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Membrane processes, Water hardness refers to the total concentration of calcium (Ca2+) and magnesium (Mg2+),
Cellulose acetate, which is expressed in terms of the equivalent of calcium carbonate. Excessive amounts of
Graphene oxide, Ca2+ and Mg2+ in water lead to serious consequences for home and industrial use. In this
FeOOH. research, cellulose acetate (CA) was used to prepare polymer membranes used to remove

calcium and magnesium ions. Graphene oxide (GO) and FeOOH nanoparticles were also
added to the polymer solution to improve membrane performance to remove total water
hardness. FTIR, SEM and XRD were also used for characterization of prepared
nanostructures. The advantages of this research include the use of biocompatible polymer
as well as proper membrane performance at low pressures (about 3 times) which saves
energy compared to high pressure membrane processes such as reverse osmosis. The
results showed that the addition of FeOOH nanoparticles and graphene oxide nano plates
improved the performance of the prepared membranes.

Extended Abstract

1. Introduction

water and heavy metals is adjusted and removed. Water hardness refers to the concentration of its metal ions.

Since the amount of calcium (Ca +2) and magnesium (Mg +2) ions in natural waters is usually much higher
than other metal ions, water hardness refers to the concentration of total calcium and magnesium, which is expressed as the
equivalent of calcium carbonate [1].

W ater purification is a process in which the amount of solutes in water and pollutants such as ions dissolved in

Graphene oxide is a two-dimensional material made of a single layer with a hexagonal and crystalline structure, on the
plates of which there are oxygen groups. Due to the presence of oxygen group and disruption of the main structure of graphene,
this material does not have good main properties of graphene such as conductivity (electrical-thermal) and due to the presence
of oxygen groups have the ability to interact better with materials and can be used in various other applications. Usually the
groups attached to graphene oxide are the hydroxyl and epoxide groups. These groups allow graphene oxide to bond these
plates to many materials, especially polymers, by covalent bonds, and these groups also allow graphene oxide to disperse well
in aqueous solutions. Graphene oxide is more biocompatible than graphene and can be used in medical applications. However,
graphene oxide can be regenerated and its properties restored to some extent [3].

Lipodocyte is one of the most important mineral species of iron hydroxide. The color of this mineral compound is yellowish
brown. The smaller the crystals of this compound, the darker the color of the compound. Lipodocyte has a crystalline structure.
It is also available in iron ore. This type of iron oxide is used inside steel water pipes and tanks as an indicator of rust.
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2. Results and Discussion

Using Fourier infrared spectroscopy, nanoparticles are identified and functional and structural groups are examined Figure
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Figure 1 Graphene oxide FTIR spectrum

The diffraction pattern for GO are shown in Figure (2). The XRD pattern of the synthesized FeeOH nanoparticles is shown

in Figure (3). Due to the peaks with high and sharp peaks, it can be concluded that the synthesized FeOOH nanoparticles have
a suitable degree of crystallinity.
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Figure 2 X-ray diffraction of graphene oxide plates
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Figure 3 X-ray diffraction of FeeOH nanoparticles
Figure (4) shows a SEM image of GO nanostructure, which graphene oxide sheets appear in the form of like crumpled

paper. This fold is the result of the oxidation process. Also, a SEM image with different magnification is shown in Figure (5),
where the bright spots indicate the presence of FeOOH nanoparticles, which are in a spherical shape in the image.
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Figure 4 Scanning microscope image of graphene oxide plates Figure 5 FeooH nanoparticle scanning microscope images
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To evaluate the efficiency of the membrane in removing hardness from municipal water, the membrane rejection was
evaluated:

Rejection % = (1- Cp/Cp) x 100
Cb = Feed water hardness (1)
Cp = Permeate water hardness

For this purpose, after placing the membrane in the filtration cell, the required pressure was supplied by a nitrogen gas
cylinder and municipal water was used as input to the filtration system. As shown in the Figure (6), the amount of rejection
decreases with increasing time, which is due to the gradual saturation of ion adsorption sites in the membrane structure. Also,
the results related to the water flux through the membrane (Figure 7) show that the prepared membrane has a suitable pure
water flux and the gradual decrease of the flux is due to partial fouling of the membrane during filtration. As the prepared
membrane has permeation at about 3 bar pressure, this is one of the advantages of this research work, because in reverse

osmosis membranes, which are used to water softening, the pressure required for filtration is very high. It causes high energy
costs.
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Figure 6 Rejection of primary cellulose acetate membrane over
time

Addition of 2 wt% graphene oxide nanoparticles and 4 wt% FeOOH nanoparticles, due to the high surface-to-volume ratio

of graphene oxide, which can increase the surface area in the membrane structure to absorb calcium and magnesium ions, as

well as the presence of OH groups on the surface of FeOOH nanoparticles, increase the membrane rejection (Figures 8 and 9).

Figure 7 The amount of membrane flux over time
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Figure 8 Rejection of membrane containing graphene oxide

Figure 9 Comparison the performance of primary cellulose
and FeOOH nanoparticles with time

acetate membrane with nanocomposite membranes

3. Conclusions

In this research, FeOOH and graphene oxide nanoparticles were used as fillers in the membrane structure. In addition,
ultrasound was used in the preparation of the nanocomposite solution to achieve better homogeneity in the membrane matrix.
The prepared membranes were used to remove Mg (I1) and Ca (I1). Also, the nanostructures were characterized by diffraction
pattern (XRD), (SEM) and (FTIR). The results showed that the prepared membranes were able to reduce the water hardness
significantly. Nanocomposite membranes performed much better than primary cellulose acetate membranes. One of the
advantages of this research is the use of biocompatible polymer (cellulose acetate) and also the proper performance of the

membrane at low pressures (about 3 bar), which saves energy compared to high pressure membrane processes such as reverse
0SMOSis.
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