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Abstract 
 

The current work was devoted to study the operating feasibility using membranes which were manufactured locally, two membrance 

types were tested nanofiltration (NF) and ultrafiltration (UF) membrane to treat the effluent of Al-kut textile industry. Based on the usage 

rate in Iraq textile industries, terasil navy blue (TNB) is one of the common disperse dyes discharged in effluent wastewater. Therefore 

this type of dyes was selected to experience in this study. Parameters such as effects of TNB concentration, feed temperature and operat-

ing pressure and its effect on permeate flux noticed and the TNB rejection were investigated. The results show that when using NF sys-

tem at pressure of 10 bar and when the temperature increased from 25ºC to 37ºC, it was found that an increase in permeate flux from 

46.97 to 50 LMH.  However, in UF system permeate flux was increased from 41.32 to 45.04 LMH.  While dye removal was decline in 

NF membrane from 96.00 to 95.14 and for UF from 79.50 to 78.67 when the temperature raised from 25ºC to 37ºC.The pressure state 

positive effects on dye removal for both membranes, it show that NF membrane is better in treatment than UF membrane. 
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1. Introduction 

Water is considered to be one of the basic elements needed for life 

to exist. Although it seems abundant on the surface of the earth 

and due to the increase in population growth and the progress of 

modern industries, the demand for water has increased continu-

ously  . As a result of the increased pollution, Water supplies have 

become more difficult to get every day[1]. 

Wastewater contains large amounts of organic and toxic materials 

generated from dyeing and manufacturing processes. Industrial 

dyes used in textile factories are considered to be treated difficult-

ly because they contain complex aromatic molecular structures, 

making these dyes to be more stable and also difficult to be biode-

graded[2, 3].The water needed by each textile plant was estimated 

at a huge quantity of about 100-150 cubic meters per ton. The 

contaminated water discharged from the factory are very large and 

need to be treated prior to discharged into the environment, which 

is to contain dyes, organic materials and mixture of pollutants[4]. 

Many of the previous studies have shown interest on studying the 

effectiveness and feasibility of new advanced technologies and 

study of cost and performance in wastewater treatment. Among 

these techniques: membrane technology which includes microfil-

tration (MF), ultrafilration (UF), nanofiltration (NF), reverse os-

mosis (RO) and other processes such as oxidation processes, elec-

trochemical processes, adsorption and ion exchange. These tech-

niques have proved that it is more efficient and effective in remov-

ing the color and COD from wastewater compared to traditional 

methods [5]. 

Most of membranes are consider synthetic organic polymers and 

the difference between one and another is in conditions of prepara-

tion until the production of different membranes in terms of size 

of pores [6]. In this study, a treatment process will be highlighted 

by locally produced membranes equipped with the University of 

Technology in Baghdad governorate. Two models of UF and NF 

membranes have been used. 

Membrane technology is widely used in different industries for 

separation processes due to their ability to remove color, salt re-

duction, biological oxygen demand reduction, recovery of latex 

and PVA. The investment is currently trying to end the traditional 

treatment to be based on the technology of membranes for being 

the best commodity and can be used in many treatments in addi-

tion to the recovery of valuable products and re-use again and 

therefore reduce costs [7].In this paper, two types of membrane 

NF and UF membranes have been used to treated effluent directly 

from the dye bath from AL-Kut textile factory. The evaluation of 

UF and NF membranes performance was investigated in two cases, 

with and without addition of anti-scale acid to the feed samples, 

and noticed the effect of the anti-scale acid for reducesing the 

accumulation of fouling on the membrane surface. 

2. Materials and Method: 

2.1 Experimental apparatus: 

 
All experiments have been conducted in a pilot plant as shown in 

Figure (1). Two types of membranes, (UF) and (NF) were used. 

Each one of these membranes was placed into stainless steel hous-

ing. Table (1) shows the characteristics of UF and NF membranes. 

This system consists of the membrane cell made from stainless 

steel material, two pumps {high pressure pump (Parkside Pressure 

Washer Bulgaria with flow rate 5.5L/min and its maximum speed 

was 2850 rpm) before the membrane cell, a pump with a low pres-

sure (Ritek diaphragmpump USA with work flow 28 LPH) was 

used to dose the acid to clean membrane}, two Pressure gages and 

finally valves with two flow meters, were also used. 
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Table 1: The characteristics of UF and NF membranes used in the present 

study. 

Ultrafiltration Nanofiltration  Membrane 

PPSU 15% PPSU 20% - PVC 6% Membrane type 

University of Technology, Baghdad, Iraq Supplier 

1.452*10-3 1.452*10-3 Effective filtration 

area(m2) 

42.52 49.77 Porosity % 

93.95 86.85 Thickness (µm) 

3. Experimental: 

Experiments were carried out in several different steps: in the 

first step, samples were taken from Al-Kut Textile Factory. Af-

ter the dyeing process is completed, the rinsing process start in 

three consecutive stages. The difference between each rinse and 

the other is half an hour. Therefore, the concentration of the 

pigment in these stages varies and starts gradually decreasing. 

Therefore, samples were taken from each stage to study the 

effect of (TNB) dye concentration on the rejection coefficient. 

These experiments were conducted under different operating 

pressures. Three experimental pressures were applied in case of 

using UF membrane (2, 4 and 6 bar). However, six experimental 

pressures in case of NF membrane (4, 6, 8, 10, 12 and 14 bar) 

are used. The experiments were utilized to study the effect of 

pressure on the rejection factor of the membrane and the best 

pressure for high efficiency and suitable flux. Two different 

temperatures (25° C and 37° C) were tested to investigate the 

seasonal effect of winter and summer seasons on the treatment 

process as well as on membrane performance. Samples were 

collected for analysis every 180 minutes for each used pressure 

and at every 30 minutes for the permeate flux were recorded. 
 

Table2: The characteristics of the effluent of AL-Kut textile factory used 
in the present study. 

Actual level of dye bath 

effluent used in UF study 

Actual level of dye bath 

effluent used in NF study 

Parameter 

361 350 Colour (pt-co) 

630 656 TDS mg/l 

58 53 TSS mg/l 

6.91 6.8 PH 

64 58 Turbidity NTU 

1311 1335 EC µs/cm 

0.53 0.52 ABS 

302 308 COD 

 
Fig 1: photographic view of the pilot plant. 

4. Analytical methods: 

 
At each experiment and for varied pressures that is work on it, the 

flux was collected in a beaker after every 30 minutes and then 

measured in a volumetric flask and it was analysed by analytic 

equipment. The color that consider as a function for the dye con-

centration has been determined spectrophotometrically at a wave-

length 663 nm using UV-1100 spectrophotometer (Germany mod-

el 2008) which measures the light absorbency of a dye feed. One 

of the important parameters that give a necessary indicator for 

water reuse is chemical oxygen demand (COD) and it was deter-

mined through spectrophotometric tests after the samples oxida-

tion with acid solution at 150ºC and time two hour Figure (2) il-

lustrates the standard curve of light absorbency vs. various con-

centrations of TNB dye that prepared laboratory. The factor of 

rejection (R) of each species was calculated as [8]: 

%R = (1- 
𝐶𝑃

𝐶𝑅
)*100                                                                        (1) 

Where: R is rejection factor (%),  𝐶𝑃 : permeate concentration 

(mg/L), 𝐶𝑅 : feed concentration (mg/L). The permeate flux (J) of 

the membrane is calculated as: 

J = 

𝑄𝑃

𝐴
                                                                                                          (2) 

Where:  J is the permeate flux (L/m2.h), 𝑄𝑃 is the permeate flow 

rate per hour and A is active surface area of membrane (m2). 

 
Fig 2: Standard curve of TNB dye 

5. Results and discussion: 

5.1. Effect of Dye Concentration on the Percentage Re-

moval of dye: 

 
Figures (3) and (4) illustrates the percentage of TNB dye removal 

at different concentrations (11.99, 17.59 and 28.34 mg/l) using the 

NF membrane at a constant pressure of 10 bar. The dye removal 

was recorded as 96.40%, 97.10% and 98.03% respectively. 

 The percentage of dye removal increased when the concentration 

of dye increased. Concentration of the feed change the viscosity, 

density and diffusivity of the waste solution will change and that 

may be effect on the removal efficiency. This increase in concen-

tration of the feed sample will lead to a corresponding increase in 

concentration polarization which is a result of the buildup of layer 

of dye on the membrane surface, so higher is the feed concentra-

tion lead to higher percentage of dye removal. However, for using 

UF membrane in Figure 4 to the flowing concentration (11.59 

mg/l, 18.36 mg/l and 27.88 mg/l) at constant pressure of 4 bar and 

the percentage of dyes removal were obtained are 78.47%, 80.71 

and 82.00 respectively, these results are agree with the findings of 

[9, 10, 11]. 
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Fig 3: Dye removal percentage at different concentrations using NF mem-

brane at (pressure=10 bar) 

 

 
Fig 4: Dyes Removal percentage at different concentrations using UF 

membrane at (pressure=4 bar) 

 

5.2. Effect of pressure on dye removal: 
 

Pressure operating has a high effect on the percentage removal of 

dyes as shown in Figures (5) and (6). In case of using NF mem-

brane, when the pressure was increased from 4 bar to 14 bar, a rise 

in the removal level, especially at concentration of 17.09 mg/l the 

percentage removal of dyes were ranged from 93.24% to 97.70%, 

while an increase in pressure from 2 bar to 6 bar for using UF 

membrane and dyes removal were changed from 78.94% to 

82.00%.  

It was found that there is a positive relationship between the per-

centage of removal and the increasing pressure, this indicates that 

the dynamic force improves with increased pressure and could 

lead to enhance the driving force that will reduce the resistance 

during the membrane and leads to membrane compaction as well 

as control the thickness of the layer. 

 

 
Fig 5: The Effect of operating pressure on percentage of Dye removal 
(NF, TNB) 

 
Fig 6: The Effect of operating pressure on percentage of Dye removal 

(UF, TNB) 

 

5.3. Effect of Feed Temperature on dye removal: 
 

Temperature of the feed is an important factor influencing the 

process of membrane performance Figures (7) and  (8) illustrates 

the difference in the efficiency of dye removal when the tempera-

ture rise from 25 ° C to 37 ° C it was observed that there is an 

inverse relationship between temperature and removal process. In 

case of NF membrane removal ratio decreased from 96.92% to 

96.15% at pressure 10 bar while in UF membrane it was decline 

from 80.71% to 79.05% at pressure 4 bar [12]. 

 

 
 

Fig 7: Effect of feed temperature on percentage removal of dye with NF 
membrane 

 

 
Fig 8: Effect of feed temperature on percentage removal of dye with UF 

membrane 
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5.4. Effect of Pressure and feed Temperature on Perme-

ate Flux: 
 

Figures (9) and (10) shows the effect of pressure and feed temper-

ature on the permeate flux where it has a positive effect both of 

them, from these figures it can be seen that the pressure is propor-

tional to the permeate flux and according to the increase in driving 

force and overcoming membrane resistance this will lead to ex-

pected increasing in permeate flux [13, 14]. In this study, maxi-

mum flux were obtained at 14 bar and it reached in NF membrane 

to 51 LMH and for using UF membrane at 6 bar was 42.56 LMH. 

While the flux permeation increases with increasing in feed tem-

perature and it may be attributed to the following effects: by in-

creasing the temperature of the feed that would be lead to reduce 

the viscosity of the permeate and this will causing high diffusion 

rate of permeate through membrane. Also the increase in feed 

temperature consider an influence factor that increased the pore 

radius of membrane. The increase in pore sizes lead to reductions 

in contaminant (organic matter, salts, natural, hardness, etc) re-

moval beside to water permeability of the membrane defiantly will 

be increases with increasing temperature [15]. 

 

 
 

Fig 9: Effect of Feed Temperature at Different Operating Pressure on 
permeate flux (NF membrane) 

 

 
Fig 10: Effect of Feed Temperature at Different Operating Pressure on 

permeate flux (UF membrane) 
 

 

 

 

 

 

 

 

 

5.5. COD removal: 
 

 
Fig11: Effect of Applied Pressure and feed temperature on COD Removal 

using NF membrane 

 

 
Fig 12: Effect of Applied Pressure and feed temperature on COD Removal 

using UF membrane 

 

5.6. Removal of Turbidity and Total Suspended Solid 

(TSS): 
 

Table (3) shows the removal ratio of TSS and Turbidity for the 

TNB feed sample where it is obviously seems that the Nanofiltra-

tion performance in removal is better than Ultrafiltration. NF 

membrane was more efficient and agrees with the specific criteria 

for reuse of water than UF membrane and this related to the pore 

size which leads to the transit of organic substances and pollutants 

more through the membrane surface. 

 
Table (3): Turbidity and TSS retention by NF and UF membranes 

NF membrane (at pressure 10 bar) 

R % Permeate Feed Parameter 

80.13% 15.5 78 TSS mg/l 

85.86% 8.2 58  Turbidity NTU 

UF membrane (at pressure 4 bar) 

R % Permeate Feed Parameter 

74.41% 14.84 58 TSS mg/l 

84.64% 9.83 64 Turbidity NTU 

 

6. Evaluation of NF and UF membranes per-

formance after addition of anti-scale acid to 

the Feed samples: 

 
Discharge is an important issue and must be taken into account, in 

addition to solving the problem of pollution caused by waste wa-

ter, permeate flux is also important because of water scarcity, 

therefore pay attention to the problem of fouling that blocks the 

pores of the membrane surface and reduces the life of membrane 

in addition to reducing the resulting flux. In order to control this 
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fouling, in this study anti-scale acid was used to made the feed 

solution in continuous movement thereby minimize the accumula-

tion of organic materials on the membrane, which hinders the 

filtering process and reduce the flux. As we see in Figures (13) 

and (14) have been noticed improvement in behavior of permeate 

flux than was observed before the use of acid especially in high 

operating pressures. This result is agree with the finding [17]. 

 

 
 

Fig 11: Effect of anti-scale on permeate flux at Different operating (NF 
membrane) 

 

 
Fig 12: Effect of anti-scale acid on permeate flux at Different operating 

(UF membrane) 

 

7. Prediction of modified fouling index (MFI) 

for NF and UF membranes processes: 

 
The slope of an inverse flow rate (1/Q) versus cumulative volume 

(V) represent the MFI as shown in equation below: 

1

𝑄
= 𝑎 + 𝑀𝐹𝐼 ∗ 𝑉                                                                                 (3)  

MFI was investigated in this study systematically, one of the rea-

sons for this hindrance is the cake formation due to suspended and 

colloidal matter (particulate fouling)[18-19] 
 

 
Fig 13: Evaluation of MFI for waste water using TNB dye (NF membrane, 

at 10 bar) 
 

 
 

Fig 14: Evaluation of MFI for waste water using TNB dye (UF membrane, 
at 4 bar) 

8. Conclusion: 

From series of the experiential teststhe following conclusion can 

be drawn: NF and UF membranes can be an effective tools to be 

used in treated the effluent waste water of Al-kut textile industry, 

where the use of NF and UF membrane has been proven to be 

effectivein removal of dye from wastewater beside to reduction in 

chemical oxygen demand (COD) to be at the required limits. Dye 

removal was positively related to applied pressure while inversely 

related to feed temperature. From the results it show that the dye 

concentration state inversely effect on permeate flux while applied 

pressure as well as feed temperature have positive impact on per-

meate flux for both membranes NF and UF, beside to addition of 

anti-scale acid to the solution which contributed to  increase flux 

by reduce the accumulation of fouling. When compared between 

these two types it demonstrate that the behaver of NF system has 

higher rejection than UF system but the last has higher permeate 

flux due to the nature of the UF membrane and surface pores 

compared with NF membrane.  
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