e(/?//; roececean o

T /25 ) S >
Jewrnal o (%(//mu’//y S8

Moroccan Journal of Chemistry
ISSN: 2351-812X

http://revues.imist.ma/?journal=morjchem&page=login AL 2016

Ennouhi & al. / Mor. J. Chem. 9 N°1 (2021) 177-184

Characterization of the reverse osmosis membrane fouled by Oum Errabia
river water of Khenifra city, Morocco

Mariem Ennouhit?*, Sanaa El Aggadil*, Lahcen Hasnaoui?, Mohammed El Azzouzi' and

Abderrahim EI Hourch!?

!Department of Chemistry, Mohammed V University, Rabat, Morocco
*National Office of Electricity and Drinking Water, Rabat, Morocco

* Corresponding author:_
mariem.ennouhi90@gmail.com

Received 07 Jan 2021,
Revised 16 Feb 2021,
Accepted 18 Feb 2021.

Abstract

The Khenifra desalination plant is designed to produce 36,290 m®/d of drinking
water by 2030. Since the start-up of this plant in 2013, several problems have been
encountered in the reverse osmosis unit due to membrane fouling. Clogging is a
major issue related to the interaction between feed water quality and the pre-
treatment process. Membrane autopsy, monitoring of seasonal variations in raw
water and surveillance of operating parameters are carried out. The results obtained
show that feed water is subject to large seasonal variations in terms of temperature
(10 - 25 °C), conductivity (1395 - 2500 pS.cm™) and Silt Density Index (SDI) (< 3)
in 2017 using microfiltration, which influences the fouling of the membrane.
Membrane autopsy by scanning electron microscopy (SEM), energy-dispersive X-
ray spectroscopy (EDS) and X-ray Diffraction (XRD), shows the formation of large
cracks on the surface of the membrane and that the fouling layer is mainly composed
of: CaCO; (38.70 %), Al,O5 (17.42 %), Ba(SO.), (15.23 %), MgCl. (15.02 %) and
SiO; (13.64%).
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1. Introduction

Water represents the most crucial resource for the survival of all living beings on Earth. Approximately 94% of water is
found in the oceans, while the remaining 6% is fresh water. About 72% of the total freshwater is found underground and
27% is in the form of glaciers [1]. In the context of the influence of climate on surface water quality, the importance of
the time scale on the corresponding relationship should be noted. The dominant factors of the temporal scale , such as
temperature, precipitation and agricultural activities, vary according to the seasons, and given their role on the process
of convergence of flows and inputs of contaminants into water bodies, the researchers suggested that it is imperative to
take seasonal variations into account when studying the impact of land use on river water quality [2,3]. Reverse Osmosis
(RO) is becoming increasingly accepted worldwide in water treatment and desalination applications. It is a pressurized
process in which a semi-permeable membrane rejects the dissolved constituents present in the feed water. This release
is due to size exclusion, filler exclusion and physicochemical interactions between the solute, the solvent and the
membrane [4—7]. The efficiency of the process depends on the operational parameters, the properties of the membrane
as well as the properties of the feed water [8]. However, the effectiveness of this technique is limited by the fouling of
the membranes. This has an impact on the performance, resulting in increased energy consumption, cleaning frequency,
chemical consumption, membrane changes, and thus the cost of water treatment [9-11]. Pretreatment of the feed water
is necessary to extend the life of the membrane and prevent fouling. Generally, pretreatment consists of chemical
coagulation, filtration, ultrafiltration or microfiltration, control of scaling and acidification for pH regulation [12-15].
Membrane fouling may be due to scaling, microbial growth, dissolved organic substances, or particles and colloidal
materials that can form compact cakes [8,16]. The aim of this work is to study the impact of seasonal variations in feed
water quality on the fouling of the reverse osmosis membranes of the desalination plant of the city of Khenifra in
Morocco. Accordingly, the characterization of the feed water and the characterization of the membrane were
investigated.

2. Materials and Methods

2.1. Presentation of the water treatment plant of Khenifra city

The water treatment plant of Khenifra city is located 5 km from the center of Khenifra and 300 m from Oum Errabia
river. It is fed by the Tanfnit EI Borj dam (Figure 1).

Fig. 1. Satellite photo of water treatment plant of Khenifra city.
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The Khenifra city water treatment plant combines conventional treatment with reverse osmosis to produce a continuous
flow rate of 420 L/s of treated water from raw water with a suspended solids load of up to 20 g/L.
The operation of the station can be schematized as shown in (Figure 2).
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Fig. 2. Diagram of the water treatment plant.

2.2. Reverse Osmosis Membrane

2.2.1. Description of the reverse osmosis membrane

The reverse osmosis membrane used is a FilmTec ™ type called XLE440. It is part of the FILMTEC ™ FT30 membrane
family. It consists of a thin-film composite membrane made of three layers: a polyester support web, a microporous
polysulfone interlayer and an ultra-thin polyamide barrier layer on the upper surface (Figure 3). Each layer is adapted
to specific requirements.

Polyamide (0.2 um)

Microporous polysulfone
(40 pm)

{ Polyester support web
£ (120 um)

Fig. 3. Composition of the reverse osmosis membrane.

2.2.2. Transmembrane pressure
The transmembrane pressure (TMP) is the difference between the pressure on the supply side and the pressure on the

permeate side [17]. It is expressed in bar or Pa:

TMP = PF;PR — Py 1)

Where: Pr : Filter pressure; Pr : Return pressure; and PE : Effluent pressure, usually negligible.

2.2.3. Permeability
Hydraulic permeability (Lp) is a parameter that characterizes the ease with which water passes through the membrane.
Permeability depends mainly on pore size, membrane thickness and the chemical properties of the membranes [18].

Lp = @ (2)
v = ﬁ (3)

Where: Lp: Permeability (L.h"-.m2.bar?); Jv : Permeate volume flow (L.h-1 .m), TMP: Transmembrane pressure (bar)
and Qp: Permeate flow rate (L/s).

2.2.4. Characterization of reverse osmosis membrane
The scanning electron microscope used is a device type LEO1501. Before each analysis, the samples are fixed on a
conductive adhesive tape, covered on the edges with silver lacquer and finally covered as a whole by two ultrafine layers
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of Pt/ Pd (2 x 2 nm) made by vacuum evaporation. The beam energies vary between 1 and 3 keV. It also allows chemical
analysis using an EDS (Energy DipersiveX-ray Spectroscopy) detector. The x ray diffraction is carried out by a Siemesns
D5000 diffractometer with a Cu-Ka radiation source (A= 1.541838 A). The samples are analyzed under 40 kV in 20
range of 10 ° and 60 °.

3. Results and discussion

3.1. Water characterization

The demineralization plant of khenifra city is fed from the waters of the oum erbiaa river, which is the most important
river in Morocco that feeds water to the large width for several months a year, the quality of the water supplied to the
plant undergoes significant seasonal variations in terms of temperature, conductivity and silt density index. Table 1
shows the average values of the water characteristics of the oum erbiaa river.

Table 1: Feed water characteristics at the inlet of the reverse osmosis demineralization plant.

Chemical Composition Amount
pH 8.5
Alkalinity (°F) 17.6
Calcium (mg/L) 95
Magnésium (mg/L) 325
Sodium (mg/L) 466
Potassium (mg/L) 2.9
Manganese total (mg/L) 0
Aluminium (mg/L) <0.2
Ammonium (mg/L) 0

Iron (mg/L) <0.03
Barium (mg/L) 0
Bicarbonnate (mg/L) 214
Chloride (mg/L) 866
Sulfate (mg/L) 117
Nitrate (mg/L) 6.49
Fluoride (mg/L) 0
Silica (mg/L) 15

Total dissolved solids TDS (mg/L) 1800

3.1.1. Temperature

The temperature is subject to indicative seasonal changes [19,20]. Changes in feed water temperature will affect reverse
osmosis performance. For example, an increase in feed water temperature of 4°C will result in an increase in permeate
flow rate of approximately 10%. However, this is a normal phenomenon [21]. Figure 4 shows the variation of the feed
water temperature at the Khenifra city treatment plant during 2017. According to the figure, the temperature varies from
10 °C in February and March to 25 °C in August.
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Fig. 4. Feed water temperature variations.

3.1.2. Conductivity

Figure 5 shows the variation in the conductivity of the plant's feed water during 2017. As shown in the figure, there are
seasonal variations in conductivity during the year, ranging from 1395 pS.cm™ in January to 2500 pS.cm™ in summer
(June to August). The increase of conductivity in summer is due to the evaporation of water, which leads to high salt
concentration, resulting in the fouling of the membrane. While, the decrease of conductivity in winter is due to the
precipitation, which leads to the dilution of the feed water, thus reducing the salt concentration (dilution) [10,21,22].
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Fig. 5. Feed water conductivity variations.

3.1.3. Silt Density Index (SDI)
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Fig. 6. SDI values at the inlet and outlet of the microfiltration.
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Silt Density Index is a measure of colloids and suspended particles in water. Figure 6 shows the evolution of SDI of
water filtered by sand and microfilters (5 um) in 2017. From the figure it can be seen that the SDI values are below 3
for all months of 2017 using microfiltration, while the SDI values are above 3 during January and February 2017 using

sand filters. The obtained results of SDI of microfiltered water were similar to those found by Boulahfa et al. in 2013
[21].

3.2. Characterization of reverse osmosis membrane

Figure 7 shows scanning electron microscope (SEM) images and corresponding EDS spectra of fouling membrane
surfaces. The image of the surface of the reverse osmosis membrane obtained by SEM shows the formation of large
surface cracks due to contact with chlorine. Membranes are very sensitive to disinfectants, especially oxidants [23,24].
There are also deposits in the form of clearly visible aggregates, which show a significant amount of colloidal fouling
on the membrane. The EDS spectrum, shown in Figure 7, revealed the presence of calcium in large quantities, which is
responsible for the formation of scale.

SEM HV: 5.0 kV WO: 9.95 mm 1 VEGA3 TESCAN|
View field: 277 pm Det: SE 50 pm

SEM HV: 5.0 kv WD: 9.96 mm VEGA3 TESCAN|
View field: 138 pm Det: SE 20 ym
SEM MAG: 200kx  SM: RESOLUTION CAC-Cadi Ayyad University

SEM MAG: 1.00 kx __ SM: RESOLUTION CAC-Cadi Ayyad University

(d)

SEM HV: 5.0 kV
View field: 5.4 pm
SEM MAG: 6,00 kx _ SM: RESOLUTION CAC-Cadi Ayyad University

Fig. 7. (a) SEM images of a reverse osmosis membrane structure x 1000; (b) x 2000; (c) x 5000; (d) EDS spectrum
result.
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Fig. 8. XRD pattern of fouling matter.
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Figure 8 shows the X-ray diffraction pattern of the fouling membrane. This analysis showed the presence of CaCOs,
Al;O3, Ba(S04)2, MgCl; and SiO,. Based on these results, the nature of the clogging material is essentially inorganic,
and formed mostly by calcium carbonate (38.70%). Table 2 shows the values of the permeability of the reverse osmosis
membrane before and after the washing period during 2017. According to table 2 the permeability value has been
increased from 1 to 1.3 10 m.s.bar?. an increase of the flow rate from 80 to 100 L/s has been observed.

Table 2 : Membrane permeability and debit values.

Before  After

cleaning cleaning
Permeability of FIMTEC Lp (10° m.sthbar?) 1 1.3
Debit of permeate (L/s) 80 100

4. Conclusion

The quality of the feed water supplied to the Khenifra reverse osmosis desalination plant is subject to temporal variations.
This change is due to the deviation of rainfall and seasonal temperature fluctuation leading to evaporation of water from
the river. The feed water is subject to strong seasonal variations which leads to the precipitation of salts on the membrane
surface inducing membrane scaling. The use of scale inhibitors must take into account the salinity of the feed water
during the seasons and adjust its dosage according to the salinity. The use of chlorinated products in the treatment of
surface water, may leave traces of chlorine in the water feeding the membrane and may damage the surface of the
membrane. Indeed, for improving the functioning of the Khenifra Reverse Osmosis Plant and achieving high
performance, pre-treatment of the feed water is highly recommended.

References

[1] M.A. Alghoul, P. Poovanaesvaran, K. Sopian, M.Y. Sulaiman, Review of brackish water reverse osmosis (BWRO)
system designs, Renew. Sustain. Energy Rev., 13 (2009) 2661-2667.

[2] S. Yu, Z. Xu, W. Wu, D. Zuo, Effect of land use types on stream water quality under seasonal variation and
topographic characteristics in the Wei River basin, China, Ecol. Indic., 60 (2016) 202-212.

[3] M. Ennouhi, A. El Boukili, A. El Hourch, A. Guessous, A. Khadir, M. El Otmani, L. Hasnaoui, M. El Azzouzi,
Optimization of conventional treatment of the surface water treatment plant of the city of Khenifra, Mediterr. J. Chem.,
7 (2019) 472-477.

[4] J. Radjenovi¢, M. Petrovi¢, F. Ventura, D. Barceld, Rejection of pharmaceuticals in nanofiltration and reverse
osmosis membrane drinking water treatment, Water Res., 42 (2008) 3601-3610.

[5] J.M. Tharayil, A. Manaf, J. Nittin Johnson, Sustainable forward osmosis desalination: a review on polymeric
membranes and flux parameters, Int. J. Environ. Anal. Chem., (2020).

[6] M. Filella, F. Quentel, B. Pernet-Coudrier, G. Varrault, Application of a refractory organic matter quantification
method to wastewater effluents, Int. J. Environ. Anal. Chem., 89 (2009) 799-807.

[7]1 A. Ayol, Y.O. Demiral, S. Gunes, Efficient Treatment of Domestic Wastewaters by Using a Dynamic Membrane
Bioreactor System, J. Membr. Sci. Res., 7 (2021) 55-58.

[8] L. Malaeb, G.M. Ayoub, Reverse osmosis technology for water treatment: State of the art review, Desalination.,
267 (2011) 1-8.

[9] B. Zhang, D. Huang, Y. Shen, W. Yin, X. Gao, B. Zhang, W. Shi, Treatment of alkali/surfactant/polymer flooding
oilfield wastewater with polytetrafluoroethylene microfiltration membrane: Performance and membrane fouling, J.

Environ. Chem. Eng., 8 (2020) 104462.
Mor. J. Chem. 9 N°1 (2021) 177-184

183



[10] L.N. Sim, T.H. Chong, A.H. Taheri, S.T.V. Sim, L. Lai, W.B. Krantz, A.G. Fane, A review of fouling indices and
monitoring techniques for reverse osmosis, Desalination., 434 (2018) 169-188.

[11] J.Y. Chin, A.L. Ahmad, S.C. Low, Anti-Wetting Membrane Distillation to Treat High Salinity Wastewater:
Review, J. Membr. Sci. Res., 6 (2020) 401-415.

[12] I.N. Hasyimah Mohd Amin, A.W. Mohammad, N. Hilal, Description of membrane fouling characteristics during
ultrafiltration of organic foulants contained in sweetwater solutions, J. Environ. Chem. Eng., 2 (2014) 1243-1251.

[13] L.N. Nthunya, L. Gutierrez, S. Derese, B.B. Mamba, A.R. Verliefde, S.D. Mhlanga, Adsorption of phenolic
compounds by polyacrylonitrile nanofibre membranes: A pretreatment for the removal of hydrophobic bearing
compounds from water, J. Environ. Chem. Eng., 7 (2019) 103254.

[14] M. S, K. S, Pre-treatment of tannery chrome wastewater by green synthesised iron oxide nanocatalyst, Int. J.
Environ. Anal. Chem., (2019).

[15] G. Pojana, A. Fantinati, A. Marcomini, Occurrence of environmentally relevant pharmaceuticals in Italian drinking
water treatment plants, Int. J. Environ. Anal. Chem., 91 (2011) 537-552.

[16] C. Ying Shi, L.L. Hui Ting, O. Boon Seng, Membrane Distillation for Water Recovery and Its Fouling Phenomena,
J. Membr. Sci. Res., 6 (2020) 107-124.

[17] M.R. Hibbs, L.K. McGrath, S. Kang, A. Adout, S.J. Altman, M. Elimelech, C.J. Cornelius, Designing a biocidal
reverse osmosis membrane coating: Synthesis and biofouling properties, Desalination., 380 (2016) 52-59.

[18] Y.A. Boussouga, A. Lhassani, Performances of nanofiltration and low pressure reverse osmosis membranes for
desalination: Characterization and modelling, IOP Conf. Ser. Mater. Sci. Eng., Institute of Physics Publishing, (2017),
p. 012039.

[19] M.A. Al-Obaidi, A.A. Alsarayreh, A.M. Al-Hroub, S. Alsadaie, I.M. Mujtaba, Performance analysis of a medium-
sized industrial reverse osmosis brackish water desalination plant, Desalination., 443 (2018) 272-284.

[20] L. Zheng, D. Yu, G. Wang, Z. Yue, C. Zhang, Y. Wang, J. Zhang, J. Wang, G. Liang, Y. Wei, Characteristics and
formation mechanism of membrane fouling in a full-scale RO wastewater reclamation process: Membrane autopsy and
fouling characterization, J. Memb. Sci., 563 (2018) 843-856.

[21] H. Boulahfa, S. Belhamidi, F. Elhannouni, M. Taky, A. El Fadil, A. EImidaoui, Demineralization of brackish
surface water by reverse osmosis: The first experience in Morocco, J. Environ. Chem. Eng., 7 (2019) 102937.

[22] N. Hassan, A. Shahat, A. EI-Didamony, M. El-Desouky, A.A. El-Bindary, Mor. J. Chem. 8N°3(2020) 627-637
[23] M.K. Nayunigari, A. Maity, S. Agarwal, V.K. Gupta, Curcumin-malic acid based green copolymers for control of
scale and microbiological growth applications in industrial cooling water treatment, J. Mol. Liq., 214 (2016) 400-410.
[24] P. Lu, S. Liang, T. Zhou, T. Xue, X. Mei, Q. Wang, Layered double hydroxide nanoparticle modified forwar
osmosis membranes via polydopamine immobilization with significantly enhanced chlorine and fouling resistance,
Desalination., 421 (2017) 99-109.

Mor. J. Chem. 9 N°1 (2021) 177-184

184



