Eljaddi, A. Benjjar, O. Kamal, M. Riri, L.
Lebrun, and M. Hlaibi, “Recovering copper ions
from industrial environments by supported liquid
membranes:  parameters and  mechanism,”
Moroccan J. Chem., vol. 1, pp. 1-7, 2015.

[12]S. Rouaix, C. Causserand, and P. Aimar,
“Experimental study of the effects of hypochlorite
on polysulfone membrane properties,” J. Memb.
Sci., vol. 277, no. 1-2, pp. 137-147, Jun. 2006.

[13]G. Arslan, A. Tor, H. Muslu, M. Ozmen, I. Akin,
Y. Cengeloglu, and M. Ersoz, “Facilitated
transport of Cr(VI) through a novel activated
composite membrane containing Cyanex 923 as a
carrier,” J. Memb. Sci., vol. 337, no. 1-2, pp. 224—
231, Jul. 2009.


http://www.springerlink.com/index

African Membrane Society
Water 3% Environment, Process, Energy

Sfax, Tunisia, May 3-5, 2016 - Membrane Water Treatment in y"’
Small Urban and Village Centers

A
)

Osmosun, un Systeme de Dessalement Solaire Photovoltaique

Autonome, au Fil du Soleil Sans Batterie de Stockage Electrique
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MASCARA NT, Espace Atlantic LOT 21, 20 rue Gustave Eiffel, 28630 Gellainville, France.
m.vergnet@mascara-nt.fr

Résumé : Le dessalement par osmose inverse apparait comme une solution pour satisfaire les besoins croissants en eau
d’une population mondiale qui sera sous stress hydrique pour 3,9 milliards de personnes en 2030 (source : OCDE). Les
technologies actuelles sont fortement consommatrices de combustibles fossiles et ne sont pas adaptées aux besoins
inférieurs @ 1000m3/jour ni aux réalités économiques, techniques et organisationnelles des petites collectivités. La
Société MASCARA NT a développé une technologie nouvelle, OSMOSUN, de dessalement solaire autonome, sans
stockage électrique avec de trés faibles consommations énergétiques (2,5

KWh/m3 d’eau dessalée), des couts de production de I’ordre de 1€ /m3. Robustes, automatiques et en télé-
suivi/télémaintenance, ces équipements ont été congus pour une gestion a la portée des petites collectivités. Un
démonstrateur a été installé sur la plateforme d’expérimentation des technologies avancées de dessalement de Ghantoot

en partenariat avec MASDAR a Abu Dhabi.

Mots Clés énergie renouvelables, Energie solaire, dessalement, osmose inverse, systéme autonome.

l. INTRODUCTION

Le dessalement par osmose inverse apparait comme
une solution pour la satisfaction des besoins croissants
en eau d’une population mondiale qui sera sous stress
hydrique pour 3,9 milliards de personnes en 2030, [1]. Le
dessalement annuel de 21 milliards de m® d’eau génére
aujourd’hui un rejet de 80 millions de tonnes de CO, et
240 millions de tonnes en 2040 si rien n’est fait d’ici la.
Un tel risque a conduit a la signature, pendant la COP 21,
le 5 décembre 2015, de I’Initiative Climat Dessalement
« Global Clean Water Desalination Alliance H20
minus CO2 » qui fixe des objectifs ambitieux
d’utilisation des Energies Renouvelables pour les
nouvelles installations de dessalement réalisées dans le
monde (20% en 2020 croissants jusqu’a 80% a partir de
2035) et engage de nombreux programmes
d’amélioration des process de dessalement et de
réduction des consommations énergétiques [2].
Par ailleurs, il n’existait pas d’équipements de
dessalement de faibles capacités (inférieures a 1000
md/jour) adaptés aux contextes économiques, techniques,
logistiques des petites collectivités. Dans les
équipements conventionnels diesels, les colts élevés de
production de I’eau potable avec des approvisionnements
récurrents en combustible et la difficulté a assurer
I’exploitation et surtout la maintenance des équipements
conduisaient souvent a I’abandon des unités de
dessalement.
L’usage de I’énergie solaire photovoltaique dont les colits
ont été réduits d’un facteur 3 en 6 ans pour atteindre
aujourd’hui 8 a 10 cents d*€/KWh avec des garanties de
production de plus de 20 ans permet une réduction
importante des colts de production d’eau dessalée.

Pour la premiére fois au monde, la Société
MASCARA NT a développé des équipements industriels
de dessalement d’eau de mer, OSMOSUN, fonctionnant
de fagon autonome, a I’énergie solaire, sans stockage
électrique et avec zéro émission de CO2.

Les trés faibles consommations spécifiques (2,5
KWh/m?) et I’usage de I’énergie solaire conduisent a des
co(ts de production de I’ordre de 1 € /m3. La conception
robuste, le fonctionnement automatique directement
piloté par 1’énergie solaire, 1’absence de cofits récurrents
élevés et la facilit¢ d’exploitation maintenance sont
parfaitement adaptés a une gestion par de petites
collectivités.  La société MASCARA NT est une
entreprise nouvellement créée par Marc VERGNET,
fondateur du groupe VERGNET (hydraulique villageoise
: 55 millions de personnes alimentées par 1’hydropompe
VERGNET en Afrigue, ENR: 700 éoliennes
anticycloniques installées dans le monde et plusieurs
centaines d’équipements solaires photovoltaiques)

Il. ETAT DE L’ART DU DESSALEMENT
SOLAIRE

L’utilisation de batteries a toujours été mise en ccuvre
pour permettre un fonctionnement continu des
installations 24/24. A notre connaissance, pour des
systémes produisant plusieurs dizaines de m*par jour, un
osmoseur alimenté par des panneaux solaires
photovoltaiques associés a des batteries de stockage de
I’énergie semble é&tre la seule technologie ayant
dépassé le stade de R&D (Tableau 1).
Beaucoup de petits systemes de dessalement
photovoltaique ont été implantés dans le monde
spécialement dans les zones isolées et les iles. Il ressort
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que :

o Les projets de dessalement au fil du soleil n’ont
concerné que de faibles capacités de production et sont
souvent limités au dessalement d’eaux saumatres.

e Les projets plus significatifs en termes de capacité
incluent un stockage de I’énergie sur batteries et
présentent des codts de production de I’ordre de 6 a
8 US$/m?® d’eau produite (voire 40 US$/m*® d’eau
produite (voir Vanuatu) compte tenu d’un surcot de
1,1€ du kWh stocké [4].

Table 1. Comparative costs for common renewable desalination, [3]

fod\nk:d Water Cost
(USD/m”)

<0.1m'™d Solar passive 1.3-65 Application
Solar-Multiple Effect thermal: 100
Humidification ~100mM giectricat: 1.5 2505 Aaphcabon
Solar- Membrane 7
e 0.16-10mYd  thermal: 150-200 10.4-19.5 RA&D
Solar/CSP-Multiple thermal: 60-70 23-29
Effect Distilaton > 000 ™M gociical 152 (possible cost) L
Photovoltaic- | S bt BW: 65-9.1 RAD
Reverse Osmosis SW- 45 SW: 11.7-1586 Application
Photovoltaic-
Electrodialysis <i00mig = Slecwicat only BW104-117 RAD
BW:3-4
Reversed
Units under 100
oloctrical: BW. s
Wind- Reverse 50-2.000 m'A 05-15 BW:39-65 R&D
Osmosis 4 ) SW. 4-5 SW65-9.1 Application
About 1,000 m¥d,
2-52
Wind- Mechanical electrical: only Basic
Vapor Compression < 100 M%d SW:11-14 52-7.8 Research
Wing-
Electrodialysis = = BW:2.0-3.5 =
Geothermal-
Multi Effect Disti- = - SW:38-57 =
ation

De nombreux travaux de R&D ont été menés sur le
developpement d’unités flexibles compatibles avec un
fonctionnement au fil du soleil, sans batterie (en
vert sur la Figure 1), cependant « aucun projet ayant
dépassé le stade de la R&D n’a mis en ceuvre de systémes
au fil du soleil, c’est-a-dire sans batterie de stockage »
[5]. Ainsi, il n’existe pas aujourd’hui sur le marché
d’équipements industriels de dessalement fonctionnant
au fil du soleil, c’est-a-dire sans batterie.
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Figure 1. Solar-driven RO desalination systems: geographical
distribution and type in Mediterranean and MENA countries, and
worldwide.

11l PRESENTATION DE LA TECHNO- LOGIE
OSMOSUN ET COLLABORATION AVEC
MASDAR
Pour la premiére fois au monde, MASCARA NT a
développé et breveté une unité d’osmose inverse
totalement flexible et adaptée aux variations de la
puissance solaire d’un générateur photovoltaique

(Figure 2). Cet équipement permet la production
automatique d’eau en fonction de [I’énergie solaire
disponible, tout en optimisant et contrélant les
parametres de longévité des membranes (variation de
pression et de débit) avec le soutien de I'IEM, les
consommations  énergétiques les  plus basses au
monde : 2.5 kWh/m? d’eau potable a partir d’eau de mer
a 35 g et la salinité des perméats.

Figure 2. Autonomous PV solar desalination unit
developed by MASCARA NT

Dans le cadre d’un Programme de Collaboration Avec
Masdar (Abu Dhabi), un démonstrateur OSMOSUN est
en cours d’installation sur la plateforme des technologies
avancées de dessalement de Ghantoot aux cOtés des
quatre pilotes des plus grands industriels du dessalement
(SUEZ, VEOLIA, ABENGOA et TREVI System)
(Figure 3). OSMOSUN devient ainsi la premiere
technologie entierement solaire mise en ceuvre
industriellement.

Démonstrateur MASCARA a Abou
Dhabi

Masdar &3

Et maintenant, le
démonsirateur
MASCARA!




Osmosun, Un Systéme De Dessalement Solaire Photovolaique Autonome, au Fil du Soleil Sans Batterie de Stockage Electrique

Figure 3. MASCARA NT demonstrator set-up on the
experimentation  platformof  advanced technologies in Ghantoot
in partnership with MASDAR in Abu Dhabi.

V. LES AVANTAGES DECISIFSDE LA
TECHNOLOGIE OSMOSUN

4.1 Un systeme respectueux de I’environnement

Ce systéme évite toute émission de CO2 grace
a I’alimentation solaire ou énergie renouvelable. Les taux
de salinité des concentras rejetés en mer sont faibles (40
a 45 g/l contre 80 a 90 ¢/l dans les unités
conventionnelles.

DES AVANTAGES DECISIFS

Figure 4. Advantages of the OSMOSUN technology.

4.2 Un systeme compétitif

Malgré un colt d’investissement deux fois
supérieur (y compris le générateur solaire
photovoltaique) pour OSMOSUN par rapport a des
unités conventionnelles consommatrices de pétrole, les
co(ts de production d’eau potable sont deux fois moins
élevés (1,2 a 1,5 €/m®) avec des temps de retour sur
investissement de I’ordre de 3 a 5 ans (Figure 5).
Cette tres forte compétitivité est liée aux faibles
consommations spécifiqgues d’OSMOSUN et aux trés
bas colts actuels du solaire photovoltaique (8 a 12 cents
d’€/kWh).

V. OSMOSUN, UN SYSTEME ADAPTE A
L’ALIMENTATIONDES COLLECTIVITES
ISOLEES
Les équipements OSMOSUN ont été congus pour étre :

- Robustes

-Automatiques

- Faciles d’exploitation et maintenance

-Télésuivis et télémaintenus

a I’image des 110 000 équipements de pompage
installés par Marc VERGNET en Afrique. Avec une
gamme de 40 m® & 300 m*/jour en 2016 et 1 000 m 3/jour
en 2017, MASCARA pourra alimenter des collectivités
de plusieurs milliers de personnes en eau potable et
permettre des irrigations maraicheres ou ferreuses.

VI. CONCLUSION
MASCARA s’est spécialisé dans les traitements
membranaires solaires de 1’eau pour des petites
communautés ou des sites isolés. La réussite du
programme OSMOSUN permet d’envisager le
développement de nouveaux produits tels que :

LA COMPETITIVITE :
OSMOSUN vs Osmose diesel

vnse oo

wane -
1o0ac0 s

s | T
i

w00 - OSMOSUN vs Conventional Plant
= Net Prosent Valuo

-------

nnnnnnn

Temps de retour sur investissement inférieur & 5 ans

Figure 5. Comparison of return on investment between the
OSMOSUN technology vs conventional RO plant.

e le dessalement solaire d’eaux saumatres
(nanofiltration ou osmose inverse) en relation
avec I’Institut Européen des Membranes
(IEM)les traitements solaires des eaux
fluorées, arsenicales

Par ailleurs, en relation avec POLYMEM, un
systeme d’ultrafiltration solaire fait également I’objet
d’un programme de recherche développement.
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Abstract : An asymmetric nanofiltration carbon membrane has been prepared by carbonizing a phenolic resin using as
polymer precursor and source of carbon. The membrane was composed of a mesoporous interlayer with an average pore
size of 0.6um deposited by slip casting process on the inner face of a macroporous support. The nanofiltration top layer
was deposited by vacuum slip casting process using an alcoholic solution of phenolic resin during 60 s. A crack-free
membrane with a thickness layer of 1.36 um, an average pore size of 1.1 nm and a molecular cut-off of 400Da was
obtained in one step. The application of the carbon NF membrane to the treatment of industrial textile wastewater
shows good performances in term of permeate flux and removal of pollutants efficiency. It was found that the treated
wastewater could be recycled into the textile industry processes or can be discharged into the municipal sewerage in

compliance with Tunisian legislations.

Keywords: Carbon membrane, Nanofiltration, Phenolic resin, Treatment, Textile wastewater.

l. INTRODUCTION

Nanofiltration (NF) is a pressure driven separation
process intermediate between reverse osmosis (RO) and
ultrafiltration (UF), which rejects molecules having the
size in the order of one nanometer [1-3]. NF membranes
are potent in the separation of inorganic salts and small
organic molecules with lower osmotic pressure
difference, higher permeate flux compared to RO,
relatively low investment and low operation and
maintenance costs. These properties have allowed NF to
be used in various applications in many areas especially
for water and wastewater treatment, pharmaceutical,
biotechnology, and food engineering [4-7].

Pure inorganic NF membranes have the advantages of
polymeric membranes in addition to a high chemical,
thermal and mechanical resistances, easy regeneration
and long service life [8]. However, ceramic membranes
are difficult to fabricate and may have many defects in
the microstructure which require several additional steps
to correct or compensate these defects. To overcame these
problems and improve the performances of NF
membranes, numerous studies have been focused on the
production of organic-inorganic composite membranes
that combine characteristics of polymers and ceramics [9-
11]. The polymer/ceramic composite membranes are
potentially the most suitable for nanofiltration, gas
separation and membrane distillation. The preparation of
the NF composite membrane consists of carbonizing a
polymeric precursor deposited on a porous supported
membrane. In this regard, considerable efforts have been

made in terms of developing precursors with low cost
and high carbon yield, a good choice of the supported
membrane and the preparation process, in order to reduce
the cost of production and obtain final material having a
good structure [12]. Several parameterscan affect the
microstructure of the active layer, but the nature of
the polymer precursor remains the crucial parameter that
affects the final structure of carbon NF membranes [12,
13]. It was found by many researchers that the phenolic
resin was the excellent carbonaceous material using for
the preparation of microporous and nanoporous carbon
layers due to its considerable fixed-carbon yield, high
inherent purity and low cost.

Carbon membranes have been mainly used for gas
separation but there lies a large potential for these
membranes to be used for aqueous applications due
to their high temperature and chemical resistance but
only a few works have been interested in this application
[13-14].The purpose of this paper is to demonstrate
the effectiveness of the composite carbon NF
membranes for the treatment and recycling of industrial
textile effluent.

Il.  EXPERIMENTAL
2.1 Material
Mineral coal was used as the main carbon material
source for preparing carbon membrane. This powder
presents high carbon content, low ash content and
moderated volatile components. According to previous
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studies [15-16], it was found that the average pore size of
carbon membrane decreases with decreasing coal
particles size and then average particle sizes of 100um
and 1.8um were selected for the preparation of the
support and the microfiltration (MF) layer respectively.
The second source of carbon was Novolac® phenolic
resin (NPR) marketed by the company Irons Resins S.A,
Spain (Sumitomo Bakelite co). High carbon

yield and low price are the most important benefits of
NPR precursors. The NPR was used for the preparation
of NF top layer.

2.2 Membrane preparation

The membrane preparation inyolved two main steps:
the production of high-quality macroporous support on
which active layer was deposited. To achieve this, firstly,
a macroporous carbon tube (OD/ID = 10mm/8mm)
having a pore volume of 38% and a mean pore diameter
of 9um was prepared by extrusion-carbonization process.
For this, an extruded paste was prepared from a mixture
of mineral coal powder, organic additives and an
alcoholic solution of NPR. The different percentages were
determined in a previous work [16]. Secondly, an
intermediate MF layer was then deposited by slip casting
process to sustain the final layer and to avoid the
infiltration of NF suspension inside the large pores of the
tube. For this, a suspension made from carbon powder
(1.8um average particles size) and an alcoholic solution
of NPR (Resin/Ethanol = 515/85° wt percentage) was
slip-casted on the inner face of the support for 6 min at
room temperature. MF layer with an average pore
diameter of 0.6um and a thickness of 22um were
obtained a curing-carbonization cycle at 700°C under a
nitrogen stream of 1mL/min (Figure 1).

P o oA

s
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Figure 1. Picture and SEM micrograph of the tubular carbon
microfiltration membrane

The carbon Nano filtration top layer was prepared
using an alcoholic solution of NPR. The viscosity of the
solution was adjusted to around 39 cp. The resin
suspension was deposited in the inner face of the
supported membrane by means of the vacuum slip
casting (VSC) technique under the pressure difference of
0.05-0.07 MPa for 60 s. The prepared NF layer was
carbonized at 650 °C for 2 hours under nitrogen

atmosphere.
2.3.  Permeation
determination
Cross-flow filtration experiments were carried out
with single channel tubular NF membrane having an
active surface area of 13.6 cm. Before each run, the
membrane was conditioned in ultrapure water (resistivity
18 M Q cm) for 24 h to stabilize the permeate flux.
Permeability was then obtained according to the Darcy’s

law:
_TMP 1
JW ARm ( )

Where Rm is membrane resistance, p is water viscosity
and TMP is operating transmembrane pressure.

The molecular weight cut-off (MWCO) was
determined using 1 g/L aqueous solution of various
polyethylene glycol (PEG) molecules with molecular
weight ranging from 2 to 300 kDa. The system was
thoroughly rinsed with pure water between runs to
check that membranes were not fouled during the cut-
off determination. The retention rate  (R)  was
determined using the following classical relation:

properties and pores size

R06)-1001-(c, -C, | @

where C, and C; are the permeate and the feed
concentration solution, respectively.

Pore size distribution of the top layer was obtained

from nitrogen adsorption/desorption isotherm using a

Micrometrics Asap 2010. Pore diameter was estimated

by BJH (Barret-Joyner—Halenda) method.

1. RESULTS AND DISCUSSIONS

3.1 Characterization of the carbon NF membrane

Surface and cross-section morphologies of the
obtained NF membrane were characterized by SEM.
Results show a typical asymmetric structure composed of
a macroporous support, an intermediate layer and a thin
top layer almost dense (Figure 2). The used casting
suspension with low viscosity flow easily into the pores
of the intermediate layer and during a casting time of
1 min a good adhesion between NF layer and the
supported membrane can be well observed.

Figure 2. Micrographs of the section and the surface of the carbon
NF membrane

The determination of UF pores size was done
using adsorption/desorption isotherm of N2 at 77 K.
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Results show that the composite NF membranes exhibit
a type | adsorption isotherm according to IUPAC,
which is associated with microporous structure. The
adsorption equilibrium was established at a very low
relative pressure. The slight gain in uptake at the end
(p/p0 ~ 1) can be attributed to the presence of
mesopores or macropores (Figure 3).

120 @ Pure water —— Textile wastewater
100
= 80
£
= 60
S
=
)
20
0
0 2 4 4] 8 10 12 14 16 18 20
T™P
Figure 3. Nitrogen adsorption/desorption isotherm of the carbon NF
membrane

Table 1 illustrates the main characteristic of the obtained
composite NF membrane.

Table 1. Characteristics of the elaborated NF membrane

NF membrane
Thickness (um) 1.36
MWCO (Da) 400
IAverage pores size (nm) 1.1
Permeability (L/h.m2.bar) 7.6

3.2 Application of the NF membrane to the treatment
of real textile effluent

3.2.1 Wastewater characterization

The study was conducted with a real textile
wastewater effluent supplied from a Tunisian textile
factory that utilizes different dyes (reactive and direct)
and chemical substances such as detergents, salts,
auxiliaries (e.g. surfactants, emulsifiers) and caustic
soda. Their amounts depend on the kind of process that
generates different effluents (Table 2).

Table 2. Main characteristics of real textile effluent

Parameters NF membrane
Turbidity (NTU) 1300
Salinity (g/L) 14.7
DCO (mg/L) 2100
CI" (ma/L) 1580
Color 47

3.2.2 Effect of temperature

The temperature used in this study was based on
other works [17-18]. It was found that the effluent’s
quality and viscosity did not change with the temperature
range of 25-50°C. Generally, the permeate flux increases
slightly with temperature in the case of textile wastewater
[17]. Such behavior is usually explained by the variation
in the viscosity of the effluent. In the temperature range

of 24-50°C, the viscosity of the treated effluent varied
in the range 0.98-0.62 mPa s. These values are
approximately the same as the one for pure water
(0.91-0.55 mPa s) [17,19]. For these reasons, all the
experiments were performed at reem around 30°C to
minimize the energetic costs.

3.2.2 Effect of pressure

The evolution of the permeate flux with time at TMP
varying from 6 to 18 bar and a temperature of 30 °C was
illustrated in Figure 4. As can be seen there is a linear
relationship between flux and TMP in the pressure range
of 6-10 bar. Up to 10 bar, a deviation from the straight
line was observed and then at high pressure values, the
permeate flux becomes constant. This behavior was
attributed to the establishment of polarization
concentration phenomena due to the accumulation of the
retained substances on the membrane surface resulting in
an increase in the resistance to mass transport.
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Figure 4. Evolution of filtration flux of pure water and textile
wastewater with TMP.

The characterization of the NF permeates shows a
total retention of turbidity and color over different TMP
values, while the dissolved organic and inorganic
substances’ retention increase until 12 bars. Beyond 12
bars, the retention of different parameters varies very
little. Retention rates in terms of COD, salinity and
chloride are then approximately 82%, 57% and 33%
respectively (Figure 5). So, 12 bar can be considered as
the optimal TMP value.

B Cl- (%) = Salinity (%) ¥ DCO (%)

Figure 5. Evolution of the retention of different parameters with
TMP

3.2.3 Effect of salinity: Critical flux concept
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The composition of textile effluents, especially dye
baths generally varies from one cycle to the next
depending on the amount of articles to be treated and
also to the used dye and additives. The application of the
dyes depends on the grade and quality of fabric and
requires varying amounts of fixing agents in terms of
NaCl. To study the effect of salt on the performance of
the carbon NF membrane, was modified the salinity of
the treated effluent from the 7 g/L to 24 g/L. The concept
of critical flux was adopted in this case to explain the
fouling phenomena. It consists of varying the pressure of
an ascending then descending, steady flux to be achieved
before proceeding to the next pressure (Figure 6). The
evolution of the critical flux as well as the retention of
different parameters, depending on the NaCl content, is
represented by the figure 7. The increase of salinity in
the feed concentration of textile wastewater up to 13
g/L may cause adecrease of critical flux from 45 L/h
m?2 at 7 g/L to 33 L/h m2at 13 g/L. Beyond this value the
flux increases again and stabilizes at 41 L/h.m? for a
salinity of 16 g/L. Moreover, the fouling seems to
become irreversible between 8-10 bars for all
concentrations of NaCl.

Pure water
.
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" | Ju Limit flux o Upward pressure:
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3 g . _@— Downward pressure
ot ' o e
= g A=
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0

TMP (bar)

Figure 6. Permeate flux as a function of TMP in a filtration where
pressure was alternately increased and decreased.
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Figure 7: Evolution of critical flux and permeate performance
with the salt content.

The evolution of the permeate characteristics with
effluent salinity is illustrated. The retention of COD,
salinity and CI increases when the concentration of
NaCl decreases. Similar results were obtained
by . Allegre et al. [17], who explain this behavior by

the electrostatic interactions between effluent and
membrane. As the NaCl is increases, electrostatic
repulsions at the membrane wall are weak and the
salts easily pass through the membrane. In contrast, a
decrease in salt concentration induces an increase in
the retention. When the concentration of NaCl is low,
strong electrostatic repulsions occur near the
membrane and hence salts are retained. It can therefore
be seen that it is easy to eliminate the salts when their
concentration in the solution is high, but this is
appreciably more difficult when the concentration is
higher than 13 g/L.

3.2.4 Characterization of treated wastewater

The treatment of textile wastewater using the
elaborated carbon NF membrane under optimal
conditions lead to a permeate with better quality
than that of drilling water used in washing processes
particularly in terms of chloride content. A total
retention of color and turbidity were obtained. Table 3
shows the characteristics of the NF treated textile
effluent after treatment at a temperature of 30°C and a
pressure of 12bars. The treated wastewater can be
reused as a refrigerating water, washing water and can
be discharged into the municipal sewerage in
compliance Tunisian legislations.

Table 3. Main characteristics of NF treated wastewater

Parameters R (%)
Turbidity (NTU) 99
Salinity (g/L) 47
DCO (mg/L) 80
CI (ma/L) 52
Color 98

V. CONCLUSION

In the present study, microporous membranes for
nanofiltration have been successfully prepared using
the phenolic resin as precursor and source of carbon.
The NF top layer has been deposited on the inner face of
carbon MF membrane used as a supported membrane.
Nanofiltration process was proposed for the treatment
of industrial textile effluent coming from a Tunisian
factory. Based on permeate flux performances and
pollutant retention, the best operating conditions of NF
were: 12 bar for TMP and 30 °C for operating
temperature. Hence, considering these results,
Nanofiltration could be used to preserve the
environment since the treated water could be recycled
into the textile industry processes as a-refrigerating
water, for washing water and can be discharged into the
municipal sewerage in compliance with Tunisian
legislations.
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Résumé: Un apport d’eau de bonne qualité et en quantité suffisante est essentiel pour la santé. Un grand nombre des
maladies liées a 1’eau sont a mettre sur le compte de sa qualité, caractérisée par la présence de certaines substances
chimiques comme le bore qui a été classé par I’'Union Européenne et 1’Organisation Mondiale de la Santé comme un
polluant de I’eau potable. L’osmose inverse (OI) et la nanofiltration (NF) sont largement utilisés pour le dessalement des
eaux. Le développement rapide dans ce domaine au cours des derniéres décennies impose I’importance de I'élimination
du bore. Bien que ces membranes d'Ol et de NF offrent une efficacité exceptionnelle pour réduire la quantité des sels
dans I’eau, I’efficacité a 1’élimination du bore par les membranes commerciales disponibles reste relativement faible.
Pour résoudre ce probléme, on a proposé dans le cadre de ce travail d’optimiser 1’élimination du bore par ces deux

procédés.

Mots clés: Dessalement des eaux, Osmose inverse et Nanofiltration, Bore.

I. INTRODUCTION

L'eau est l'origine de la vie et de la civilisation. C’est une
ressource indispensable non seulement pour le maintien
de la vie et de la santé humaine mais aussi pour la
préservation de 1’écosystéme et de toutes les activités
économiques. Depuis quelques années, on entend de plus
en plus parler de I’eau comme étant le grand enjeu du
siecle, en raison de la croissance démographique, le
changement de mode de vie, la pollution, l'utilisation
inefficace de l'eau et les changements climatiques.
Aujourd’hui, I’eau est devenue encore plus importante
qu’elle ne I’était dans le passé en raison de I’urbanisation
et de la croissance démographique rapide. Plus de 1.1
milliard de personnes, soit 18% de la population
mondiale, n’ont pas accés a l'eau potable [1]. Environ 2.5
milliards de personnes, soit 42% de la population totale,
n’ont pas des services d’assainissement de base [1].
Chaque semaine, on estime qu’environ 42000
personnes décedent de maladies liées a la mauvaise
qualit¢ de I’eau potable et aux manques de services
d’assainissement [2]. Plus de 90% de ces décés touchent
des enfants de moins de 5 ans [2]. Pour étre consommée
sans danger, I’eau doit étre traitée. La pollution croissante
des réserves en eau rend cette opération plus délicate. A
cet égard, la protection de l’environnement est trés
importante vu la présence de divers polluants dans I’eau
comme le bore. Ce dernier présente des effets néfastes
pour I’étre humain et 1’écosystéme. Il a été classé par
I’Union Européenne UE comme un polluant.

Sa concentration limite Recommandée par cette
organisation est de 1 mg/L, [3]. De plus, I’organisation
mondiale de la santé (OMS) a fixé une concentration
maximale acceptable de 2.4 mg/L, [4]. Plusieurs
techniques ont été employées pour I'élimination du
bore. Parmi ces techniques, on peut citer les procédés

membranaires particuliérement 1’0smose inverse (Ol) et
nanofiltration (NF). Ces procédés ont pris leur essor dans
les années 70 en particulier, grace au développement des
matériaux et des techniques de fabrication des
membranes [5]. Plusieurs caractéristiques rendent ces
techniques plus efficaces et plus économiques en termes
de consommation d’énergie.

Les procédés de filtration par Ol et NF semblent a étre
les procédés les plus efficaces en ce qui concerne le
domaine de dessalement des eaux. Cette efficacité parait
limitée dans 1’élimination du bore. De ce fait, le but de
cette étude est d'optimiser I'élimination du bore par ces
deux techniques.

I1. MATERIELS ET TECHNIQUES
ANALYTIQUES

2.1 Dispositif expérimental utilisé

Le dispositif expérimental utilisé dans ce travail est un
pilote congu et réalisé au sein de notre laboratoire pour le
traitement des eaux saumatres. Ce pilote est désigné de
telles fagons qu’on peut modifier les parameétres
opératoires tels que la température, le taux de conversion
et la pression.ll comporte deux modules de filtration, un
module d’OI (BW-30) et I’autre du NF (NF-90). Le reste
d’équipement comprend un bac d’alimentation, une
pompe & haute pression, un filtre & cartouche, des vannes,
deux débitmétres et des capteurs de pression. Les
différents éléments de 1’installation sont montés sur un
chassis mobile, permettant une certaine flexibilité
d’exploitation du pilote.

2.2 Dosage du bore
La méthode de spectrophotométrie moléculaire a
I’azométhine-H a été proposée pour le dosage du bore.
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Elle est considérée comme une méthode précise,
sensible et sélective par rapport aux autres méthodes
d’analyse du bore. Le spectrophotométre utilisé est de
type ‘TOMOS V-1100".

I1l. RESULTATS ET DISCUSSION
3.1 Caractérisation des membranes
Cette étude fondamentale présente une caractérisation de
deux membranes BW-30 et NF-90 par détermination de
la perméabilité hydraulique et de la charge de la surface.
La perméabilité a I’eau pure, notée Lp, est déterminée par
la mesure du flux du perméat en fonction du temps et de
la pression transmembranaire appliquée.
Les valeurs de flux de perméat pour les deux membranes
BW-30 et NF-90 étudiées et leurs variations en fonction
de la pression transmembranaire sont représentées sur la
figure 1.
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Figure 1. Mesure de la perméabilité a I’eau pure des membranes BW-
30 et NF-90 a 27°C.

La perméabilité¢ hydraulique a 1’eau pure, Lp, est égale
11.45 pour la membrane NF-90 et 2.40 pour la membrane
BW-30. La caractérisation des propriétés électriques de
la surface membranaire représente une étape essentielle
pour décrire les mécanismes de transfert des solutés.
Dans cette étude, nous nous sommes intéressés a la
détermination de la charge des membranes BW-30 et
NF-90 par la méthode de rétention des sels. Cette
méthode consiste & comparer la rétention ions
monovalents et bivalents. En suivant I’ordre de rétention
de ces ions, on peut déduire la charge de la membrane.
Afin de savoir dans quelle catégorie se placent les deux
membranes testées, trois solutions de sels : Na2S04,
CaCl2 et NaCl a la méme concentration ont été préparées.
Ensuite nous avons suivi la rétention de ces trois sels en
fonction de la pression transmembranaire. Les résultats
de cette étude sont présentés sur la figure 2.
D’aprés cette figure, la séquence de rétention des sels
pour les membranes BW-30 et NF-90 est la suivante:
TRyazs0, > TRyact > TReac,  cette séquence de rétention
montre que ces deux membranes appartiennent a la
catégorie ou I’exclusion de Donnan joue un rble
important dans le mécanisme de rétention de sels. En
outre, la rétention des anions bivalents est supérieure a
celle des anions monovalents et la rétention des cations
monovalents est supérieure a celle des cations bivalents.
Ceci est un comportement typique d’une membrane
chargée négativement. Ce comportement s’explique par

la création d’une force de répulsion exercée sur les anions
et d’une force d’attraction exercée sur les cations.

3.2 Influence des paramétres opératoires sur
I’élimination du bore

De nombreux paramétres peuvent influencer

I’¢limination du bore par OI et NF. Nous nous

attacherons dans cette partie a comprendre 1’influence de

la pression, le taux de conversion, le pH et la salinité sur

la rétention.
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Figure 2. Variation des taux de rétention des sels en fonction de la
pression transmembranaire (CO = 10° mol.L-1, Y =25 % et 6=27 °C).

L’influence de la pression d’alimentation sur les taux de
rétention du bore par les deux membranes est représentée
sur la figure 3. Ces résultats sont ajustés par le modele de
transfert Spiegler-Kedem.

60
30 -
- - = ¢
_ - -
40 L -- ‘_'._,._l.--l---l
£ 10 -
= [ = = TR (BW-30)
i 20 ¢ Tszp (B\‘V'3U)
= = TRy (NE-90)
10 m
TR oxp (NF-90)
0
0 2 4 6 g 10 12 14 16

Pression (bar)
Figure 3. Influence de la pression sur I’élimination du bore (CO =5
mg/L, Y =25% et 6=27°C).

Les résultats obtenus montrent que la rétention du bore
augmente avec la pression. De méme, Wolska et al [6],
Koseoglu et al. [7] et Parts et al. [8] ont mentionné
qu’une ¢lévation de rejet de bore a été observée lorsqu’on
augmente la pression. Ce phénoméne pourrait étre
attribué¢ a l’augmentation du flux de solvant a une
pression élevée. En fait, le flux de I’eau augmente
proportionnellement avec la pression de fonctionnement
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alors que le flux de soluté reste constant. La
concentration en bore dans le perméat s’en trouve
diminuée et par conséquent le taux de rétention
augmente. Le pH est un facteur déterminant qui affecte a
la fois la surface de la membrane et la répartition des
espéces en solution. Afin d’évaluer I’influence de ce
paraméetre sur 1’élimination du bore, une série
d’expériences a été effectuée pour des pH variant de 7 a
11. La figure 4 illustre I’évolution du pourcentage du
bore éliminé en fonction de la pression transmembranaire
a différente valeur du pH.
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Figure 4. Influence du pH sur I’élimination du bore (C0=5 mg/L, P =10
bar, Y =25 % et 6=27 °C).

Les résultats illustrés dans cette figure montrent que
I’élimination du bore dépend fortement du pH. L’effet du
pH peut étre illustré par 1’équilibre de dissociation de
I’acide borique dans 1’eau donnée par 1’équation
suivante :

H;BO; +H,0 < H;0" + H,BO;  pKa,=9.14

Une augmentation du pH entraine la dissociation de
I’acide borique et la formation de 1’ion borate (H2BO3).
Pour des pH compris entre 9 et 10, la forme ionique
prédomine, par contre pour un pH=11, la totalité de
I’acide borique se transforme en ions borate. A des
valeurs de pH neutre, I’acide borique sous sa forme
moléculaire peut former un pont a hydrogéne avec les
groupes actifs de la membrane et diffuse d’une maniére
semblable a celle de 1’acide carboxylique et de I’eau [9].
Par contre, & des valeurs de pH élevées (pH=11),
1I’élimination du bore atteint son maximum. En effet, des
forces de répulsion seront formées entre les ions borates
(H2BO:s) et la surface membranaire chargé négativement.
Ces interactions augmentent les taux de rétention du
bore. Ce résultat est semblable a ceux trouvés par
plusieurs auteurs [9,10]. La présence des sels peut
provoquer un impact sur la rétention du bore par Ol et
NF. La variation des pourcentages d’élimination du bore
pour différentes forces ioniques a pH =11 est donnée
dans la figure 5.

Les résultats illustrés dans la Figure 5 montrent que les
pourcentages d’élimination du bore diminuent lorsque la
force ionique augmente. Cette diminution peut étre
attribuée a la formation d’une couche des ions Na+ ala
surface de la membrane. Cette couche permet de réduire
la densité de charge de la membrane et par conséquence
atténue les répulsions électrostatiques entre les charges
négatives de la membrane et les ions borates et facilite
leur migration a travers la membrane.
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Figure 5. Influence de la force ionique sur I’élimination du bore (CO =5
mg/L, P =10 bar, Y =25 % et 6=27 °C).

3.4 Application a I’élimination du bore d’une eau
naturelle

3.4.1 Essais d’élimination du bore
Les principales caractéristiques physicochimiques de
cette eau sont résumées dans le tableau 1.

Table 1. Caractéristiques physicochimiques de ’eau naturelle a traiter.

Salinité (mg.L") 6883
pH 76
Bore (mg.L'l) 5.02
[5027] (mg.L ™) 728
[HCO3] (mg.L™) 585
[€17] (mgL™) 3100
[Na'] (mg.L") 1022
[K¥] (mg.L") 50
[Mg?*] (mg.LT) 216
[€a**] (mgL™) 980

Le bore se trouve dans les eaux naturelles sous forme
d’acide borique, un acide faiblement dissocié¢ et sa
rétention dépend fortement du pH.  L’échantillon a
analyser contient 5.02 mg/L du bore, une concentration
qui dépasse les limites fixées par I’organisation mondiale
de la santé (OMS) et la directive européenne (UE). La
figure 6 donne la variation de concentration du bore dans
le perméat ; les normes du bore dans I’eau potable fixées
par ’OMS et I’'UE sont représentées sur la méme figure.

3
-=- NF-90

- BW-30
— — Norme OMS
- . NomeUE

|B] en mg.L-!
”

pH

Figure 6 Variation de la concentration du bore dans le perméat en
fonction de la pression et les normes fixées par ’OMS et I’'UE.

L’eau produite par les deux membranes contient plus de
3 mg/L du bore. Ainsi avec ces conditions opératoires,
on ne peut pas atteindre les normes fixées par I’OMS et
I’UE. Dans la suite de ce travail, nous allons chercher des
moyens pour améliorer la qualité d’eau produite par ces
deux membranes et atteindre ces normes.
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3.4.2 Ajustement du pH

On a montré, dans la partie 3.2, que 1’élimination du bore
dépend fortement du pH et que le maximum
d’élimination est obtenu pour un pH au voisinage de 11.
Or pour une eau chargée en sels, une augmentation du pH
a des valeurs élevées peut provoquer la précipitation de
certains sels et par conséquent, la formation des dépdts
d’hydroxydes alcalins et des carbonates résultant ainsi le
probleme de colmatage. Afin de remédier a cette
limitation, un systéme intégré de deux modules d’osmose
inverse ou de nanofiltration, a été proposé. L’ajustement
de pH est effectué a la fin de la premiére étape. La figure
7 représente le dispositif expérimental utilisé lors de cette
application.

NaOH

Ean atraiter Perméat
Module 1 Module 2

. Rétentat 2
Rétentat |

Figure 7. Dispositif expérimental utilisé pour I’élimination du bore
apres ajustement du pH.

Ce dispositif expérimental comprend deux modules de
méme référence. Le premier permet de réduire la quantité
des sels présents dans ’eau (98.18% pour la membrane
BW-30 et 96.29 % pour NF-90). A la sortie du premier
module, on ajoute une quantité suffisante de NaOH pour
atteindre le pH optimal pour 1’¢limination du bore. Cette
eau est envoyée dans un deuxiéme module afin
d’éliminer la quantité du bore restante. L’eau produite
par le premier module contient 3.5 mg/L du bore pour la
membrane BW-30 et 4.09 mg/L pour la membrane NF-
90 avec des pourcentages d’éliminations respectives de
30,27 % et 18,52 %. La figure 8 donne la variation, en
fonction du pH, de la concentration du bore dans I’eau
produite apres ajout de la soude.
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Figure 8. Variation de la concentration du bore dans I’eau produite
apres ajout de la soude en fonction du pH et les normes fixées par
I’OMS et I’'UE.

Comme montré dans la figure 8, en augmentant le pH,
nous pouvons atteindre pour un pH =11 une
concentration du bore de 0.2 mg/L pour la membrane NF-
90 et 0.1 mg/L pour BW-30 avec deux taux d’élimination
total de 96,015 % pour la premiére membrane et 98 %
pour la deuxiéme. Pour la membrane BW-30, un
deuxiéme traitement sans changement de pH permet
d’atteindre la valeur limite fixée par ’OMS. Par contre,
pour NF-90 une Iégére augmentation du pH (pH = 7.5)

est suffisante pour atteindre cette norme. La qualité de
I’eau produite devient conforme & la norme fixée par
I’Union Européenne a un pH égal a 9 pour la membrane
BW-30 et 9,5 pour la membrane NF-90.

L’inconvénient de cette application est 1ié a 1’énergie
consommée par le deuxiéme module et au produit
d’ajustement du pH utilisé.

3.4.3 Complexation du bore

Une autre solution liée a la complexation de 1’acide
borique avec les composés polyhydroxylés, est proposé
pour améliorer les pourcentages d’éliminations du bore.
Les composés polyhydroxylés sont des composés
organiques caractérisés par un certain nombre de
groupements -OH. A pH des eaux naturelles, 1’acide
borique réagit avec ces composés, générant ainsi, des
complexes stables qui peuvent étre éliminés par Ol et NF
[53]. Trois complexants ont été testés : le mannitol, le
sorbitol et 1’acide gluconique. L’étude de détermination
de I’effet de ces trois complexants est effectuée sur des
échantillons d’eau  réels. Différentes doses des
complexants ont été ajoutées afin de déterminer 1’effet
des rapports molaires (mc/ms) sur les pourcentages
d’élimination du bore par les deux membranes BW-
30 et NF-90. Le rapport, a été varié de 0 a 4.

La figure 9, donnant ces résultats, montre qu’a partir du
rapport nc/ns = 1, 1’élimination du bore par les deux
membranes reste constante. Ainsi, I’ajout de 85 mg de
sorbitol, 85 mg de mannitol et 90 mg d’acide gluconique
pour un litre d’eau a traiter (nc/ms= 1) améliore les
pourcentages d’éliminations du bore par la membrane
BW-30 de 38,11 % aux 53,73 % dans le cas de sorbitol,
50.43 % dans le cas de mannitol et 45.17 % dans le cas
de I’acide gluconique. Les taux d’élimination du bore par
la membrane NF-90 ont été améliorés de 24.72 % a
29.24, 32.64 % et 35.14 % lors de I’ajout respectif
d’acide gluconique, de mannitol et de sorbitol.
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Figure 9. Variation des taux d’élimination du bore en fonction du
rapport molaire nC/nB.

L’utilisation du sorbitol comme complexant est la
meilleure solution pour améliorer 1’élimination du bore
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par les deux membranes utilisées. Ceci peut étre expliqué
par la configuration de la molécule de sorbitol (Figure
10). En effet, les groupements —OH, adjacents en position
cis, sont les plus faciles pour former des complexes plus
stables.

Mannitol Sorbitol Acide gluconique
Figure 10. Formule semi-développée des complexant.

Les composés polyhydroxylés augmentent 1’acidité de
I’acide borique. En effet lors d’une 1égére augmentation
du pH, on peut augmenter les taux d’élimination du bore.
La figure 11 donne la variation de taux de rétention du
bore en fonction du rapport molaire n(Sorbitol)/n(Bore)
a pH = 38,5. Cette figure 11, montre qu’a pH = 8.5, les
taux de rétention du bore par les membranes BW-30 et
NF-90 atteignent respectivement 65% et 46% en
présence du sorbitol. Les eaux produites par les deux
membranes sont caractérisées par des concentrations en
bore de 1.7 mg/L pour BW-30 et 2.7 mg/L pour NF-90.
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Figure 11. Variation des taux d’¢limination du bore en fonction du
rapport molaire n(sorbitol)/n(Bore) a pH = 8,5.

IV. CONCLUSION
Les performances des membranes en termes
d’élimination du bore des solutions synthétiques et d’une
eau saumatre ont été déterminées. . Pour des solutions
synthétiques, 1’é¢tude de 1effet des paramétres

opératoires montre que le pH est le parametre le plus
influencé sur 1’élimination du bore. Une meilleure
élimination a été observée pour un pH égal a 11. Cette
valeur du pH pose un probléme au cours de 1’application
sur une eau naturelle. Deux solutions ont été proposées.
La premiére consiste a ajuster le pH aprés la réduction de
la salinité alors que la complexation de 1’acide borique se
présente comme une autre solution. Aprés ajustement du
pH, des concentrations du bore de 0.2 mg/L pour la
membrane NF-90 et 0.1 mg/L pour BW-30 avec deux
taux d’élimination total de 96 ;015 % pour la premiére
membrane et 98 % pour la deuxiéme ont été obtenus.
D’une autre part, I’ajout de 58 mg/L du sorbitol, a pH =
8.5, améliore clairement les pourcentages d’élimination
du bore (une augmentation de 27% pour la membrane
BW-30 et 22% pour la membrane NF-90) pour produire
des eaux caractérisées par des concentrations en bore de
1.7 mg/L pour BW-30 et 2.7 mg/L pour NF-90.
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Abstract- The objective of this work is to estimate quantitatively the potential of membrane distillation of seawater
technology coupled with solar energy. The unit presented in this paper is designed to provide high quality drinking
water in remote coastal areas with low infrastructure and without connection to an electrical network. The designed
installation is completely autonomous, indeed the only energy source is the sun. The electrical energy required to
operate the plant is produced by a photovoltaic cells field, and the sea water heating is provided by a thermic
solar collectors field. A model describing the operation of a desalination membrane powered by solar energy is
developed. This model determines the performance of the unit over time and for any day of the year.

This model is established from the balance equations of mass and heat on the different units (membrane,
exchanger, condenser, field of solar collectors). The model is used to evaluate the evolution of the distillate flow and
temperature changes for different flows. The model also allows to estimate the productivity of the unit during the year.
The simulation of the operation of the unit shows that the daily production of distilled water is between 63 kg/m?
and 188 kg/m? for the days of December 21 and June 21.

Keywords: membrane distillation, solar collectors, photovoltaic cells.

I INTRODUCTION

In order to achieve a finished textile product many
operations have to be done but the dyeing stills the
operation releasing the most polluted effluent
especially regarding to the high concentration of dyes
and salts. To ovoid the contamination of the overall
wastewater, treatment at source is proposed. In this
approach, the dyeing effluent is recovered and treated
separately. The treatment of concentrated dyeing
wastewaters was the object of many studies since these
effluents are extremely harmful for the environment
and can cause irreversible damages touching different
components of the ecosystem. Among the competitive
treatment processes proposed for this approach,
membrane processes showed to be promising
technologies which respond to economical and space
requirements of the modern industries. The choice of
the membrane type depends on the nature of the
compound to be removed. Microfiltration (MF) and
ultrafiltration (UF) processes are generally used for the
elimination of organic pollution such as suspended
solids and colloids and can be applied as pretreatment
[15] or main treatment [7,]. Nanofiltration (NF) and
reverse osmosis (RO) can remove dissolved
compounds, ions and dyes [13]. However, the main
restriction of membranes use is fouling which can lead
to permeate flux decrease with time and pollutants
accumulation on the membrane surface.
To minimize membrane fouling and enhance
membrane performances, pretreatment seems to be a

good alternative. On one hand, possible combinations
between membrane processes can be involved; MF and
UF can be used as pretreatment for NF and RO [14, 10].
On the other hand, hybrid treatment represents another
alternative, coagulation and/or flocculation [11, 4] and
biological treatment [5, 16] can be used as pretreatment
for membrane processes. Zahrimet al. , [17] stated that
about 20% of NF flux improvement was achieved when
a CF pretreatment was introduced. Rozzi et al. [12]
tested the hybrid system C/MF for textile wastewater
treatment and claimed that the coagulant use was
necessary to obtain a satisfactory performance;
otherwise, rapid fouling of the membrane occurred.
When coagulation and membrane processes are
coupled, the coagulation conditions like the coagulant
dose and nature as well as the shear applied, seems to
affect the filtration performancesin this work, a
comparison between hybrid C/UF system and a
combination of MF and NF membranes was
investigated for the treatment of real dyeing effluent in
pilot scale. Two different coagulants were tested in the
C/UF experiments. The comparison was carried
regarding the filtration performances and the quality of
the treated effluent following the COD and color
removals.

Il.  MATERIAL AND METHODS
2.1. Dyeing effluent
The studied effluent was collected from a dyeing
machine in a textile company in Kasr Helal, Tunisia.
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The effluent was released from a reactive dyeing
operation and it represents a mixture of different
baths used in the dyeing cycle; preparation, dyeing,
neutralizing, washing and softening (Tablel). As
seen, different steps have to be done in order to
accomplish the dyeing process, the wastewater object
of this studied is a mixture of all these baths in the
same proportions. The characteristics of the mixture to
be treated are represented in table 2.

Table 1 : Operating conditions of the dyeing process steps

Operation pH T(°C) t(min) additives Role

Preparation 6-7 30 5 sequestering attach

P) agent hardening
(anionic substances
surfactant) Prevent
Corrosion corrosion of

Dyeing (D)  9-11 60 110 Reactive dyes  Operation
(anionic) Salt  of

(sodium attaching
chloride) the dye
Sodium molecule to
rarhnnata tha tavtila
Neutralizing 6-7 50 5 Acetic acid Add of acid
(N) to adjust the
basic pH of
Washing (W) 6-7 80 5 Dispersingand Eliminate
degreasing the excess
detergent of dyes
Softening (S) 5-6 40 20 Acetic acid Enhance the
Softening feel of textile
agent
(cationic

Table 2. The dyeing effluent characterization

pH S TH CI COD Color® Turb
(@n | CF) | @ | (@ (NTU)
9.72 | 216 120 178 | 19 4.6 7.9

a: Integral of the absorbance curve in the whole
visible range (400-800 nm)

2.2. Experimental set-up

The figurel represents the experimental set-up of
MF/NF combination. MEMBRALOX module (1P19-
40/1R19-40) of 1020 mm length was used in the MF
experiments. The membrane is multi-channel (19
channels) of 0.2 pm pore size made of ceramic
based on Al203 with a surface exchange of 0.24 m?.
For NF experiments, a spiral DESAL membrane
product (DK2540F1073) having a MWCO of 200 Da,
a length of 1016 mm and an area of 2.5 m? was used.
The operating temperature was the room temperature
(20 °C) and the pressure was fixed at 2 bar and 12 bar
for the MF and NF units, respectively.

2.3. Membrane performances evaluation

The filtration performances of the MF, UF and NF
membranes were followed with the volume reduction
factor (VRF) calculated as follows:

VRF =L 1)

[

Permeat de MF
Alimentation > W T—

Perméat de NF

Concentrat de MF Concentrat de NF

MF NF
Figure 1: Schematic presentation of the experimental set-up of
MF/NF combination

Figure 2 represents the hybrid treatment set-up. In the
coagulation step, two different coagulants were used,
inorganic (Aluminum sulfate (Alum)) and organic
polymer with a cationic character (Amerfloc445).
Optimal doses of coagulants were determined using jar
test method and added in the feed tank of the UF unit
before the beginning of the runs. The UF experiments
were performed using KLEANSEP multichannel
membrane (7 channels) of 1178 mm length. The
membrane was made of ceramic based on TiO,-
Al,O; with an area of 0.15

M2 and a molecular cut-off of 15 kDa. The operating
temperature was room temperature (20°C) and the
pressure was fixed at 3 bar for the UF runs.

w 9
|‘@'_ T
coagulant _l l__l " r,j UF
£

Figure 2. Schematic presentation of the hybrid treatment set-up of
coagulation/UF

Where V; and V, are the volumes of the feed and the

concentrate, respectively. The membranes
performances were evaluated by the rejection rate
of color and COD determined as follows:

R(%) = (1 - %) +100 @

Where C, and Cf are the concentrations in the
permeate and in the feed respectively.
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2.4. Analytical measurements

The dye amounts were followed by absorbance
measurements at the visible maximum dye absorption
wavelength using a UV-visible spectrophotometer
(Perkin Elmer Lambda 20 UV/VIS).

COD was estimated by open reflux method. The
protocol present a method derived from the standard
AFNOR T90-101. The COD values were obtained
using a Fisher Bioblock Scientific reactor COD 10119
type COD-meter.

Turbidity was measured using a turbidity-meter
Hach RATIO 2100N. Chlorides amounts were
calculated after a simple dosage by AgNO3, salinity
was measured with a conductimeter Tascussel model
123 and total hardness was calculated following the
complexometric titration method with EDTA.

The flocs size after the coagulation was determined
using dynamic light scattering device Zetasizer Nano
ZSP.

2.5. Textile color measurement

A point in a space formed by three orthogonal axes can
represent color: the first describes color evolution from
green (-a*) to red (+a*), the second identify color
evolution from blue (-b*) to yellow (+b*) and the third
one represents lightness L* ranging from O for black to
100 for perfect white. In this measurement method,
a comparison against a color standard is required. So,
total color differences AE can be calculated from
analysis of samples and standard, following equation
3.

AE = J(2a*) +(Ab*F + (AL*} (3)

* *

Where Aa* = asample - astan dard
Ab* = b b ; AL* = Lsample - Lstandard

sample ~ Mstandard °
The spectrocolorimeter used is Datacolor Spectrum
2520. Samples are textile items dyed with treated
water. Standard reference is a textile dyed with fresh
water using the same dyeing protocol. The samples
giving the best results should have a total color
difference AE close to zero.

I1l.  RESULTS AND DISCUSSION

3.1. Coagulation step

For Alum, the dose of 0.9 g/l contributed to better
COD and color eliminations, by 63% and 44%
respectively. While for Amerfloc445, the optimum
dosage was 0.5 g/l and achieved 69% and 67% of
COD and color removals, respectively, (Figure 3).
The flocs size corresponding to the optimal dose of
each coagulant was measured, for Alum flocs it was
488 um while it was 845 um for Amerfolc445
particles. It was obvious that smaller dose of
Amerfloc445 contributed to better pollution removal
efficiency as well as more aggregates that are
voluminous, this could be attributed to better charge

neutralization ability of the Amerfloc445 coagulant.

3.2. The filtration behavior

Figure 4 shows the variation of the MF and NF
permeate fluxes with the VRF. The maximum VRF
was only 2.5 for the NF, however it reached 4.3 in the
MF runs.

100 100
a) b)
80 80
SISy
. 60 rﬂ-o—H — 60 /
£ &
= 40 © a0
20 —+—COD 20 cop
Color
Color
0+ 0

o 02 04 06 08 1 12 14
Coagulant dose (g/1)

0 02 04 06 08 1 12 14
Coagulant dose (g/l)

Figure 3. Variation of color and COD removals with coagulant dose
for a) Alum and b) Amerfloc445

This indicate that the volume of produced permeate
was noticeably higher for the MF membrane when
compared to NF. This is principally due to the
difference in the pore size between the MF and NF
membranes. The obtained curves showed also that the
MF behavior was severely influenced by fouling as the
filtration flux dropped by more than 70% since the
beginning of the filtration. However, fouling had not a
significant effect on the NF behavior. This is due
principally to the membranes characteristics since the
main fouling mechanism of MF membrane is the cake
layer formation, [1] while it is concentration
polarization for the NF, [8].

300

250 —a—NF

MF
200

150 A

1 (1i/hm?)

100

50
r‘&h&‘—ﬂ-A—H
[ T
1 2 VﬁF 4 5

Figure 4. Variation of the MF and NF filtration flux with VRF
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Figure 5. Variation of the UF normalized filtration flux with VRF
for Alum and Amerfloc445 coagulants
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Figure 5 represents the variation of the permeate flux
during the UF filtration tests using Alum and
Amerfloc445 coagulants. The results showed a typical
behavior of UF membrane in which the permeate flux
decreased until reaching a stabilized value. This is due
to the matter accumulation close to the membrane
surface, which caused membrane fouling. It was
obvious that the stabilized filtration flux was higher
with Alum coagulation; 68 I/h.m2against 52 I/h.m2 for
Amerfloc 445 coagulation.

However, membrane fouling seems to be severer with
Alum coagulant, indeed; the flux decline was about
30% for Alum coagulation while it did not exceed
10% with Amerfloc445. This behavior is attributed to
the flocs size since the amerfloc445 flocs are bigger
which make the formed cake layer thicker than that
formed with smaller Alum flocs, which can reduce the
filtration flux. On the other hand, more voluminous
flocs can develop slowly a more porous cake layer
contrarily to small flocs able to form rapidly a
compact cake layer, [3] which increased the resistance
to mass transfer. This can justify the high flux decline
for Alum coagulation.

3.3. The treated effluents quality

In figure 6, the retentions of COD and color were
represented for the followed treatment methods; C/UF
(Alum), C/UF (Amerfloc445) and MF/ NF. The Alum
coagulation coupled with UF showed the lowest
retention values in term of COD (56%) as well as color
(64%). C/UF (Amerfloc445) and MF/NF showed a
comparable retention behavior; 92% and 89% of COD
removal and 98.54 % and 99.58% of color retention,
respectively. The high retentions given by the C/UF
(Amerfloc445) system could be attributed to the
bigger size of the flocs formed with the organic
coagulant (845 um) which make it easily retained by
the membrane. The high COD and color retentions by
MF/NF system was a predicted behavior of the NF
membrane in agreement with results from He et al.
(2009)

Regarding the permeate quality (Table 3), both
approaches C/UF (Amerfloc445) and MF/NF showed
similar retentions. The concentrations also were 0.17
mg/l and 0.2 g/l of COD and 0.07 and 0.03 in term of
absorbance, respectively for C/UF (Amerfloc445) and
MF/NF. Regarding the volume of the treated water
produced, C/UF (Amerfloc445) treatment was able to
produce higher volume of permeate since the filtration
can reach a VRF of 6.

energy consumption as well as the required cleaning
chemicals of the UF unit would certainly be smaller
than those of both MF and NF units even if the
coagulant cost was added.

3.4. Reuse of the treated water

Dyeing tests were done with the treated water obtained
with different treatment approaches. In addition, a
reference dyeing test was done with fresh water.

mCoD color
100

%0
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C/UF (Alum) €/ UF (Amerflocd4s) MF/ NF

Figure 6. Retentions of COD and color for hybrid C/ UF treatment
using Alum and Amerfloc445 coagulants and the combined
membrane treatment MF/ NF

In addition, from the economical point of view, the
Table 3. Characterization of the treated effluents using different
systems

p S TH | CI |COD Colora
H (@h | CA | (@D | (g
MF/NF 841 | 111 | 21 9.06 | 0.2 0.03
9
C/UF (Alum) 795 | 16.2 | 67 123 | 0.83 | 1.65
7
CIUF 829 | 126 | 19 8. 0.17 | 0.07
(Amerfloc445) 79

a: Integral of the absorbance curve in the whole
visible range (400-800 nm).

Tests were performed in laboratory dyeing machine
using a support of cotton material. As the treated
effluents contain yet salt, in order to obtain the needed
salt concentration in the dyeing bath, the quantity of
NaCl added in the reuse tests corresponds just to the
difference between the quantity of NaCl in the dyeing
test with fresh water and in treated water.

Figure 6 shows the applied reactive dyeing protocol.
It should be noticed that after dyeing no difference
was perceptible between the different samples.
Spectrocolorimetric measurements were represented
in Table 4. The obtained results show that C/UF
(Alum) system led to the highest AE value, which
indicate that it represents the lowest similarity with the
reference sample. This result is principally due to the
important hardness of the effluent treated by C/UF
(Alum) as well as its relatively high coloration
(Table3). Generally, hard water has an unfavorable
effect on dyeing results. Indeed, Mg?*and Ca?* ions
which makes the color lighter as well as that
discolored patches may also occur. This was
confirmed by the positive AL* value which indicate
that L*sample Was higher than L*standard, SO L*sample tends
to white.

Regarding the results obtained with MF/NF and C/UF
(Amerfloc445) systems, the total color difference
value 4E was 0.2 and 0.17, respectively. This result
confirmed the capacity of the C/UF (Amerfloc445)
system to achieve comparable performances to that
of the MF/NF system.
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