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Abstract:The present work aimed to study the efficiency of nanofiltration (NF) and reverse osmosis (RO) process for treatment of
heavy metals wastewater contains zinc. In this research, the salt of heavy metals were zinc chloride (ZnCl 2) used as feed
solution.Nanofiltration and reverse osmosis membranes are made from polyamide as spiral wound module. The parameters studied
were: operating time (0 – 70 min), feed concentrations for zinc ions (10 – 300 mg/l), operating pressure (1 – 4 bar).The theoretical
results showed, flux of water through membrane decline from 19 to 10.85 LMH with time. Flux decrease from 25.84 to 10.88 LMH with
the increment of feed concentration. The raise of pressure, the flux increase for NF and RO membranes.The maximum recovery was
99% and 57% for NF and RO respectively.In general, polyamide nanofiltration and reverse osmosis membranes give a high efficiency
for removal of zinc. The separation efficiency of heavy metals in reverse osmosis membrane higher than nanofiltration membrane.
While the water flux in NF process higher than RO process. The water flux theoretically calculated is a function of pressure, feed
temperature, feed concentration, feed flow rate and time.
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1. Introduction
Water is a limited resource and vital for the sustainability of
life on earth and is necessary to achieve environmental,
social and economic development, which has become a rare
commodity. Water scarcityoccur because of water pollution,
inefficient water use, lifestyle change, climate change and
population growth; with extreme events such as floods and
droughts. The industrial applications development and
increment of world population, environmental pollution
problem became important. Communities produce both solid
and liquid wastes. The water supply from the societyafter it
has been utilized in various applications is essentially the
liquid waste (wastewater).Precious resource conservation
and the sustainable development of water will require
maximal recycling and reuse [1-3].
The mine waters and their removal and water supplies,
presence of polluting and toxic heavy metals in wastewaters
from industrial effluents have received much attention in
recent years. Industrial wastewaters often contained a
considerable amount of heavy metals that is endanger the
environment and public health if they discharged without
efficient treatment [4].
Heavy metals are elements having atomic weights between
63.5 and 200.6, and a specific gravity greater than 5.0 [5].
Wastewater containing heavy metals originated mainly from
metal plating facilities, fertilizer industries, thermoplastics,
pigment manufacture, stabilizers, paper industries and
pesticides galvanizing plants, batteries, mining operations,
tanneries, etc. [6].
Heavy metals are major sources of environmental
contamination. Some of heavy metals can form toxic
materials even in low concentration. The traditional methods
for removal of organic materials are chemical and biological
treatment of the toxic compounds degrades them to CO 2 and

salts. The metals are permanent and the only way to remove
the metals is to change their physical and chemical states by
precipitation and reduction /oxidation. There are a number of
researches that studied physical and chemical treatments
toreduce the concentration of heavy metals in their waste
water to within safe levels [7, 8].
Some of the heavy metals toxicity results are: (i) slowly
progressing
neurological,
muscular,
and
physical
degenerative processes that mimic cancer if the exposure to
heavy metals for a long term and (ii) lower energy levels,
damaged or decreased central nervous functions, kidneys,
liver, damaging of blood components, lungs and other vital
organs if the exposure to heavy metals for a short term [9].
Zinc is one of the heaviest metals, which is widely used in a
wallpaper, batteries, production of rubber it plays an
important role as a catalyst during manufacture, protective
coating on to ferrous material, electrolytic deposition from
an acidic plating bath,plastics, cosmetics, printing inks and
photocopier paper. The electroplating industry is an
important source of zinc metal,because it is the major
consumer of zinc and its materials [6, 10].Zinc is a trace
element that is important for human health. It is essential
element of the physiological functions for living matter and
organizes many biochemical processes. The large amount of
zinc can cause health problems, such as anemia, vomiting,
skin irritations, nausea and stomach cramps [11, 12]. The
methods used to remove zinc from heavy metals
contaminated wastewater are:electrodialysis with removal
efficiency from 97.6 to 98.7% [13], adsorption with removal
efficiency ranging from 90 to 95% [14], nanofiltration
membrane with removal efficiency of 90% [15], low
pressure reverse osmosis membrane with removal of 99%
[16].The maximum contaminant level (standards) of zinc
metal in water is <10 mg/l [17].
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The heavy metals existing in contaminated raw water can
cause problems in the plants of water treatment. They can
reduce the efficiency of the treatment plantsand inhibit the
biological treatment processes [18]. Thus, various
technologies have been applied for the removal of heavy
metals from water and wastewater, such as chemical
precipitation,
adsorption,
coagulation-flocculation,
floatation, ion exchange, electrochemical processes, and
membrane filtration have been developed in the recent years
for decreasing the amount of wastewater produced and to
improve the quality of treated water[19].Coagulation–
flocculation and chemical precipitation have been widely
utilized to treat wastewater of electroplating industry, their
disadvantages like sludge production, impossibility of
directly reusing heavy metals and consumption of an
excessive chemicals are obvious but membrane technology
has been increasingly used in the treatment of heavy metals
wastewater because of their convenient operation and high
efficiency. The collected heavy metals and the purified water
can be reused directly if the heavy metals contained in
wastewater are removed by using membranes [20].
One of the most efficient systems for wastewater and water
treatment is membrane process. It is an economically
feasible, compact process and has a high retention level of
pollutants. Membrane process has been given an especially
importance in water treatment systems due to its ability to
remove chemical and physical issues in a highest purification
degree [21]. The membrane systems used for heavy metals
removal from wastewater are liquidmembranes and pressure
driven membrane systems such as reverse osmosis (RO),
nanofiltration (NF), and membrane hybrid processes [22].
Nanofiltration (NF) is a cross flow, pressure driven
membrane that is distinguished by a molecular weight cut off
of 200 –1000 Dalton. NF is primarily utilized for the
removal of low molecular weight multivalent salts and
organics from water. The membrane separation system
which uses thin porous membranes with pore sizes ranging
from 0.5 to 2 μm is nanofiltration. NF systems operate at
pressures ranging from 0.3 to 1.4 MPa. NF thus represents a
process that functions between UF and RO, and is often
defined ‘loose reverse osmosis’. NF membranes are also
called water softening membranes. Nanofiltration
membranes are often negatively charged, so the anion
repulsion that determines salt retentionprimarily [23]. Due to
its low energy consumption, nanofiltration membranes are
the economical desalination system for brackish water
desalination. nanofiltration offers a great advantage of lower
operating costs than reverse osmosis and electrodialysis [24].
Membranes with higher water permeability but with a lower
rejections of dissolved components, would be a great
improvement for separation process. Nanofiltration in
compare with the ultrafiltration and reverse osmosis
membranes, has been always a difficult system to describe.
The properties of nanofiltration membrane is primarily the
combination of high retentions for multivalent ions that reach
to 99% e.g., calcium, magnesium, chromium, zinc, nickel,
copper, sulfate, iron, arsenic, etc., with low to moderate
retentions for monovalent ions ranging from 0 to 70% e.g.,
sodium, potassium, chloride, and the high rejection which
reach to 90% for organic materials that having a molecular

weight ranging from 150-300 which is greater than the
molecular weight of the membrane. Nanofiltration
membranes are still a gray zone in terms of transport
mechanisms and physicochemical interactions, a transition
membrane with properties of both ultrafiltration and reverse
osmosis, but with its own specific properties. As a result,
industrialists and scientists feel reliance about what can be
expected from a nanofiltration membranes, and many
applications proved to be successful [25].
Because of the more open polymer structure of nanofiltration
membranes the pure solvent flux is much higher than that of
reverse osmosis membranes. Despite the differences in
solvent flux the transport mechanism for both processes is
considered the same and is generally thought to be primarily
solution diffusion. Nanofiltration is also used for the
production of potable water from brackish waters [26].
Reverse osmosis (RO) was the first membrane system to be
widely commercialized. Reverse osmosis membranes are
utilized to separate low molecular weight compounds and
salts from water because they are highly permeable to water
and highly impermeable to organic molecules, colloids, salts
and microorganisms [27].
Initially, RO was applied for the desalination of brackish
water and seawater. Increased demands on the industry to
reclaim useful materials from waste streams, decrease energy
consumption, conserve water and control pollution have
made new applications economically attractive. Reverse
osmosis membranes offer the possibility of higher retention
of salts at decreased applied pressures, and decreased costs.
Reverse osmosis is the best level of filtration available. The
reverse osmosis membrane acts as a partition to all dissolved
inorganic molecules, organic molecules and salts with a
molecular weight larger than 100. Water molecules pass
freely through the membrane giving a pure stream
(permeate). Dissolved salts rejection is typically ranging
from 95% to greater than 99%. The applications of reverse
osmosis membranes are varied and numerous; including
heavy metal wastewater treatment such as in electroplating
industry, biomedical separations, wastewater recovery,
purification of home drinking water, desalination of seawater
or brackish water for drinking purposes, industrial process
water and food and beverage processing. Reverse osmosis is
often used in the medical and laboratory applications, power
industry (boiler feed water) and production of pure water for
utilize in the semiconductor industry. Operating pressures for
reverse osmosis membranes typically ranging from 75 psig
for brackish water to greater than 1,200 psig for sea water.
Low pressure reverse osmosis membranes decrease the
operating costs of reverse osmosis, by lowering the required
applied pressure of the process to less than 100 psi [18, 28].
In this research, the effect of time, feed concentration and
pressureon flux, recovery and feed concentration have been
studied for polyamide spiral wound NF and RO membranes
to remove zinc from wastewater.

2. Mathematical Modeling
The model is based on the solution diffusion model is the
widely used.In the spiral wound element water passes
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through the membrane element; portion of this water passes
in the product stream, resulting in continuous change
conditions over the length of the membrane element [29].
The transport of solute and solvent are independent of each
other in the solution diffusion model. The flux of solvent,
which is generally water through the membrane is linearly
proportional to the pressure difference and osmotic pressure
difference across the membrane [30-32]:
𝐽𝑤 = 𝑘𝑤 ∆𝑃 − ∆𝜋

layer. By the integral of Equation 6 across the boundary
layer thickness with the boundary conditions: C(0) = 𝐶M and
C(𝛿𝐵 ) = 𝐶𝐹𝐶 , where 𝐶𝐹𝐶 is the feed concentrate channel
concentration and 𝐶𝑀 is the membrane surface concentration.
𝐷𝐿

𝜋 = φ 𝑖 𝑅𝑔 𝑇 C

(2)

Where φis the osmotic coefficient, i is the number of
dissociated ions per molecule (Van’t Hoff factor), T is the
temperature (K), Rg is the universal gas constant
(l.bar/mole.K) and C is the solute concentration (mg/l).The
solute flux through the membrane is proportional to the
solute concentration difference across the membrane [30]:
𝐽𝑠 = 𝑘𝑠 ∆𝐶

(3)

ln

𝐶𝑃 =

(4)

𝐽𝑊

Where 𝐶𝑃 is the concentration in permeate (mg/l).
By measuring the concentrations of solute in the feed
solution (𝐶𝐹 ) and also in the permeate solution (𝐶𝑃 ), the
rejection is calculated as follows [22]:
𝑅%= 1−

𝐶𝑃
𝐶𝐹

∗ 100%

𝐶𝑀 −𝐶𝑃

=

𝐶𝐹𝐶 −𝐶𝑃

𝐶𝑀 −𝐶𝑃
𝐶𝐹𝐶 −𝐶𝑃

𝛿𝐵
0

𝑑𝑧

(7)

=𝑒

𝐽𝑤 𝛿 𝐵

𝐽 𝑤 𝛿𝐵
𝐷𝐿

(8)

𝐷𝐿

= 𝑒 𝐽 𝑤 /𝑘 𝐶𝑝

(9)

The solute convective flow to the surface of membrane is
much greater than the diffusion of the solute back to the bulk
feed solution as the water passes through the membrane, as a
result; the solute concentration at the membrane wall
increases [34]. Concentration polarization is defined as the
ratio of the solute concentrations of membrane and feed
concentrate stream as [29]:
𝛽=

𝐶𝑀

(10)

𝐶𝐹𝐶

Where 𝛽 is the concentration polarization factor.
Combining Equation 10 with Equations 5 and 9 gives the
following expression:

Where 𝐽𝑠 is the solute mass flux (mg/m2.h), 𝑘𝑠 is the
permeability coefficient of salt (m/h) and ∆𝐶 is the
concentration gradient across membrane (ppm).And:
𝐽𝑆

= −𝐽𝑤

Integrate Equation 7 as:

(1)

Where 𝐽𝑤 is the flux of water (l/m2.h), 𝑘𝑤 is the permeability
coefficient of pure water (l/m2.h.bar), ∆𝑃is theapplied
pressure (bar) and ∆𝜋 is the osmotic pressure of the solution
(bar).Solution osmotic pressure is related to its dissolved
solute concentration and is predicted from Van't Hoff
equation as [33]:

𝐶𝐹𝐶 𝑑𝐶
𝐶𝑀 𝐶−𝐶𝑃

𝛽 = 1 − 𝑅 + 𝑅 (𝑒 𝐽 𝑤

𝑘 𝐶𝑝

)

(11)

In the spacer filled feed channel of a spiral wound membrane
element,Schock and Miquel, 1987[35] found that the mass
transfercoefficient of concentration polarization could be
calculated from equations below, when the calculationsfor
the velocity in the channel and the hydraulic diameter took
the presenceof the spacer into account:
𝑘𝐶𝑝 = 0.023

𝐷𝐿
𝑑𝐻

𝑅𝑒 =

(5)

(𝑅𝑒)0.875 (𝑆𝑐)0.25
𝜌 𝑣 𝑑𝐻

𝑆𝑐 =

Where 𝑅% is the rejection percentage of solute and 𝐶𝐹 is the
concentration in feed solution.

(12)
(13)

𝜇
𝜇

(14)

𝜌 𝐷𝐿

(6)

Where 𝑘𝐶𝑝 = 𝐷𝐿 /𝛿𝐵 is the mass transfer coefficient of
concentration polarization (m/h), 𝑑𝐻 is the hydraulic
diameter (m), Re is the Reynold number, Sc is the Schmidt
number, 𝑣 is the velocity in the feed stream (m/h), 𝜌 is the
density of feed water (kg/m3) and μ is the dynamic viscosity
of feed water (kg/m.s).

Where M is the solute mass (mg), t is the time (s), 𝐷𝐿 is the
solute diffusion coefficient in water (m2/s), z is the distance
perpendicular to the surface of membrane (m) and a is the
surface area of membrane (m2).

The water and solute fluxes are expressed by Equations 1
and 3, but the difference in concentration, difference in
osmotic pressure and difference in applied pressure rely on
the position in the pressure vessel [29]:

At steady state, the flux of solute to the membrane surface can
be balanced by solute fluxes flowing away from the
membrane and through the membrane as following [29]:
𝑑𝑀
𝑑𝑡

= 0 = 𝐽𝑤 𝐶𝑎 − 𝐷𝐿

𝑑𝐶
𝑑𝑧

𝑎 − 𝐽𝑤 𝐶𝑃 𝑎

Equation 6 can be not only applied at the surface of
membrane but also at any plane in the boundary layer
because the net flux of solute must be constant everywhere in
the boundary layer to prevent the solute accumulation in that

𝐽𝑤 ,𝑧 = 𝑘𝑤 ∆𝑃𝑧 − ∆𝜋𝑧 = 𝑘𝑤

𝜋𝑀,𝑧−𝜋𝑃,𝑧

𝑃𝐹𝐶,𝑧 − 𝑃𝑃,𝑧 −
(15)
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𝐽𝑆,𝑧 = 𝑘𝑆 ∆𝐶𝑧 = 𝑘𝑆 𝐶𝑀,𝑧 − 𝐶𝑃,𝑧

(16)

Where𝐶𝑀,𝑧 is the concentration at the surface of membrane,
𝐶𝑀,𝑧 = 𝛽𝑧 𝐶𝐹𝐶,𝑧 and 𝜋𝑀,𝑧 is the osmotic pressure at the
surface of membrane.
The flow of permeate and flow of mass of solute through the
membrane are equal to the flux multiply by the area of
membrane for the differential element. The accumulative
water and solute transfer across the membrane ispredicted by
integrating the flow between the feed end and the position z
in the pressure vessel, as:
𝑄𝑃,𝑧 =

𝑧
𝐽
0 𝑤 ,𝑧

𝑤 𝑑𝑧

(17)

𝑀𝑠,𝑧 =

𝑧
𝐽
0 𝑠,𝑧

𝑤 𝑑𝑧

(18)

Where w is the width of feed concentrate channel (m) and
𝑀𝑠,𝑧 is the solute mass transferred (mg/s). At any point in the
channel the flow rate can be predicted by [29]:
𝑄𝐹𝐶,𝑧 = 𝑄𝐹 − 𝑄𝑃,𝑧

𝐶𝐹𝐶,𝑧 =

𝑄𝐹 𝐶𝐹 −𝑀𝑠,𝑧

(20)

𝑄𝐹𝐶 ,𝑧

The flux of water and solute are influenced by solute
concentration at the membrane surface and concentration
polarization. Both velocity and flux are changing, 𝛽 must be
determined by Equation 11:

(25)

𝐽 𝑤 ,𝑧

Membrane module unit in continuous operation consists of a
tank for feed, a tank for product and the membrane element.
The concentrate is recycled to the tank of feed so the
properties of solution in feed tank changed with time and the
permeate is separately collected in the product tank [36].
Recovery can be expressed as the volume of permeate
divided by the initial volume of feed. This expression
applied in batch concentrating mode. For the overall system,
the expression is [37]:
𝑌% =

𝑉𝑃
𝑉𝐹𝑜

∗ 100%

(26)

Where 𝑌% is the recovery percentage, 𝑉𝑃 is the volume of
permeate (l) and 𝑉𝐹𝑜 is the initial feed volume (l).
Material balance equation applied for the product tank as
[37]:

(19)

The concentration of solute could be calculated as:

𝐽 𝑠,𝑧

𝐶𝑃,𝑧 =

𝑄𝑃 𝐶𝑃 =

𝑑(𝑉 𝑃 𝐶𝑃𝑎𝑣𝑔 )

(27)

𝑑𝑡

𝐶𝑃𝑎𝑣𝑔 is the product average concentration (mg/l).
Expansion of equation 27 yields:
𝑄𝑃 𝐶𝑃 = 𝑉𝑃

𝑑𝐶𝑃𝑎𝑣𝑔
𝑑𝑡

+ 𝐶𝑃𝑎𝑣𝑔

𝑑𝑉 𝑃

(28)

𝑑𝑡

Initial conditions, at t=0, 𝑉𝑃 =0, 𝐶𝑃𝑎𝑣𝑔 =𝐶𝑃 =0. The variation in
the product volume corresponds to the production rate of
membrane as:

𝐽 𝑤 ,𝑧

𝛽𝑧 = 𝑅 𝑒 𝑘 𝐶𝑃 ,𝑧 + 1 − R

The velocity which mass transfer coefficient 𝑘𝐶𝑝 depends on
it can be calculated from the following equation:
ʋ𝑧 =

𝑑𝑉 𝑃

(21)

𝑑𝑡

𝑑𝐶𝑃𝑎𝑣𝑔

=

𝑄𝑃 (𝐶𝑃 −𝐶𝑃𝑎𝑣𝑔 )

(30)

𝑉𝑃

(22)

ℎ𝑤

(29)

Substitution to Equation 28:
𝑑𝑡

𝑄𝐹𝐶 ,𝑧

= 𝑄𝑃

Material balance on the membrane element gives:

Where h is the height of feed concentrate channel (m). The
concentration of solute at the surface of membrane as a
function of position expressed as:
𝐶𝑀,𝑧 = 𝛽𝑧 𝐶𝐹𝐶,𝑧

(23)

The feed channel pressure drops because of the head loss,
head loss changes across the length of the membrane.
Turbulentconditions are maintained, so head loss in the
channel is given by the expression:
ℎ𝐿 = 𝛿𝐻𝐿 ʋ2 𝐿

𝑄𝐹 𝐶𝐹 = 𝑄𝑃 𝐶𝑃 + 𝑄𝐶 𝐶𝐶

(31)

Analogous material balance equation can be obtained around
the feed tank:
𝑄𝐶 𝐶𝐶 − 𝑄𝐹 𝐶𝐹 =

𝑑(𝑉 𝐹𝑡 𝐶𝐹𝑡 )
𝑑𝑡

(32)

Developing this equation gives:
−𝑄𝑃 𝐶𝑃 = 𝑉𝐹𝑡

(24)

𝑑 𝐶𝐹𝑡
𝑑𝑡

+ 𝐶𝐹𝑡

𝑑𝑉 𝐹𝑡

(33)

𝑑𝑡

Where ℎ𝐿 is the feed concentrate channel head loss (bar),
𝛿𝐻𝐿 is the head loss coefficient (bar.s2/m3), ʋis the velocity
ofwater in feed concentrate channel (m/s) and L is the length
of the channel (m).

Where 𝑉𝐹𝑡 is the volume in the tank of feed at a time t, with a
concentration in the tank𝐶𝐹𝑡 . The tank of feed is assumed
well mixed [37] so:
𝑉𝐹𝑡 = 𝑉𝐹
(34)

The concentration of product can be determined from the
ratio of the fluxes of solute and water per Equation 4 as:

And:
𝐶𝐹𝑡 = 𝐶𝐹

(35)
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The variation in the feed tank volume with time corresponds
to the production rate as:
−

𝑑𝑉 𝐹
𝑑𝑡

= 𝑄𝑃 (36)

Integrating equation 4.36 with the initial condition: t=0,
𝑉𝐹 = 𝑉𝐹𝑜
𝑉𝐹 = 𝑉𝐹𝑜 − 𝑄𝑃 𝑡

3.1 Effect of Time for NF and RO Membranes
The permeate flux, recovery and final concentration of feed
for nanofiltrationand reverse osmosis unit are plotted with
time (0-70 min) for zinc chloride. This is shown in Figs (5)
to (7).

(37)

Substituting these expressions in Equation 33:
𝑑𝐶𝐹
𝑑𝑡

=

𝑄𝑃 (𝐶𝐹 −𝐶𝑃 )

(38)

(𝑉𝐹𝑜 −𝑄𝑃 𝑡)

Knowing that the system of interest is closed, the
conservation of mass reveals that the solute mass in feed tank
at initial time is equal to the sum of various streams and
tank:
𝑉𝑃 =

𝑉𝐹𝑜 (𝐶𝐹 −𝐶𝐹𝑜 )

(39)

(𝐶𝐹 −𝐶𝑃𝑎𝑣𝑔 )

Figure 1: Pressure vs. Pure Water Flux for NF Process
(Q =30 l/h, T=26 °C, t=10 min)
F

Substituting 𝑉𝑃 by its expresssion in Equation 30:
𝑑𝐶𝑃𝑎𝑣𝑔
𝑑𝑡

=

𝑄𝑃 𝐶𝑃 −𝐶𝑃𝑎𝑣𝑔
𝑉𝐹𝑜 𝐶𝐹 −𝐶𝐹𝑜

𝐶𝐹 − 𝐶𝑃𝑎𝑣𝑔

(40)

Equation 38 and 40 are the outcome of material balances on
the product tank, feed tank, and membrane element. The
solution of this set of ordinary differential equations requires
the values of 𝐶𝑃 and 𝑄𝑃 . 𝐶𝑃 and 𝑄𝑃 are obtained from the
steady state equations 4 and 17 as initial values for the
ordinary differential equations when the concentration and
product rate of permeate change with position of module.
The equations of the mathematical model can be solved by
using MATLAB PROGRAM.

Figure 2: Pressure vs. Pure Water Flux for RO Process
(Q =30 l/h, T=26 °C, t=10 min)
F

3. Results and Discussion
In this research, the water flux, recovery and feed
concentration calculated theoretically for zinc chloride salt
(ZnCl2). The equations for calculation depends on many
variables such as feed temperature, water viscosity, water
density, zinc chloride concentrations, flow rate, pressure,
zinc chloride diffusion coefficient, permeability coefficient
for pure water, zinc chloride permeability and others
parameters.
As shown in Figs.(1) and (2), the data shows a linear
relationship between pure water flux and driving force (ΔP).
Polyamide membrane permeability for pure water is
determined from the slope of this curve, the value of
was
2
obtained 13.02 l/m .bar.h for NF membrane and 6.74
l/m2.bar.h for RO membrane. Figs.(3) and (4) show a linear
relationship between mass flux of solute and driving force
(ΔC). Membrane permeability for salt is determined from the
slope of this curve, the value of
was obtained 1.28*10-3
m/h for NF membrane and 2.5*10-4 m/h for RO membrane.

Figure 3: Concentration Difference vs. Solute Flux for NF
Process (QF=40 l/h, T=26 °C , t=30 min, P=2 bar)

Figure 4: Concentration Difference vs. Solute Flux for RO
Process (QF=40 l/h, T=26 °C , t=30 min, P=2 bar)
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The flux decline with increase in time. The continuous
decline of the flux was mainly because of the gradual
solution viscosity increment and to heavy metal deposition
on the surface of the membrane; with the increasing in feed
concentration and osmotic pressure gradually, which led to
further membrane scaling and concentration polarization.
Due to the boundary layer on the surface of the membrane
formed by heavy metals the resistance against flux increased.
Furthermore, increasing in osmotic pressure because of
concentration polarization cause a decrease in the driving
forceand the flux inversely proportional to time and the
increasing in time leads to increase the concentration of
heavy metals in feed vessel, this leads to increase in osmotic
pressure and the flux decrease as Equation 1. This behavior
is agreement with [20, 38].The increase in time from 10 to
70 min resulted in the decline of flux from 19.04 to 18.92
LMH for zinc in NF and from 10.97 to 10.85 LMH in RO.
The recovery has been increased with time, this behavior due
to Equation 26 as the accumulation volume of permeate was
increase with time.It can be observed that the concentration
of heavy metals solution in feed vessel increase with increase
in operating time.This behavior due to the recirculation mode
(i.e. concentrate stream recycled to the feed stream). The
increase in time to 70 min resulted in the increase of salt feed
concentration from 712.77 to 76209 mg/l for zinc in NF and
from 679.23 to 1420.61 mg/l in RO.

Figure 7: Feed Concentration as TDS vs. Operating Time
(Q =40 l/h, T=26 °C, P=2 bar, CF Zn+2=300 mg/l, pH=6)
F

3.2 Effect of Feed Concentration for NF and RO
Membranes
Figs.(8)to(10) show the effect of feed concentration on flux,
recovery and the concentration of zinc chloride in feed
respectively. The permeate flux has been decreased with
increasing feed concentration. This behavior due to increase
in osmotic pressure, decrease of the effective pore size of the
membrane due to adsorption of solute on the surface of the
membrane and the effect of concentration polarization. This
behavior is agreement withAl-Rashdiet al., 2013[8].The
increase in feed concentration of ions from 10 to 300 mg/l
resulted in the decline in flux from 25.84 to 18.94 LMH for
zinc in NF and from 13.61 to 10.88 LMH in RO.
The recovery has been decreased with increase of feed
concentration.The increase in feed concentration of ions
from 10 to 300 mg/l resulted in the increase of salt feed
concentration from 44.92 to 1014.89 mg/l for zinc in NF and
from 29.72 to 820 mg/l in RO.

Figure 5: Flux vs. Operating Time (Q =40 l/h, T=26 °C, P=2
F

bar, CF Zn+2=300 mg/l)

Figure 8: Flux vs. Feed Concentration of Zinc Ions (Q =40
l/h, T=26 °C, P=2 bar, t=30 min, pH=6)

F

Figure 6: Recovery Percentage vs. Operating Time (Q =40
l/h, T=26 °C, P=2 bar, CF Zn+2=300 mg/l, pH=6)

F

Figure 9: Recovery Percentage vs. Feed Concentration of
Zinc Ions (Q =40 l/h, T=26 °C, P=2 bar, t=30 min, pH=6)
F
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Figure 10: Feed Concentration as TDS vs. Feed
Concentration of Zinc Ions (Q =40 l/h, T=26 °C, P=2 bar,
F

t=30 min, pH=6)
3.3 Effect of Operating Pressure for NF and RO
Membranes
The permeate flux has been increased with increasing
applied pressure (see Fig.(11)), this behavior due to an
increase of the preferential sorption of water at higher
pressure, and thus the solvent permeability increases at high
pressure compared with the solute permeability. The increase
in applied pressure from 1 to 4 bar resulted in the increase in
flux from9.12 to 34.22 LMH for zinc in NF and from 4.92
to21.94 LMH in RO. This behavior is agreement withLee et
al., 2006[38]. Fig.(12) shows the effect of pressure on
recovery. The recovery has been increased with increasing
applied pressure.Fig. (13) showsthe effect of pressure on
feed concentration.The increase in applied pressure from 1 to
4 bar resulted in the increase of heavy metal concentration in
feed vessel from 756.95 to 2249.43 mg/l for zinc in NF and
from 698.36 to 1212.53 mg/l in RO.

Figure 11: Flux vs. Operating Pressure (Q =40 l/h, T=26 °C,

Figure 13: Feed Concentration as TDS vs. Operating
Pressure (Q =40 l/h, T=26 °C, t=30 min, CF Zn+2=300 mg/l,
F

pH=6)
The flux for nanofiltration is higher than that from reverse
osmosis membranes, this due to the pore size of
nanofiltration membrane which is larger than that of reverse
osmosis membrane as a result the permeability of pure water
for nanofiltration is approximately twice that of RO.The
concentration of heavy metal ions in permeate for
nanofiltration is higher than that from reverse osmosis
membranes. The concentration or rejection has been affected
by size exclusion than other mechanisms, the rejection for
RO system mainly depends on solution diffusion transport.

4. Conclusions
1) The polyamide nanofiltration and reverse osmosis
membranes are a suitable methods for the removal of
heavy metals from wastewater due to giving a pure water
and allowed permeation of zinc.
2) The water flux for NF and RO membranes decreases with
raising in feed concentration and time,increases by
raising the applied pressure.
3) The maximum recovery percentage of water was 99% for
NF and 57% for RO.
4) The flux for nanofiltration is higher than that from
reverse osmosis membranes, The concentration of heavy
metal ions in permeate for nanofiltration is higher than
that from reverse osmosis membranes.
5) The permeability of pure water for nanofiltration
membrane (AXEON NF4-1812) is approximately twice
that of RO membrane (VONTRON-ULP 1812-50).

F

t=30 min, CF Zn+2=300 mg/l, pH=6)
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