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Abstract 
In this study, integrated membrane systems represented by Ultrafiltration/Nanofiltration  (UF/NF),  

Ultrafiltration/Reverse  Osmosis  (UF/RO) and direct Nanofiltration (D/NF) and Reverse Osmosis (D/RO) applied separately at 

a semi pilot scale were investigated for the treatment and reuse of biologically pretreated real textile wastewater. The 

separation performances taking into account the operating pressure (TMP) and flux recovery ratio (FRR) was 

extensively investigated. Long-term performance of the membrane systems separation was analyzed as well. 

The results showed that the NF and RO applied directly can achieve high separation performances with good 

permeate quality. The fouling study shows that the FRR at the optimal pressures of 8 bar for NF and 10 bar for RO was higher 

than 90%. 

When using UF as pre-treatment under optimal TMP of 3bar, the application of the hybrid UF/NF and UF/RO systems allows 

a decrease of the TMP from 8 bar to 6 bar for NF and from 14 bar to 12 bar for RO. An enhancement of the permeate flux 

respectively of 36% and 29% has been also achieved. In addition, both hybrid processes showed good antifouling 

characteristics with a permeate flux maintained at almost constant value since the first minutes of filtration of 44 L/h.m² 

at 6bar for UF/NF and 42 L/hm² at 10 bar for UF/RO, which is in compliance with an industrial application. 

Taking into account the water process quality usually used in the company in terms of chemical oxygen demand (COD), 

chloride and Total Dissolved Solids 

  
 

1. Introduction 

The textile industry is known as one of the most important industrial sectors of the 

world. Its main drawbacks are related to water consumption and wastewater production. 

Estimates indicate the consumption of over 100 L of water per kilogram of textile product 

and, an average of 90% of the water input in textile operations needs at end-of pipe 

treatment  [1,2].  Wastewater  generated  from  textile  industries  is  notorious  for  its 

recalcitrant characteristics including complex structures such as wetting agents, dyes, 

fixing  agents,  softeners  and  many  other  additives  [3].  Its  quality  depends  on  the 

processing steps, dye nature, auxiliaries and textile materials. Generally, it is usually rich 

in color, chemical oxygen demand (COD), complex chemicals, inorganic salts, with a pH 

value different of neutrality and high temperature [4-6]. 

Therefore, it is obligatory to find an effective method for textile wastewater 

treatment before discharge into environment. The treatment of textile wastewater 

becomes also, a requirement for the promotion of the internationally sector and must 

therefore be considered at the same level as the production. In addition, the ecological 

label required today has led companies to make a great effort to find solutions that 

guarantee autonomy in water and energy. So, water scarcity, ecological label and 

environmental impact makes industrial wastewater reuse necessary. 

The most common treatment methods of the raw textile wastewater are based on 

biological or physical-chemical processes with previous screening and pH adjusting steps. 

Biological activated sludge [7], anaerobic treatment [8], membrane bioreactor [9]offer 

high efficiency in chemical oxygen demand (COD) reduction, but do not completely 
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eliminate the color and the salinity of the wastewater due to the biodegradable difficulty 

of the dyes presented in the effluents. Physicochemical and chemical processes such as 

coagulation-  flocculation  [10],  adsorption  [11],  membrane  filtration  [12],  advanced 

oxidation  [13],  etc.  which  reduce  dissolved,  suspended,  colloidal, and non-settleable 

materials  from  wastewater  but  can  not  eliminate  the  color.  The  major  drawbacks 

including In addition, these systems present difficulties in management of the produced 

sludge as well as low COD and salinity removal efficiency [14,15] and need in general the 

addition of chemicals. Due to highly polluted nature of textile wastewaters, water reuse 

may only be possible after the use of several treatment steps   which depend on the 

concentration of pollutants and the reuse criteria. These last techniques are not able to 

remove the high level of salts present in wastewater, hindering the water reuse in the 

production process [16]. 

With more and more restrictive effluent quality required by water authorities as 

well as the increasing water shortage, membrane separation is the most promising 

technology that offer a realistic solution to meet the increasingly strict discharge limits 

and to reuse the textile wastewater by providing treated water with good quality. 

Membrane systems are found to be advantageous over traditional separation methods 

due to their lower energy consumption and environmental impact. 

Nanofiltration (NF) and Reverse Osmosis (RO) are able to retain not only relatively 

small organic molecules but also ions from a dye wastewater [12-17]. Lot of studies have 

been carried out on the NF treatment of textile wastewater and some of them have 

already dealt with the recycling of the treated water and the recovery of some salts and 

chemicals [15,18-22]. 

Tak-Hyun et al.[23] studied the combined process of NF and RO membranes not 

only to improve the  rejection  efficiencies  and flux recovery, but also to recycle the 

permeate  back  into  the  dying  process.  Van  der  Bruggen  et  al.  [24,25]  studied  the 

performances of NF  treatment  of textile wastewater, they concluded that the ideal 

membrane process for the treatment of dye wastewater was a compromise between dye 

retention and salt retention. Qin et al. [26] treated dyeing wastewater for reuse by using 

three types of NF membranes designed as NE-70, Desal-5 and TS-40. It was found that all 

the three studied NF membranes performed with high efficiency of 99% for dye removal. 

Zhonglong  Yin  et  al.  [27]  were  also  tested  three  commercial  polyamide  thin-film 

composite  RO  membranes  (BW30-4040,  CPA2-4040,  and  RE-4040-FEN)  for  treating 

textile secondary effluent. For all membranes, the extent of irreversible fouling was 

higher than reversible fouling for three membranes, and was mainly responsible for the 

flux drop. 

It is well known that one main obstacle to wide applications of NF/RO processes is 

the  fouling  on  the  membrane  surface  after  a  continuous  long-term  operation.  This 

problem can be solved by a proper pretreatment technique which plays a key factor in 

the  efficiency  of  NF/RO  process  [28,29].  MF  and  UF  processes  appear  to  be  more 

attractive as a pretreatment  prior to NF/RO in place of  conventional clarification or 

filtration [30-36].This pretreatment process allow controlling the flux drop and hence 

maintain an efficient membrane separation process. Gozalvez-Zafrilla et al. [37] assessed 

the application of three different NF membranes (NF90, NF 200, and NF270) to treat raw 

or ultrafiltration (UF)-pretreated textile effluent. It was concluded that NF90 is the most 

suitable membrane, since it could meet the specifications for water reuse in the textile 



  

effluent. Also,  the application  of  UF  as a  pre-treatment  is important  for  eliminating 

colloids and macromolecules responsible for most membrane fouling. 

Many researchers have studied the recovery and reuse of textile wastewaters 

extensively. Membrane techniques hold great promise, as they have the potential to 

remove dyes or to concentrate the dyestuffs and auxiliaries and produce purified water. 

N. Ben Amar and al. [38] studied the possibility of reusing the textile wastewater using 

NF and RO membrane. They concluded that if the aim is to reuse the treated wastewater 

in compliance with both factory requirements on water quality and Tunisian water reuse 

standards, NF using 11 bar as operating pressure is the suitable method of treatment. 

M.Liu et al. [3] compared the performances of the treatment textile effluent by NF and 

RO for water reuse. They found that the application of NF and RO processes could 

effectively remove the COD, BOD, salinity and color of the biologically treated textile 

effluent. The treated water of good quality could be recycled back to the processes such 

as  washing  and  dyeing,  offering  then  economic  benefits  by  reducing  the  water 

consumption and wastewater treatment cost. G.Masmoudi et al. [39] used the combined 

MF/NF system for the treatment and reuse of dyeing effluents. They concluded that the 

use of MF as pretreatment played an important role in removing suspended solids and 

turbidity. On the other hand, its effectiveness in the removal of COD was about 30%. The 

MF/NF combination produced about 54 % of the feed effluent as permeate. 

In this study, a wastewater management strategy was adopted to investigate the 

different wastewater reuse opportunities for the dyeing process or for other applications 

within the textile industry. In line with this strategy, NF and RO were used as a post- 

treatment of biologically treated wastewater not only for the reuse, but also to reduce 

the amount of water consumed and wastewater generated. For this, alternative 

treatment processes, in semi-pilot scale, has been studied. 

 
2. Materials and Methods 

 

2.1. Wastewater origin 
 

The effluent of the current study was supplied from full-scale wastewater 

treatment plant of a Tunisian textile company (SITEX) located in Ksar Hellal, (Tunisia) 

which specialized in the dyeing and washing processes. 
 

The produced wastewater was collected in a homogenization tank to be treated 

firstly through a grit chamber to remove all the large solids and then neutralized by liquid 

CO2  to  reach  a  pH  value  between  7.5  and  8.5,  which  is  convenient  for  biological 

treatment. Two oxidation ditches with aeration (2–3mg O2/L) were used for aerobic 

biodegradation of pollutants. The plant was designed to deal with a daily flow rate of 

wastewater of 1800 m3. The quality of this biologically treated water is not quietly in 

compliance  with  the  Tunisian  standard  of  wastewater  discharge  to  public  sewers 

(Table.1). 

 

 

 
 



  

Table.1. Characteristics of the raw and biologically treated wastewater of the local 

textile Industry 

 

Parameter Raw 

effluent 

Biologically 

treated effluent 

Rejection 

limits 

pH 11±1 8.5±0.5 7<pH<8 

Conductivity (ms/cm) 26±5 7 ±1 - 

Color (mg/L (pt-cd) 350±100 150±50 100 

SS (mg/L) 509±60 40 ±8 400 

COD (mg/L) 3020±400 170 ±50 1000 

TDS (mg/L) 14030±2000 4000 ±800 - 

Cl- (mg/L) 960±100 1000±200 700 

Na + (mg/L) 1980±120 2000±200 100 

2- 
SO4 (mg/L) 960±100 1150±100 500 

- 
NO3 (mg/L) - 12±4 90 



 

2.2 Experimental strategy 
 

Different treatment strategies were adopted to investigate the diverse 

wastewater reuse opportunities in the dyeing process or for other applications within the 

textile industry. Fig.1 presents the different treatment systems studied in a semi-pilot 

scale. To manage wastewaters as well as to minimize water consumption including reuse, 

different configurations were identified. 

At first, NF and RO were used directly, as post-treatment of the biologically treated 

wastewater. Then, UF has been used prior to NF or RO to remove most of the suspended 

and undissolved substances to limit the effect on membrane fouling and to protect the 

membrane from damage (Fig. 2). 

Table 2 shows the membrane characteristics used in this study. The textile effluent 

was pumped directly from the storage bath to the feed tank using a volumetric pump 

and it was maintained at a fixed temperature (25-30°C) by a circulating thermal bath. The 

feed  effluent  can  undergo  either  an  ultrafiltration  pretreatment  on  the  150  KDa 

membranes in order to eliminate the causes of fouling NF and RO membranes. 
 
 

 
 
 
 
 
 
 

 

Fig.1. Different alternatives for textile waste water treatment in semi-pilotscale 
 
 

Fig.2.Schematic illustration of the membrane post-treatment unit 
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Table.2. Mains characteristics of the used membranes 

 
Parameters UF membrane NF membrane NF 

270 

RO membrane 

BW30 

Material TiO2 Polyamide Polyamide 

Membrane area 0.155m² 2.5m² 2.5m² 

MWCO 150 kDa 200-400 Da >100 Da 

Manufacturer  Dow Filmtec USA Dow Filmtec, USA 

Salt rejection 

NaCl rejection 

MgSO4 rejection 

 
- 

 
50% 

98% 

99.4% 

- 

- 

Pure water 

permeability 

(L/hm. bar) 

 

220±15 

 

7.6±0.2 

 

3.2±0.2 

 
 

2.3 Experimental procedure 
 

Firstly, experiments were carried out under total recirculation mode in order to 

optimize the operating parameters (TMP and velocity), both the concentrate and the 

permeate were recycled into the feed tank to keep the feed concentration approximately 

constant.  The  treated  volume  in  each  test  was  of  50  L.  Then,  filtration  tests  were 

conducted at constant TMP under concentrating mode, through which the permeate 

stream was withdrawn from the system. The Volume Concentrating Factor (VCF) was 

then determined by: 

VCF = Vi/Vr 

Vr = Vi – Vf 

Where Vi, Vf and Vr are respectively the initial, final and the retentate volumes. 

After each run, the membrane was cleaned according to the recommendations of 

the  manufacturer.  To  ensure  the  efficiency  of  membrane  regeneration,  the  initial 

permeability of the membrane should be found by determining the evolution of the 

water flux with the transmembrane pressure (TMP). The average values of membrane 

permeability  as  measured  were  7.6  L/h.m².bar,  3.2  L/h.m².bar  and  220  L/h.m².bar 

respectively  for  NF,  RO  and  UF  which  remained  almost  constant  throughout  the 

conduction of all experiments. In the case when the membranes are much clogged, one 

cleaning operation is usually not sufficient to regenerate the membrane, a second one is 

then required. The variation of the membrane permeability should not exceed 2% for NF 

and RO and 15% for UF. 

During each experiment, permeate volumes were collected and analyzed. The 

retention of different parameters (R) was then determined as follows: 



 

R (%) =100 *(1-Cp/Cf) 
 

where Cp and Cf are respectively the solute concentration in the permeate and in 

the feed solution. Each experiment was repeated twice. 
 

2.4 Analysis 
 

Physico-chemical parameters of real effluent and of permeate were determined 

according to the standard methods suggested by American Public Health Association 

[40].  Conductivity  and  pH  determinations  were  done  respectively  by  means  of  a 

conductimeter, Tacussel model123 and pH-meter, Metrohm 744 respectively. 

COD was estimated by open reflux method. The protocol presents a method 

derived from the standard AFNOR T90-101. The sample was refluxed in an acidic medium 

with a known excess of potassium dichromate and the remaining dichromate was 

titrated with ferrous ammonium sulfate. The COD values were obtained using a Fisher Bio 

block Scientific reactor COD 10119 type COD-meter. 

Anions were determined by ion chromatography using a Metrohm 761 Compact IC 

with conductivity detection. The anion chromatography measurements with chemical 

suppression were made with Metrosep Anion Dual 2 Columns (4.6 mm×75 mm) with a 

particle diameter of 6 μm. Cations amounts were determined by atomic spectroscopy 

using an analytical Genway PFP 7 spectrometer. The TDS and SS determination were done 

by a Spectrophotometer DR3900. 
 

2.5 Color  intensity measurement 
 

The different qualities of the treated water were reused in the dyeing process. The 

dyeing  performances  of  the  reused  water  compared  to  the  fresh  water  was  then 

determined  using  samples  represented  by  textile  items  dyed  in  presence  of  NF 

permeates and fresh water as standard reference with a similar dyeing protocol. For that, 

a spectrocolorimeter (Data color Spectrum 2520) was used. The intensity of the dyeing 

color can be represented by a point in a space formed by three orthogonal axes: the first 

describes  color  evolution  from  green  (-a*)  to  red  (+a*),  the  second  identifies  color 

evolution from blue (-b*) to yellow (+b*) and the third one represents lightness L* 

ranging  from  0  for  black  to  100  for  perfect  white.  In  this  measurement  method,  a 

comparison against a standard color is required. So, total color differences ΔE can be 

calculated from analysis of samples and standard, following: 
 

 

The samples giving the best results should have a total color difference ΔE close 

to zero. Then, the similarity between standard and samples was calculated following: 

Similarity (%) = (1- ΔE) x 100 



 

2.6 Fouling characteristics 
 

Fouling is one of the main problems in membrane separation processes, which is 

caused  by  dissolved  organic  or  inorganic  compounds,  colloids,  suspended  solids, 

bacteria. Nevertheless, for NF and reverses osmosis, it might be even somewhat more 

complex because of  the interactions. The membrane surface interactions leading to 

fouling that can take place at nanoscale, and which are by the way difficult to understand 

[44,45]. 

In order to evaluate the fouling behavior of the membranes, the flux recovery ratio 

(FRR) has been determined. The FRR can be estimated using the following expression: 

FRR (%) = Jwr/ Jwi 
 

Where Jwi is the pure water flux of the fresh membrane and Jwr is the pure water 

flux of the membrane after rinsing. 

FRR is a criterion indicating the fouling behavior of the membrane and is preferable 

to be closer to 100%. In order to explain the fouling and the permeate decline, the 

resistance series model was used to describe the fouling-resistant ability of NF and RO 

membranes. 

Fouling resistances take place because of accumulation of solutes on the 

membrane surface and formation of cake layer and/or penetration of solutes inside the 

pores and deposition on their surface. The total fouling (Rt), reversible fouling (Rr) and 

irreversible fouling (Rir) were calculated using Eq Y1. 

Rt = Rm + Rr + Rir 
 

where,  Rt  is  the  degree  of  total  flux  decline  due  to  total  fouling,  Rr  and  Rir 

represent  reversible  fouling  caused  respectively  by  concentration  polarization  and 

irreversible fouling resulted by adsorption or deposition of solutes on the membrane 

surface [27]. 

 
3. Results and discussion 

 

The quality of the biologically pretreated water is not quietly into compliance with 

the Tunisian standard of wastewater discharge to public sewers, due to the high 

remaining salinity. In order to ensure good management of water resources through the 

reuse of wastewaters, RO and NF processes will be applied respectively for total and 

partial desalination of the Activated Sludge (AC) biologically pretreated effluent. The 

application of membrane processes is generally limited by the concentration polarization 

and fouling resulting in flux decline with time. However, permeate flux and quality can 

be improved by adjusting the filtration conditions such TMP and concentration as well as 

by the use of a suitable pretreatment. In this study, the approaches using direct NF, RO 

and integrated membrane systems UF/NF and UF/RO were investigated and compared. 
 

3.1 Performances of NF and RO 
 

3.1.1 Effect of TMP 



 

Fig.3 displays the variation of NF and RO permeate flux with time at various TMP 

from 4 to 16 bar at a temperature of 25°C. Results show in all cases that the flux decreased 

slightly with time to obtain a steady state value after 30 min of filtration by NF and 20 min 

of filtration by RO. This decrease of the flux, which does not, exceeds 23% and 17% for NF 

and RO respectively, is mainly due to the deposition and adsorption of foulants on the 

membrane surface [41]. 
 
 

 

Fig.3.Variation of the permeate flux with time at different time TMP using NF and 

RO under 25°C 

The characterization of NF permeate shows a total retention of the suspended 

matter independently of the pressure value. Generally, the retention of dissolved organic 

and inorganic substances increases with TMP until 8 bar, above this value, the retention 

varies slightly (Table.3). Regarding COD and salinity, the retention exceeds 60% (87% for 

COD and 62% for TDS). 

Results presented in Table.3 show that the retention of bivalent ions is much higher 

than that of monovalent ones and that is minimally affected by the variation of pressure. 

At a high value above 6 bar a total retention of Ca2+and Mg2+ and of about 88% (SO42-), 

73% (NO3-) and 71% (Na+) was observed. The lowest retention is obtained for chloride, of 

about 40%. NF membranes can reject high amounts of sulfate and allow sodium chloride 



 

ions to pass through the membrane. Negative charge of NF membrane tends to repel 

polyvalent anions more widely than monovalent anions [42]. 

On the other hand, the secondary layer formed by dye molecules and the Donnan 

effect  may  be  responsible  for  the  permeability  and  dye  rejection  of  the  membrane 

instead of its intrinsic properties [2,3]. 

 
Table.3.Performances of the NF treatment at different TMP 

 

Parameters Raw 

Effluent 

Permeate 

4bar 

Permeate 

6bar 

Permeate 

8 bar 

Permeate 

10 bar 

Permeate 

12 bar 

Permeate 

14bar 

TR(%) TR(%) TR(%) TR(%) TR (%) TR(%) 

Flux (L/hm²) - 15.5 21.8 32.48 42 48 55.2 

pH 8,74 8.35 8.32 8,25 8,22 8,20 8.18 

Conductivity 

(ms/cm) 

6,70 58% 54% 62% 62% 62% 62% 

TDS (g/L) 3,62 52% 55% 60% 61% 62% 62% 

COD (mg/L) 213 86% 80% 87% 87% 87% 88% 

Color (Pt- 

cd) 

144 100% 100% 100% 100% 100% 100% 

SS (mg/L) 38 100% 100% 100% 100% 100% 100% 

Ca 2+(mg/L) 1340 99% 100% 100% 100% 100% 100% 

Mg 

2+(mg/L) 

840 99% 100% 100% 100% 100% 100% 

Chloride 

(mg/L) 

817 33% 35% 40% 41% 43% 43% 

Sulfate 

(mg/L) 

1234 86% 82% 88% 88% 90% 90% 

Sodium 

(mg/L) 

2452 69% 67% 71% 71% 73% 73% 

Nitrate 

(mg/L) 

15 51% 60% 73% 73% 73% 73% 

 
For RO membrane, a total retention of different organic and inorganic pollutants 



 

has been detected from a TMP of 10 bar (table 4). The higher salinity retention efficiency 

is primarily due to the pore size effect and the membrane charge that can influence the 

selectivity of ions alone or associated, depending on the operating conditions. 

In general, RO membrane has a higher NaCl rejection than NF270 membrane [43]. 

The  difference  in  COD  removal  efficiency  between  NF  and  RO  membranes  can  be 

explained in terms of the secondary layer formed by the adsorption of dye molecules on 

the membrane surface during filtration [3]. 

 
Table.4. Performances of the RO treatment at different TMP 

 

Parameters Raw 

Effluent 

Permeate 

10bar 

Permeate 

12bar 

Permeate 

14bar 

Permeate 

16bar 

TR (%) TR (%) TR (%) TR (%) 

Flux (L/hm²) - 16.18 22.22 30.55 34.8 

Ph 8,74 - 7,89 7,76 7,70 

Conductivity 

(ms/cm) 

6,70 99% 99% 99% 99% 

TDS (g/L) 3.62 99.5% 99.5% 99.5% 99.5% 

COD (mg/L) 213 96.7% 98% 99.36% 99.5% 

Color (Pt-cd) 144 100% 100% 100% 100% 

SS (mg/L) 38 100% 100% 100% 100% 

Cl- (mg/L) 817 99% 99.5% 99.7% 99.8% 

Ca 2+(mg/L) 1340 100% 100% 100% 100% 

Mg 2+(mg/L) 840 100% 100% 100% 100% 

Sulfate (mg/L) 1234 99.88% 99.88% 99.88% 99.88% 

Sodium (mg/L) 2452 99% 99% 99.5% 99.5% 

Nitrate (mg/L) 15 100% 100% 100% 100% 

 
 

3.1.2 Fouling and cleaning study 
 

The membrane fouling was estimated by the determination of the flux recovery 

rate (FRR) at different TMP. A slight decrease of FRR was observed that does not exceed 



 

4% for NF and RO membranes were observed. The FRR at optimal TMP was respectively 

of 94% (at 8bar) for NF and 90 % (at 14 bar) for RO (Fig.4). 
 
 

 

TMP (bar) 

Fig.4.Evaluation of FRR with TMP for NF and RO 

The resistance-in-series model has been applied to describe the decrease of the 

permeation flux with time of the membrane processes under the different TMP. The 

hydraulically reversible resistance, which is mainly due to the loose of foulants deposition 

on the membrane surface, will disappear easily after filtration stops and water washing 

which  is  not  the  case  of  the  hydraulically  irreversible  resistance  [2].  The  fouling 

reversibility of NF and RO membranes was assessed by measuring the membrane water 

permeability before a simple rinsing with fresh water and after hydraulic cleaning. 

Fig.5 shows that the membrane irreversibility increases slightly with TMP until 8 

bar for NF membrane (from 20% to 23%) and until 14 bar for RO membrane (from 18% to 

26%). It can be seen in all the cases that Rr is much higher than Rir at optimal pressure, 

indicating the formation of the cake layer on the membrane surface which provides a 

higher contribution to the fouling resistance than the adsorbed substances which remain 

inside the membrane after the washing stage with pure water [46]. 

Fig.5.Evolution of the fouling reversibility of NF and RO membranes with TMP 
 

3.1.3 Effect of the concentration 
 

In this case, the experiments were carried out in the mode of recycling retentate 

and removing permeate at TMP of 14 bar for RO and 8 bar for NF. Fig.6 represents the 

variation of the permeate flux as a function of the volume concentration factor (VCF) for 

F
R

R
 (

%
) 

 
 
 
 
 
 
 

NF 
RO 



 

NF and RO. The maximum VCF value obtained in both cases was of 4. The permeate flux 

decreases progressively from 33 L/m² h to 22 L/m² h for NF and from 30 L/m² h to 19 L/m² 

h. for RO with increasing feed concentration (VCF) then became almost independent 

beyond a VCF range of 2-2.5. The total flux reduction was around 33% and 63% for RO and 

NF respectively between VCF 1 and 4. This important decrease of flux is associated to the 

membrane fouling which could be due mainly to the concentration of pollutants in terms 

of  salts  and  low  molecular  weight  substances  near  the  membrane  surface  due  to 

polarization effect [3]. 

Fig.6. Variation of the permeate flux with VCF 

 
According to Fig 7a, TDS removal remains almost unchanged with the increase of 

VCF until 1.8 for NF and 2 for RO and then decreased from 60% to 47% and from 99 to 96% 

respectively  for  NF  and RO. In  the  same  time,  COD removal  remains  approximately 

unchanged with increasing feed concentration in the range 84-82% for NF and 97-95% for 

RO (Fig 7b). Thus, it is worthy to notice that the efficiency of the retention of COD seems 

independent of feed concentration for both processes. Whereas, the retention of TDS 

depends on the concentration of the feed mostly for NF. These finding show that fouling 

can diminish the permeate flux and might influence differently the retention of numerous 

compounds. In our case, removal of COD is not affected by fouling for RO and NF. 

Furthermore,  feed  is  characterized  by  high  salinity  and  contains  especially  high 

concentrations of sodium and chloride exceeding the limits fixed by Tunisian standards 

for water discharge into receiving environment NT 106.002. 

The decrease of the TDS retention with VCF for NF can be related to the variability 

of the electrostatic interactions between the membrane charges and the ions in solution 

[43]. 
 

The problem of the NF and RO processes is the decrease of the permeate flux 

during treatment which is due to the accumulation of organic and inorganic molecules 

on the membrane surface (Eyupdik and al 2010). To improve the treatment by NF and RO, 

the UF pretreatment was explored. 



 

3.2.1 Determination of the UF treatment performances 
 

The results obtained from the UF applied as post-treatment to the biologically 

treated effluent using 150 KDa membrane are illustrated in Figs.8a and 8b. It can be 

observed a slight decrease of the permeate flux with time during the first 20 min and then 

a stabilization of the flux at 125 L/h.m2 at 2 bar and 420 L/h.m2 at 5 bar (Fig.8a). 
 

 

 
Fig.7. Evolution of TDS (a) and COD (b) retention with VCF 

 

3.2 Effect of pretreatment by UF on the performances of RO and NF 
 

 
The decrease of the flux in the early stage of filtration resulting in membrane 

fouling is attributed to rapid cake formation on the membrane surface due to the 

deposition of the particles larger than the membrane pore size [46]. On the other hand, 

the flux increases almost linearly with the pressure indicating that the mass transfer 

during ultrafiltration is controlled by the convection (no clogging of the pores). 

 
The quality of the permeate at different TMP was controlled by measuring the 

color intensity, the suspended solids (SS) and the COD (Fig. 8b). It can be observed a total 



 

retention of the SS beyond a pressure of 3 bar. 

 
 

Fig.8a.Variation of the UF permeate flux with time at different TMP 
 

In the same time, the retention of COD and color increases with the pressure until 

3 bar and then remains almost unchanged for TMP higher than 3 bar. Therefore, 3 bar 

was retained as the optimal TMP for the subsequent tests. 
 

Fig.8b.Evolution of the pollutants retention with TMP using UF membrane 
 
 

3.2.2 Determination of the hybrid UF/NF, UF/OI treatment performances 
 

Fig.9 displays the variation of UF/NF and UF/RO permeate flux and the pollutants 

retention with TMP at a temperature of 25°C. 

The results show that the flux increased with TMP until 6 bar for UF/NF and 10 bar 

for UF/RO and then the variation became very slightly 

The characterization of the UF/NF permeate shows that the pollutants retention 

increases with TMP until 6 bar, above this value, the retention became almost unchanged 



 

of 93% for COD, 64% for TDS, 70% for Na+ and 61% for Cl-. 

For UF/RO treatment, a total retention of different pollutants has been detected 

from a TMP of 10 bar. Therefore, the UF pretreatment improves the purification 

performances for all pollutants and allows a decrease of the TMP for both hybrid 

systems. The permeate flux pattern with the pressure during both UF/NF and UF/RO 

processes results from fouling and polarization concentration. 

As expected from the diffusion/convection transfer mechanism, the passage of 

pollutants across the membrane decreases with an increase of applied pressure (Fig. 9). 

At low TMP, the permeate flux increases with the transmembrane pressure reducing the 

diffusion contribution with respect to convection leading to the observed increase of the 

retention until a high-pressure plateau is reached that can be interpreted by the electro 

viscous effect related to electrostatic interactions between the membrane charges, the 

ions in solution and water [ 43,47]. 
 

 

 

Fig.9.Evolution of the pollutants retention and permeate flux with TMP using the 

hybrid system UF/NF and UF/RO under 25°C 

 
Fig.10 confirms that the application of the UF as pretreatment highly improves the 

membrane permeability of NF and RO using in hybrid systems in comparison with direct 

NF and RO treatments. In the same time, a decrease of the membrane fouling was 

observed in the early stage of filtration. An enhancement of the permeability of 36% and 



 

29% was observed respectively for NF and RO. 

 

Fig.10. Evolution of the membrane permeability during the filtration for NF, 

UF/NF, RO and UF/RO processes 

 
In terms of performances, Table.5 indicates that the application of UF prior to NF 

or RO allows to enhance the quality, particularly by 60 % in terms of COD for UF/NF and 

UF/RO treatment.  The final water quality was fit for reuse in the dyeing process. 

According to these results, the quality of the produced water by the direct RO and 

hybrid UF/NF and UF/RO is satisfactory and it is below the values recommended for the 

rejection  limits  and  the  water  process,  only  the  values  pH  exceeded  slightly  the 

recommended standard (Table 5).UF/NF permeate can also be used also as a process 

water. Therefore, UF/NF process is a promising option for textile wastewater recovery 

that can be used as alternative to UF/RO treatment offering the advantage of lower 

pressure  needed  and  higher  permeate  flux.  Practically,  the  treated  water  by  NF 

membrane can  be  used  in  the dyeing  process  due for its  relatively high  content  of 

dissolved solutes. While permeate through RO membrane can be used as dyeing or 

finishing water because of its extremely low salinity. 

It is worthy to notice that in the presence of UF pre-treatment, the rinsing of the 

NF and RO membranes was sufficient to recover the initial membrane permeability. 

 
Table.5. Physico-chemical characteristics of permeates from direct NF and RO and hybrid 

UF/NF and UF/RO systems 

 
Parameter Direct NF 

process 

Hybrid 

UF/NF 

process 

Direct RO 

process 

Hybrid 

UF/RO 

process 

Rejection 

limits 

Water 

process 

Permeate flux 

(L/h.m²) 

32.5 39.6 30.55 36 - - 

pH 8.45 8.40 8.30 8.30 7<pH<8 - 



 

Conductivity 

(µc/cm) 

2520 2320 50 45 - - 

Color (mg/L) 0 0 0 0 100 0 

SS (mg/L) 0 0 0 0 400 0 

COD (mg/L) 30 12 5 2 < 30 <30 

TDS (mg/L) 1420 1350 25 22 - 1.5 

Cl- (mg/L) 490 300 4.6 3 700 500 

Na+ (mg/L) 711 510 12 9 1000 100 

SO4
2-(mg/L) 140 90 0 0 - 100 

 

3.2.3 Treatment over a long period 

 
In order to simulate the real conditions in the industry, the UF/RO and UF/NF 

treatment were investigated during three days under the optimum value of pressures of 

6 bar for NF and 10 bar for RO. After each day, membranes were rinsed with water to 

determine the extent of irreversible fouling. 

As indicated by Fig.11a, two trends were observed depending on the process. 

Initially, the permeate flux decreased very sharply for UF/NF during the first day from 45 

L/h.m² to 37L/h.m² and from 40L/hm² to 34,4 L/hm² for UF/RO. After rinsing the membrane 

by fresh water, the flux increased to 43 L/ hm² and 38L/hm² respectively for UF/NF and 

UF/ROand then decreased with time to a value of 37L/h.m² (UF/NF) and 34L/hm² (UF/RO). 

The efficiency of the membrane regeneration decreased after 48 h of filtration and 

the flux continued to decrease then to 33 L/h.M2and 30 L/hm² respectively for UF/NF and 

UF/RO at the end of the third day. The total permeate flux decrease between the first day 

and the third day corresponds to 10.81 % (UF/NF) and 12.79 % (UF/RO). 

 

Fig.11a.Variation of the permeate flux with time for long period filtration with the 

hybrid UF/NF (TMP = 6bar) and UF/RO (TMP= 10 bar) 
 

 



 

 

Fig.11b. Determination of COD, TDS and Cl- retention after 3 days filtration for NF 

and RO 

High efficiency in the removal of pollutants from the hybrid UF/NF and UF/RO 

systems are obtained (Figure 11b): For UF/RO, the COD removal efficiency exceeds 90% , 

the TDS and Cl- retention are of almost 60% while the Na+ removal is of 67%. 

As expected, the hybrid system applied to the treatment of textile wastewater 

showed that the permeate quality was improved when compared with individually RO 

and NF operated separately with a sustainable flux. 

Using the hybrid UF/NF process, removal rates of over 90% was achieved for most 

of the parameters measured in the UF/NF permeate. 

 
3.3 Reuse test 

 

The   permeate   quality   after   NF   treatment   generally   satisfied   the   reuse 

requirements either in the dyeing bath [3] or as washing water [16]. In some cases, the 

NF permeate can be diluted with fresh water before reuse [48-51]. 

In the final part of this work, series of reactive and sulfur dyeing experiments were 

done with 100 % of permeate of NF, RO, UF/NF and UF/RO in order to study the reusability 

of the treated water in laboratory scale. A comparative dyeing test was carried out with 

process water. 

Tests were performed in laboratory dyeing machine using a support of cotton 

material. For reactive dyeing the different NF permeate quality contains again 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 process water and in treated water. 

It should be noticed that more ΔE is close to zero, more similar the sample is to the 

control. 

The best results were achieved by UF/NF permeate with 84% and 89% similarity for 

dyeing operation using respectively sulfur dye and reactive dye. 



 

Table.6.Tests with reactive dye 

 
 ΔL* Δa* Δb* ΔE 

RO -0.20 -0,05 0,10 0,21 

NF -0.12 -0,11 0,07 0,16 

UF/RO -0.22 -0.08 0.02 0.23 

UF/NF -0.10 -0.02 0.19 0.13 

 
Table.7.Tests with sulfur dye 

 
 ΔL* Δa* Δb* ΔE 

NF -0,08 -0.08 -0,10 0.15 

OI -0,11 0,03 -0.04 0.12 

UF/NF -0.06 0.05 -0.09 0.11 

UF/RO -0.10 0.11 -0.07 0.13 

 

 
4. Conclusion 

The experimental results showed that the NF and RO processes could effectively 

be used for the enhancment of the quality of the biologically treated textile effluent. Both 

NF and RO membranes could remove color completely and reduce COD and TDS   to 

desirable levels of less than 30 mg/L and 1500 mg/L respectively according the Tunisian 

standard of wastewater discharge to public sewers. 

This  study  highlights  also  the  efficiency  of  the  hybrid  UF/NF  and  UF/  RO  for 

enhancing the permeate flux by 18% and 15% respectively and reducing membrane fouling 

as well as  the transmembrane pressure from 8bar to 6 bar for NF and from 14 bar to 10 

bar for RO compared to the treatment achieved  with direct NF and RO. It can be drawn 

also that the hybrid UF/NF delivered better flux than the UF/RO and that for both UF and 

hybrid  UF/NF and UF/ RO processes, the  permeate flux values of 250 L/h/m2 (3 bar), 40 

L/h.m2 (6bar) and 36 L/h.m2 (10 bar) respectively, were  in agreement with an industrial 

application. 

On the other hand, the highest salt rejection was observed for RO process with a 

TDS removal exceeding 99% for both treatment systems (direct and hybrid), while NF 

treatment can provide only an average of  65% TDS removal. 

The findings on treated water quality and different treatment performances 

strongly suggest that the hybrid processes is the promising option to realize water 

resource recovery suitable for dyeing process or water process which would be used in 

the company. 
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