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Abstract: Because of the development of novel applications, nanofiltration has attracted much interest in recent years. 
This research describes the removal of manganese ions from synthetic wastewater using a TFC NF-30 membrane. The 
effects of different operating parameters on heavy metal rejection were investigated, including feed concentration (20-60 
ppm), applied pressure (5-8 kg/cm2), and pH (4-6). According to the current findings, the rejection coefficient for 
manganese ions increases with increasing pressure. The rejection coefficient reduces as the feed concentration of 
manganese ions increases at a steady flow rate. 
 
The influence of pH was investigated, and it was discovered that when the pH rises, the rejection of manganese ions rises 
as well. The maximum measured metal rejection is reported to be 99.03 percent to 96.88 percent, for an initial feed 
concentration of 20 ppm and 40 ppm. The experimental data were fitted with membrane transport models such as 
combined-film theory-Spiegler-Kedem (CFSK) for the evaluation of the membrane transport parameters and mass 
transfer coefficient, k. For manganese ions, CFSK models were applied to estimate the experimental rejection (ROE) or 
actual rejection and modeling rejection (ROM) or observed rejection. In the CFSK model, the experimental and modeling 
rejection for manganese is roughly identical to ± 0.03. 
 
Keywords: Nanofiltration, manganese, rejection, membrane transport model, CFSK model 
 

I.  INTRODUCTION 

eavy metal contamination is now a major source of concern 
for environmentalists. Manganese is a typical heavy metal 

pollutant of wastewater and groundwater since it is a major 
industrial raw material. Geochemical processes and human 
activities emit a large number of toxic compounds into the 
environment, like manganese (Mn), cobalt (Co), copper (Cu), 
zinc (Zn), and, iron (Fe), contaminating water [1,2] and 
decreasing the effectiveness of water remediation strategies 
[3]. The existence of manganese (Mn2+) in drinking water not 
only generates a steel flavor in the water but also causes pipe 
obstruction [4]. Manganese overdose has been identified as a 
major threat to human fitness [5]. Manganese removal from 
water is frequently accomplished via aeration-sand filtration 
[6–7]. Fe and Mn concentrations in drinking water should be 
substantially less than zero, according to the World Health 
Organization.3mg/L and 0.01%, respectively [8]. The natural 
occurrence of Fe and Mn in groundwater occurs when it is 

very little or no oxygen present, usually in deeper wells, in 
places where groundwater drift is sluggish, and in areas where 
groundwater runs through soils rich in natural matter. Fe and 
Mn are commonly found in natural groundwater as divalent 
ions, Fe2+ and Mn2+, in their most soluble form. They are 
colorless in soluble form in groundwater, but when exposed to 
air, they oxidize and transform into insoluble Fe3+ and Mn4+, 
respectively, leaving the water with a brown-red color. To 
remove these metals from groundwater, many procedures 
were used, including ion-alternate and water softening, 
activated carbon adsorption, aeration and filtration, 
biosorption, ionic liquid extraction, and so on [9-13]. 
 

It is observed that this sort of lined film should be freshly 
covered across the exterior of the sieve components (i.e., 
quartz sand and anthracite) regularly, in addition to manganese 
removal by automobile-catalytic techniques employing non-
stop produced MnOx [14]. However, forming an "energetic 
covered movie" on the floor of virgin sand for efficient 
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manganese separation through the aeration-sand filtering 
operation typically takes a long time (months) [15]. For this 
purpose, a strong oxidizing agent like potassium permanganate 
(KMnO4), chlorine dioxide (ClO2), ozone (O3), or other 
industrially utilized oxidants [16-17] can be employed to 
speed up the creation and development of the spark off coated 
movie formed across the exterior of virgin quartz gravel [18]. 

 
Iron and manganese, which are typically found in natural 

groundwater [19], can produce aesthetic and operational 
issues, as well as unpleasant flavor and shade, as well as 
health problems in water resources [20]. In the case of 
separation of manganese and iron from groundwater in 
domestic water transport methods, a variety of treatment 
options have been examined [21-22], including physical, 
chemical, physicochemical, and organic approaches. Because 
Mn2+ is more difficult to oxidize than Fe2+ due to manganese's 
higher redox capacity, effective separation of Fe and Mn from 
groundwater continues to be a challenge. Haddadi et al. 
investigated the kinetics and isotherms of boron adsorption 
from water using titanium dioxide extensively. Pseudo-first 
order, pseudo-second-order, reversible first order, and Elovich 
kinetic models were used to describe the equilibrium data [23]. 
Aeration and/or chemical oxidants such as chlorine dioxide, 
chlorine, hypochlorite, potassium permanganate, or ozone, 
were previously used to oxidize Fe and Mn in groundwater 
[24]. In recent years, however, membrane techniques 
combined with peroxidation have been gradually investigated 
to meet the additional strict water quality criteria with the 
present device. 

 
Microfiltration (MF) with aeration and NaOCl oxidation UF 

using pre-chlorination [25-26], a polymeric and ceramic UF 
membrane technique in addition to pre-oxidation [27-28]. Mn-
oxidizing microorganisms (MnOB) are frequently preferred 
over Mn-lowering bacteria to speed up birnessite production. 
As a result, creating favorable conditions for MnOB 
development is a critical aspect of operations. MnOB 
enrichment can also be improved by adopting a good strong–
liquid separation method. Ultrafiltration membranes have been 
well-known for their ability to effectively listen to 
microorganisms at various stages of the filtration system [29-
30]. As a result, adding ultrafiltration into birnessite-based 
water treatment is excellent for manganese elimination and 
biofilm development. A manganese oxide-containing catalytic 
clay membrane has previously been investigated [31]. A clay 
membrane device coupled with peroxidation proved active in 
manganese regulators in the feed solution, according to Kenari 
et al. [32]. They also created a pyrolusite fluidized bed with a 
ceramic membrane device to help remove manganese from 
drinking water [33]. The auto-catalytic/oxidation character of 
continually designed birnessite was neglected in these studies, 
this was the impetus for the chemical oxidation of manganese 
preceding membrane cleaning. 

 
Membrane technology is generally regarded for treating 

groundwater, saltwater, brackish and well water, and industrial 
wastewater [34-35] among many methods. Pressure-driven 
membrane processes comprise microfiltration, ultrafiltration, 
nanofiltration, and reverse osmosis [36]. The molecular size of 

the contaminants contained in the wastewater determines 
which accurate procedures to use. Nanofiltration (NF) is a 
membrane technique that sits between reverse osmosis and 
ultrafiltration. It effectively removes the substances that cause 
water hardness, such as calcium and magnesium, as well as 
germs, viruses, and color [37]. Gadhe et al., also developed 
various nanotechnology-based strategies for wastewater 
treatment. They used nickel and hematite nanoparticles for 
wastewater treatment. [38-40] Authors also emphasized the 
role of ultrasonic treatment of the nanoparticles for wastewater 
treatment. [41-44] to Gülsev Soysüren et al [45] studied the 
elimination of manganese (II) from an aqueous medium by 
employing ionic liquid-infused polymeric absorbent and 
electrode ionization (EDI) methods extensively. To separate 
manganese (Mn2+) from hydrated solutions, ionic liquid-
infused polymeric adsorbent (ILIS) and electro-deionization 
(EDI) techniques were utilized in this study. The influence of 
sorbent dosage, starting solution pH, and interaction time on 
Mn2+ separation was investigated. The exclusion of Mn2+ by 
ILIS is Ph-relying, with maximal release at about pH 9. 

 
This study aimed to investigate manganese separation by 

nano-filtration modules under different operating conditions. 
The effect of various parameters like pressure, Ph, feed 
concentration, etc. for the separation of manganese by using a 
nano-filtration module has been studied. The various affecting 
parameters were evaluated through the combined-film theory-
Spiegler-Kedem (CFSK) model. The experimental data was 
fitted very well with the CFSK model. As a result, the findings 
of this study may be used to build a manganese ion removal 
process that is both environmentally safe and cost-effective for 
use in water treatment technologies. 

II.  MATERIALS AND METHODS 

Synthetic wastewater samples are constructed using 
distilled water and sufficient concentrations of manganese (II) 
sulfate monohydrate (MnSO₄.H2O). Several replies are 
grouped with high amounts of manganese (II) sulfate 
monohydrate (20-60 ppm). The experiments were carried out 
on a Parma® pilot-scale setup. (Perm Ionics, Vadodara, 
India). Perma-TFCNF300, an industrial thin-movie composite 
polyamide membrane, is used to finish the experiments. Inside 
the experiment, a rectangular flat membrane is employed. 

 
Nanofiltration 

 
A multifunctional filtration method is termed nanofiltration. 

Membranes with nanometer-sized holes are referred to as NF 
membranes. At neutral pH, typical NF membranes have a 
horrible surface rate, which explains why multivalent, 
negatively charged ions are rejected better [46-51]. Because 
the micropore diameter (DP) of the NF membrane is much 
smaller than 2 nm, it is possible to accurately remove divalent 
and few single valet ions, solubilized organics (molecular 
weight Mw 200-500 g/mol), hardness, and heavy substances. 
Currently, Thin Film Composite (TFC) membranes were 
industrially operative membranes for various manufacturing 
separation operations, especially water handling and 
decontamination methods [52-56]. 
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Experimental Set-Up and Procedure 
 
The investigations were carried out in a quadrilateral plane 
membrane cell. The membrane-housing cell (Figure 1) was 
prepared with stainless steel and has two sections that are 
linked together with high-tensile fasteners. The waft 
distribution chamber is located in the top half of the cell, while 
the membrane support system is located in the bottom half. 
The membrane needs assistance to prevent it from rupturing at 

greater hydrostatic pressures. The following unique help 
arrangements were used, mm thick perforated chromium plate 
is placed on a 300 mesh stainless steel sensor covered with 
Whatman filter paper, stalked by a real membrane across an 
active thin-film open to a large voltage fluid. At high 
pressures, this configuration gives enough mechanical balance 
for the test diaphragm. The overhead half of the observation 
chamber has a canal for attaching an HDPE O-ring to lower 
the outflow during heavy-load processes [57]. 

Figure 1: Schematic diagram of Perma® pilot-scale membrane system 
 
Experiments were conducted on Perma- TFC-NF-three 
hundred (Permionics, Vadodara, India), also known as NF-
three hundred membrane, a commercial skinny-movie 
composite polyamide membrane. This membrane is made up 
of three coatings. The initial part is a polyamide polymer with 
a thickness of five to twenty meters that performs the real 
removal process. The middle part is comprised of polysulfone 
with a thickness of 50 micrometers. The last part, which is 
utilized to test resistance and energy, is formed by polyester 
and has a width of around 150 m. Perma-TFC membranes can 
endure pH ranges of 2–12, pressures and temperatures of 
about 30 atm, and up to  50 °C respectively. 
 
The 300 Da cut-off is used to describe the NF-three hundred 
membrane. The surface area of the strong membrane is 150 
cm2. The system will be able to manage the concentration 
polarization because of the 1mm thin opening within the 
membrane check cell and the excessive pass-waft concentrate 
employed in the experiment. Before performing the real tests 
for manganese ion rejection, the NF-three hundred membrane 
is stabilized for 2 hours at 20 atm, which is the highest stress 
employed in the studies, to regulate required membrane 
compaction while experimenting. 
 
Experiments were conducted in batch move mode for two 
hours for each set of rejection facts and permeate samples 
were gathered from extreme strain to minimize pressure for 
certain initial parameters and input discharge. To maintain 

consistent feed awareness, each permeate and concentrate is 
reverted to the input feed vessel. Permeate samples are taken 
at a certain time c language to assess the salt rejection (Ro) 
and permeate volumetric flow (Jv). According to traditional 
methods, manganese ion concentrations were determined 
using an atomic absorption spectrophotometer. To smooth the 
device, the module is cleaned with distilled water for 30 
minutes at 4 atm every after a set of experiments for a certain 
initial concentration [58]. 
 
Method of Analysis 
 
The manganese ion concentrations were determined by 
using an atomic absorption spectrophotometer (version SL-
173). A little quantity of the sample is introduced into a flame, 
which reduces the ions to elements and causes them to 
evaporate. The components in the sample absorb light at 
different wavelengths in the visible and ultraviolet spectra. A 
monochrome detects a light beam directed through the flame 
with a single unique wavelength for the detail measured. To 
quantify the fundamental concentrations, the mild absorbed by 
the extract-containing flame is compared to the absorption 
from considered requirements. Before the evaluation, samples 
with excessive amounts of elements beyond the tool’s linear 
range must be diluted. To evaluate the unknown concentration 
of manganese in the solution, a calibration curve was utilized.  
The unknown solution was supplied to the instrument, and the 
detail of this solution absorbance was measured. The 
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calibration curve is then used to compute the unknown 
concentration of the manganese. 
 

The membrane’s total performance is now evaluated in terms 
of membrane rejection R. (percent). The selectivity of a 
membrane for dilute aqueous mixes including water and a 
solute is usually described in terms of the found solute 
rejection coefficient. This parameter is a measure of the 
membrane capacity for separating the solute from the feed 
solution, and it may be calculated using the equation below: 
 

Ro = )  ………………..(1) 

Where, 
Cp represents the concentration of the particle component in 
permeate. 
CF is its feed concentration. 

III.  RESULTS AND DISCUSSION 

To understand the performance of the nano-filtration 
module, an analytical model was used. The wastewater 
samples were created synthetically by adding manganese (II) 
sulfate monohydrate (MnSO₄.H2O) to distilled water in 

concentrations of 20ppm, 40ppm, and 60ppm. Special 
operating conditions were used in the experimental runs. 

 

1. The calculation for observed rejection 
 

The film idea version calculates the rejection of manganese 
ion from manganese (II) sulfate monohydrate salt as, 
 

Ro = ) 

Where, 

        is the concentration of permeate 

          is the concentration of the feed 
 

Effect of feed concentration on rejection 
 

Experiments were performed to study the influence of feed 
concentrations of 20 ppm, 40 ppm, and 60 ppm on manganese 
ion rejection for extreme applied stress at different pH levels 
of 4, 5, and 6. The experimental runs lasted 20 minutes, and 
samples were collected and analyzed by using AAS every five 
minutes. 

 

     
 

   
 

Figure 2: % Rejection Vs Feed concentrations (Cf) for different pH & different pressure  
(a) P= 5 kg/cm2 , (b) P= 6 kg/cm2, (c) P= 7 kg/cm2, (d) P= 7 kg/cm2 
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The manganese ions rejection decreases as the feed 
concentration increase on every factor of time, as shown in 
Figure 2. This type of behavior might be fairly prevalent. As 
the knowledge of solutions grows, so does the awareness of 
solutes across the membrane exterior, resulting in the 
formation of a layer of concentration polarization. At the same 
time, another occurrence is noticed with a surge in feed 
attention, and it’s the result of osmotic pressure. The type and 
concentration of salts or organics in feed water is a 
characteristic of osmotic pressure. 
 
With increasing feed concentration, there was a rise in solute 
attention inside the reject water, especially on the membrane 
wall, increasing osmotic pressure. As the osmotic pressure of a 
solution rises, it tends to waft more solvent into the permeate 
aspect, lowering the rejection coefficient. As a result, 
permeating attention is reduced, and the rejection coefficient 
lowers as feed awareness is doubled. Z.V.P. Murthy et al [59] 
found comparable results for nickel ions while R. R. Bhutale 
et al found similar results for chromium ions separation [60]. 
 
Effect of applied Pressure on rejection 
 
These tests were carried out to see how pressure applied at 
rates ranging from 5 to 8 kg/cm2 affected manganese ion 
rejection for extraordinary feed attention. The experimental 
runs were completed for 20 minutes, and samples were  
 

 
evaluated on AAS for 5 minutes at a time, with the following 
readings: 
 
Figure 3. shows that the rejection of manganese ions increases 
as the pressure rises at each stage of the separation. This 
finding was reached because convectional ion transport 
becomes more significant than diffusion. Due to enhanced 
convective flux, when pressure rises, the greatest amount of 
solvent goes through the membrane pores. As a result, the 
solute concentration in permeate is diluted. Low retention at 
reduced pressure is due to the low diffusive transport of 
manganese ions over the membrane in contrast to convective 
transport. 
 
Convective solvent transportation is becoming increasingly 
important as stress levels rise. As a result, with increased 
strain, the retention coefficient will increase. 
 

Effect of Ph on rejection 
 
Experiments are being conducted to determine the influence of 
Ph 4, 5, and 6 on manganese ion rejection for various feed 
concentrations and pressures ranging from 5 to 8 kg/cm2. The 
experiments lasted 20 minutes, and samples were checked on 
AAS every 5 minutes, with the following readings: 
 
 

 

 

 
 

Figure 3: % Rejection Vs Pressure for different Ph  & different feed concentrations 
 (a) Cf = 20 ppm, (b) Cf = 40 ppm  (c) Cf = 60 ppm 
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Figure 4:  % Rejection Vs Ph for different feed concentrations (Cf) & different pressure 
(a) P= 5 kg/cm2 , (b) P= 6 kg/cm2, (c) P= 7 kg/cm2, (d) P= 8 kg/cm2

 
 
The manganese ions rejection increases with the increase in 
feed answer Ph up to Ph 6 as shown in Figure 4. A higher Ph 
within the initial solution aided the conversion of soluble 
divalent Mn2+ ions to Mn4+ ions, which were more powerful 
and precipitated without difficulty on membrane surfaces. The 
solubility of divalent metallic ions (Mn2+) has reduced as the 
Ph of the feed solution has increased. As a result of the 
improved Ph in the feed solution, metal ions flocculated, 
resulting in greater rejection of steel components from 
synthetic wastewater. For Iron and Manganese ions, the same 
results were found with the help of Norherdawati Kasim et al 
[61]. 
 
Effect of pressure on permeate flux 
 
Experiments were conducted to investigate the influence of 
applied pressures from 5 to 8 kg/cm2 on permeate flux over the 
long term, at various Ph(4,5,6) and feed concentrations. The 
experimental runs lasted 20 minutes, and samples were 
analyzed on AAS every five minutes. 
 

The permeate flow increases as the pressure increases. The 
convective transport and awareness polarization become 
increasingly essential as stress levels rise. This shows that the 
permeate flow alternates with increasing pressure but remains 
linear, indicating minor consciousness polarization. B.A.M. 
Al-Rashdi et al [62] reported equivalent effects for Cd (II), Cu 
(II), Mn (II), and Pb (II) ions while  Bhutale et al [60] showed 
analogous effects for chromium ions separation [63]. 
 
Because the permeate flux accelerated, the rejection became 
seen to grow with a linear courting, as shown in Figure 6 for 
manganese. 
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Figure 5: Permeate Flux Vs Pressure for different feed concentrations (Cf) & various Ph 
(a) Ph = 4 (b) Ph = 5 (c) Ph = 6 

 
Combined-film theory-Spiegler-Kedem model 
 
The basic equations of the solution-diffusion model [64] can 
be written as 
 

Jv = A (∆P - ∆π)  …………….(1) 
 

JA = ( (CA2 – CA3) ………….(2) 

 
Where A is the solvent’s permeability parameter, which may 
be determined using purified water permeability experiments. 
The solute transport parameter (DAMK/δ) is regarded as a 
single parameter. 
 
The nonlinear Spiegler-Kedem model’s working equations are 
as follows: 
 

JV = LP (∆P – σ ∆π) …………… (3) 
 

 =     …………………..(4) 

 
Where, 
 

F = exp [-JV.a2]  ……………..(5) 
 
with 

a2 =    …………………..(6) 

 
Here, is a reflection coefficient that defines a membrane’s 
rejection capacity, where = 0 implies no rejection and = 1 
means 100% rejection, PM is the overall permeability 
coefficient, and LP is the membrane’s hydraulic permeability 
coefficients, which are identical to a provided Eq (1). It’s 
possible to rearrange Eq. (2) to get 
 

 = a1 (1- F)   …………… (7) 

 
Where 
 

a1 =   ……………………(8) 

 

  ……… (9) 

 
The aforementioned equation, together with a suitable mass 
transport equation for the membrane, may now be utilized to 
calculate the membrane properties as well as the mass transfer 
coefficient k [65]. 
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Figure 6:  % Rejection Vs Permeate flux for different feed concentrations (Cf) & various Ph 

(a) Ph = 4 (b) Ph = 5 (c) Ph = 6 

 
Now, the putting Equation (7) into Equation (9) gives the 
subsequent equation: 
 

 = a1 [1- exp (-JV. a2)]                                               

(10) 
 
The working equation for the combination-film theory-
Spiegler-Kedem (CFSK) model is Eq (10). Using the 
nonlinear parameter estimation technique, we can estimate the 
membrane parameter and PM, as well as the mass transfer 
coefficient k, simultaneously by submitting data of Ro vs. JV 
taken at different pressures, but at constant feed rate and 
constant feed concentration for each set. Figure 7 depicts the 
% rejection and permeate flux. 
 

JS = PS (Cm – Cp) + (1 – σ) JV Cm   ……(11) 
 
The equation of the boundary layer theory is expressed by the 
following relation: 
 

exp )  ………………(12) 

 
 
The word Co refers to the amount of salt in the diet. There are 
two terms in equation (9): the first is diffusive transport, and 

the second is convective transport. As a result, the equation 
may be expressed as follows: 
 

JS =   JV. CP = Jdiff + JV.CConv  ……………..(13) 
 
With Jdiff = PS (Cm – Cp) and Cconv = (1-σ) Cint, by dividing 
equation (11) with JV we obtain: 
 

Cp = Jdiff  + CConv    ………………..(14) 

 
The slope of this equation Cp Vs 1/JV corresponds to the 
diffusive flux of salts Jdiff, while the intercept Cconv relates to 
the salts concentration in permeate transported by convection. 
 
Hydraulic permeability is a parameter that describes how 
productive a membrane is. The hydraulic permeability of pure 
water to a membrane, which is based on Darcy’s law, displays 
the permeate flow as a function of the applied pressure [66-
67]: 
 

JV = Lp ∆P  …………………..(15) 
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TABLE 1 
Observed Rejection from experiment and modeling at 

different concentrations and different Ph 
 

Ph 

Feed 
Concentration 
(ppm) 

20 ppm 40 ppm 60 ppm 

Pressure ROE ROM ROE ROM ROE ROM 

Ph 4 

5 0.9057 0.90790.8929 0.8951 0.8775 0.8811 

6 0.9125 0.91460.9007 0.9008 0.8860 0.8877 

7 0.9208 0.91990.9104 0.9076 0.8923 0.8937 

8 0.9329 0.92880.9228 0.9139 0.9100 0.9042 

Ph 5 

5 0.9175 0.92130.9072 0.9114 0.8893 0.8901 

6 0.9295 0.92640.9145 0.9148 0.8903 0.8921 

7 0.9403 0.93160.9175 0.9179 0.8997 0.8996 

8 0.9436 0.93430.9287 0.9263 0.9029 0.9025 

Ph 6 

5 0.9803 0.98120.9478 0.9468 0.9177 0.9037 

6 0.9808 0.98170.9650 0.9636 0.9243 0.9144 

7 0.9892 0.98580.9660 0.9654 0.9301 0.9288 

8 0.9903 0.98630.9688 0.9691 0.9514 0.9531 

 
It can be seen from (table 1) that the ROE and ROM values were 
almost identical. Figures 7. Show a plot of ROE and ROM  for 
feed concentrations of 20ppm, 40ppm, and 60ppm at Ph 4, 5, 
and 6, with R2 values close to 1. 
 

The membrane performance was predicted using the 
calculated parameters from the CFSK model. The anticipated 
values were quite close to the experimental findings [68]. 
 

TABLE 2 
Parameter estimated using nonlinear techniques for 

manganese salt from CFSK Model 
 

Ph 
Feed Concentration 
(ppm) 

σ 
PM 

(10-7 m/s)
k 

(10-5 ) 

Ph 4 

20 ppm 0.9511 -4.0960 -3.2340 

40 ppm 0.9449 -4.1887 -3.9020 

60 ppm 0.9402 -4.4158 -4.1020 

Ph 5 

20 ppm 0.9512 -4.0447 -3.9000 

40 ppm 0.9480 -4.4893 -4.2100 

60 ppm 0.9345 -5.2020 -4.3100 

Ph 6 

20 ppm 0.9901 -6.8800 -3.0200 

40 ppm 0.9874 -2.4840 -3.3200 

60 ppm 0.9857 -4.7890 -4.6900 
 
A nonlinear estimating approach may be utilized to evaluate 
the factors, PM, and k (Table 2). We employed the least-
squares approach in our situation, which allowed us to get a 
better fit of the theoretical curve between the retention salts 
and the solvent flow. Y. A. Baussouga et al. obtained similar 
findings for various salts such as NaCl, Na₂SO₄, and MgSO₄ 
[69]. 
 

    
 

 
Figure 7:  Experimental Observed Rejection vs. Modeling Observed Rejection & various Ph 

(a) Ph = 4 (b) Ph = 5 (c) Ph = 6 
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TABLE 3 
1/Jv Vs Cp at different pressure, different feed concentrations, 

and different Ph 
 

Ph  

Concentration 
(ppm) 

20 ppm 40 ppm 60 ppm 

Pressure     
(kg/cm2) 

1/JV  (10
(s.m2/m3

Cp               
(ppm) 

1/JV (10
(s.m2/m

Cp               
(ppm)

1/JV  (105) 
(s.m2/m3) 

Cp               
(ppm) 

Ph 4 

5 1.0636 1.8860 1.2001 4.28401.3501 7.3500 

6 0.9001 1.7500 1.0636 3.97201.2001 6.8400 

7 0.7716 1.5840 0.9001 3.58401.0636 6.4620 

8 0.5540 1.3420 0.7502 3.08800.8251 5.4000 

Ph 5 

5 1.3501 0.7502 0.8251 3.71200.8621 6.6420 

6 0.9747 0.7242 0.7502 3.42000.8251 6.5820 

7 0.6752 0.4943 0.6807 3.30000.6831 6.0180 

8 0.5999 0.4270 0.4933 2.85200.6242 5.8260 

Ph 6 

5 1.3501 0.3930 1.6499 2.08801.7250 4.9380 

6 0.9747 0.3830 0.9747 1.40001.4999 4.5420 

7 0.6752 0.2150 0.9001 1.36001.2001 4.1940 

8 0.5999 0.1940 0.7502 1.24800.6925 2.9160 

 
Figures 8. Show the experimental results shown according to 
the equation. The salt content in permeate is represented by 
Cconv, and the diffusive flow is represented by Jdiff, which is 
determined from the intercept and slope, respectively, for 
different concentrations at different pressures (Table 3). These 
results were equivalent to those reported by Y. A. Boussouga 
et al for the removal of various salts (NaCl, Na₂SO₄, MgSO₄) 
using Nanofiltration [69]. 

TABLE 4 
Values of transfer parameters Jdiff and Cconv for manganese salt 
 

Ph 
Concentration    
(ppm) 

Cconv   (ppm) 
Jdiff (10-5) 
(m3/s.m2) 

Ph 4 

20 ppm 0.7478 1.1 

40 ppm 1.1590 2.6 

60 ppm 2.4198 1.0 

Ph 5 

20 ppm 0.2053 0.4 

40 ppm 1.6061 1.0 

60 ppm 3.5866 3.6 

Ph 6 

20 ppm 0.0408 0.3 

40 ppm 0.5035 1.0 

60 ppm 1.6691 1.9 
 

The equation was used to calculate the hydraulic permeability 
of pure water Lp (pure water =1s.cm-1) (4). Figure 6. 
Demonstrate the values of permeate flow Jv derived from 
various concentrations and Ph levels, as well as their 
fluctuations in terms of pressure P. By adjusting the trans-
membrane pressure, we were able to achieve a linear 
development of the flow, demonstrating that Darcy’s law is 
true.  
 
 
 

 

      
 

 
 

Figure 8: Cp Vs 1/JV for different pressure & various Ph (a) Ph = 4 (b) Ph = 5 (c) Ph = 6 
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The slope of the curve indicates the critical pressure (Pc = ), 
and the x-intercept shows the hydraulic permeability with the 
electrolyte solution Lp’. Which of the following is the 
minimum pressure necessary for a permeate flow (Table 5). 
These results were equivalent to those reported by Y. A. 
Boussouga et al for the removal of various salts (NaCl, 
Na₂SO₄, MgSO₄) using nanofiltration [69]. 
 

TABLE 5 
The value of hydraulic permeability of manganese salt at 
different concentrations, different pressure & different Ph 

 

Ph 
Concentration

(ppm) 
Lp  (10-6)      

(L.cm2/ s.m2.kg)
Pc (10-6) 
(kg/cm2) 

Ph 4 

20 ppm 2.7790 5.1856 

40 ppm 1.6700 0.3099 

60 ppm 1.5210 0.5697 

Ph 5 

20 ppm 3.4480 4.1620 

40 ppm 2.5810 1.6740 

60 ppm 1.5830 3.3180 

Ph 6 

20 ppm 3.4760 10.9090 

40 ppm 2.2660 4.5370 

60 ppm 2.6700 8.6175 

IV.  CONCLUSIONS 

The influence of several operating factors such as applied 
pressure, feed concentration, and Ph on the separation of 
manganese ions from the effluent by the TFC NF-30 nano-
filtration membrane was investigated in this study. Manganese 
ions were successfully removed using the Perma pilot size 
membrane system, and metal analysis was performed using 
normal procedures using an atomic absorption 
spectrophotometer (model SL-173). With increasing pressure 
(5 kg/cm2, 6 kg/cm2, 7 kg/cm2, & 8 kg/cm2), the rejection 
coefficient for manganese ions increases. The rejection 
coefficient reduces as the manganese ion concentration in the 
feed (20 ppm, 40 ppm, and 60 ppm) increases at a constant 
flow rate. The influence of Ph (4, 5, and 6) was investigated, 
and it was discovered that the separation of manganese ions 
enhances as the Ph rises. For an initial feed concentration of 
20 ppm, the maximum metal rejection was determined to be 
99.03 %. In this work, the CFSK model was used to predict 
experimental rejection (ROE) or real rejection and modeling 
rejection (ROM) or observed rejection for manganese ions. The 
experimental and modeling rejection for manganese in the 
CFSK model is nearly equal to ±0.03. As a result, the CFSK 
model’s projected values are more accurate. 
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NOMENCLATURE 
 
a1 - σ/ (1-σ) 
a2 - (1-σ)/PM 
CAi - Concentration of A at any position i (ppm) 
Cconv - solute concentration due to convection (mol/L) 
CF - Concentration of feed (ppm) 
Cp - Permeate Concentrate 
Js - Solute volume flux (m3/s.m2) 
Jv - permeate volume flux (m3/s.m2) 

  mass transfer coefficient (m/s) 
Lp - hydraulic permeability coefficient (L.cm2/s.m2.kg) 
 Mw - molecular weight 
PM - overall permeability coefficient (m/s) 
r - reflection coefficient 
Ro - observed rejection (%) 
 
Greek letters 
 
∆π - osmotic pressure difference across the membrane (atm) 
 σ - reflection coefficient 
 
Subscript 
 
A            - Solute 
1              Feed solution 
2       Permeate solution 
conv - convection 
diff - diffusive 
f  - feed 
M - membrane 
p - permeate 
s - solute 
sd - observed 

0- feed solution 
1- permeate solution 

 
Superscript 
 
f feed 
p permeate 

   2- constant 
3- constant 
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