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Abstract 
There is great competition to improve the performance of membranes for water treatment within 
the scope of the research, especially the problem of biofouling on the membrane as it is related to 
the performance and life of the membrane. This study introduces a new mixture of hybrid bioreactor 
membranes that combine oxidized multi-walled carbon nanotubes (OMWCNTs) with polyethersulfone 
(PES) using a phase inversion method, along with equal proportions of zinc oxide nanoparticles (ZnO 
NPs) and Arabic gum (AG) from an acacia tree, for application in a submerged membrane bioreactor 
to treat wastewater for a dairy product at the College of Agriculture / Baghdad University. The results 
when comparing the nascent composite membranes (PES / OMWCNTs / ZnO / AG) with that of (PES / 
OMWCNTs) indicated that the membrane mixed with ZnO / AG has more hydrophilicity(16%) As well 
as reducing the negative charge on the surface of the membrane almost three times, As evidenced by the 
water contact angle test and the zeta potential data respectively, furthermore, the atomic force microscopy 
analysis showed that this improved membrane showed lower values of surface roughness (by 46.8%), 
and more flexible normal flux values (by almost doubling), Moreover, the rate of rejection increased 
when the bovine serum albumin (BSA) solution was passed a percentage (13%) when compared with 
PES / MWCNTs membrane. Importantly, the prepared membrane also presented removal efficiency of 
chemical oxygen demand (COD) was significantly 37.5%higher when compared with the commercial 
MBR system.
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INTRODUCTION

The water treatment process is considered one of the most important aspects of providing water 
sources, especially in arid and semi-arid areas (Waisi et al., 2015). Industrial water treatment is 
a process used for a range of applications with simple, complex, efficient, and low-cost systems 
to handle various water purification and separation needs ( https://www.sciencedirect.com/
science/article/abs/pii/S2589014X21000578 - !Alalwan et al., 2021a; Kadhom et al., 2019a). A 
membrane bioreactor (MBR) for water treatment is a purified wastewater treatment process 
that combines biological water treatment and membrane filtration (Dixon et al., 2020; Abaas 
et al., 2012). This innovative technology offers many advantages over the traditional treatments 
of activated sludge, including the increase in the high biomass concentration, the disposal of 
the sedimentation unit in addition to the improved water quality resulting from the treatment.

https://www.sciencedirect.com/science/article/abs/pii/S2589014X21000578#!
https://www.sciencedirect.com/science/article/abs/pii/S2589014X21000578#!


Abdul-Majeed et al.1234

Nano-membrane production technology is one of the most widely used technologies in today’s 
industrial sectors (Nisreen et al., 2022; Kadhom et al., 2016), with broad applications in water 
treatment, food, pharmaceutical, oil, gas and power industries. Although the membranes are 
efficient in treating polluted water, they face some problems.The most critical problem faced by 
membrane technology is the deposition of colloids, particles, large particles, salts, and others on 
the walls of pores, inside the pores, or the surface of the membrane, thus reducing the efficiency 
and life of the membrane. Controlling sediments is an essential step for membranes to be 
competitive compared to other technologies, and this is done by choosing the type of polymeric 
material used in preparing the membranes (Jing et al., 2020). Polyethersulfone (PES), Figure 1 
has the highest values of temperature resistance and tensile modulus in elasticity. PES properties 
are similar to those of polysulfone (PSU), although it exhibits a higher impact strength and 
better chemical resistance. Its stiffness and stability are high, and its notch sensitivity is low 
(Weibin et al., 2020). 

PES membrane had more efficient salt rejection and better antifouling properties. 
(Mansourpanah et al., 2011) prepared polycaprolactone-modified multiwalled carbon 
nanotubes (PCL-MWCNTs) to fabricate PES/PCL-MWCNTs nanocomposite membranes. The 
results indicated that the porosity of nanocomposite membranes was increased, and the fouling 
tendency declined. Carbon nanotubes (CNTs) and other nanomaterials have proven their 
importance and have wide applications in many fields (https://www.sciencedirect.com/science/
article/abs/pii/S2589014X21000578 - !Alalwan et al., 2021b; Malik et al., 2021 and Kadhom et 
al., 2019b).

Carbon nanotubes have attracted much attention because of their unique combination of 
rigidity, strength, and lightweight, with excellent chemical and mechanical properties, so it 
has been used as a filler to develop water treatment membranes (Celik et al., 2011). Carbon 
nanotubes are nanoparticles in the form of nanometer-sized tubes and consist of a huge array of 
hexagonal structures that are made up of carbon atoms. 

Carbon nanotubes (CNTs) have proven useful in many applications including biomedicine, 
energy storage, sensors, and electronic devices. Kalra and his colleagues (Kalra et al., 2003) have 
been able to transport water molecules that are osmotically driven through carbon nanotubes, 
proposing an exciting opportunity to use networks of nanotubes and assemblies to efficiently 
purify water. Afterward, several studies were carried out to incorporate carbon nanotubes with 
polymer materials to prepare an advanced membrane for water treatment. One of these studies 
(Ma et al., 2010) produced a new sort of high permeability nanofibers containing OMWCNTs 
integrated into the polyvinyl alcohol barrier layer (PVA), the improved flux of water is due to the 
emergence of multi-directional water channels through the strong bonding between the exact 
microfiber nanotubes themselves and the connection between the filler and the barrier layer 
matrix.  

Recently, inorganic nanoparticles (NPs) such as zinc oxide nanoparticles (ZnO) and multi-
walled carbon nanotubes (Narang et al., 2018) have been combined to improve the permeability 
due to the unique one-dimensional structure of the carbon nanotubes and their superior 
mechanical and chemical properties, It has been used as fillers for numbers of the flat membrane 

 

Fig 1. Molecular Structure of Polyethersulfone Molecular Formula (C12H8O3S) n 

   

Fig 1. Molecular Structure of Polyethersulfone Molecular Formula (C12H8O3S) n

https://omnexus.specialchem.com/polymer-properties/properties/young-modulus?src=om-selectionguide&utm_source=selection-resources&utm_medium=guide&utm_campaign=PES_profile
https://www.sciencedirect.com/science/article/abs/pii/S2589014X21000578#!
https://www.sciencedirect.com/science/article/abs/pii/S2589014X21000578#!
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and current research is still attempting to achieve homogeneous dispersion of MWCNTs and 
compatibility with polymer matrix through strong interactions.

Also, Arabic gum from the acacia tree is considered a hydrophilic and bio-absorbent material 
to remove toxic mineral pollutants from aqueous environments. It is also used as a binder and 
is environmentally friendly to achieve stability when adding nanoparticles to the matrix of 
membranes when manufacturing (Jiang et al., 2018).

Current research has shown that to successfully obtain a sophisticated CNT / polymer 
nanocomposite, homogeneous dispersion of carbon nanotubes within the polymer matrix has 
to be achieved through strong interfacial interactions (Hossein et al., 2018). As a result, several 
applied studies have been carried out to improve the dispersion of carbon nanotubes and their 
compatibility with the polymer matrix through various chemical or physical modifications. One 
of these methods is an acidic treatment (Reyhan et al. 2018), where the carboxyl and hydroxyl 
groups are concentrated on the edges of the carbon nanotubes and at the fault sites, which makes 
those extra efficient and thus the best dispersion (Ahmad et al. 2019). 

The main purpose of this study is to prepare an MBR membrane for industrial wastewater 
treatment.The phase inversion method was used to prepare flat sheet membranes with the 
addition of multi-functional oxidized carbon nanotubes and zinc oxide nanomaterials with 
reinforcement by adding Arabic gum from the acacia tree, which has the advantage of being a 
hydrophilic and environmentally friendly binder.

MATERIALS AND METHOD

Polyethersulfone granule, 3 mm nominal granule size, zinc acetate (Zn (CH3 COO) 2 × 
2H2O), polyvinylpyrrolidone (PVP; K-30), sodium dodecyl sulfate (SDS), and 1-Methyl-2-
pyrrolidinone (NMP, 99.5%) were purchased from Sigma Aldrich, No purification was carried 
out on the chemicals purchased. Multi-walled carbon nanotubes (MWNTs, >95%, OD 5-15 nm, 
ID 3-5 nm, length ~50μm, and purity of 95%) were manufactured by US Research Nanomaterials 
Inc., USA. White Acacia gum powder (Viscosity; 70-110 Mpsc) was purchased from Mumbai, 
India.Oxalic acid dehydrate [H2C2O4·2H2O], absolute ethanol (99%), and diethylene glycol 
were analytical grade and purchased from Merck.

MWCNTs were functionalized according to previous work (Abdul-Majeed et al., 2022) 
briefly, by adding it to a pre-prepared acid solution consisting of mixed (H2SO4 / HNO3 = 3/1 
in volume), whereas the organic solvents lead to increased dispersion. 1 g of MWCNTs powder 
was added to 100 ml of the acid mixture and refluxed at 80-100 °C for 3.5 hours as shown in 
Figure 2. After the reflux process was complete, the dispersion of the carbon nanotubes in the 
acid mixture was increased using a 70 °C ultrasound for 6 hours. Then they were left overnight 
to dry at room temperature after being washed with DI. In the final step, a 0.2 μm polymer filter 
was used to filter the carbon nanotubes with washing until the pH of the MWCNTs solution was 
7.0 ± 0.2 as shown in Figure 2. The nanotubes were dried again in an oven at 100 °C overnight 
to obtain oxidized carbon nanotubes (OMWCNTs).

The surface structure and morphology of the carbon nanotubes are described by electron 
microscopy (SEM, VEGA3 - TESCAN, Czechoslovakia). The SEM sample was prepared by 
blending ethanol-carbon nanoparticles and dropping them onto the silicon wafer. Allow the 
sample to dry thoroughly at room temperature, and then wrap the paste with a spherical layer of 
goldInfrared spectroscopy (FTIR; IRPrestige-21, SHIMADZU, Japan).

It is essential to prevent the accumulation of OMWCNTs, as they were dispersed using 
ultrasound after mixing a certain amount of them in a glass flask with 25 mL of an aqueous 
surfactant solution SDS which is easy to chemical absorption on the surface of the carbon 
nanotubes because it leads to electrostatic repulsion that prevents the accumulation of carbon 
tubes together. The nanocomposite material OMWCNT/ZnO was prepared by the sol-gel 
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method. Initially, the precursorsolutions were prepared, which were a mixture of oxalic acid 
(Oxa) and zinc acetate (Zia) in ethanol at 0.15:0.1M, respectively and separately. Zinc acetate 
was dissolved with ethanol and heated to 60 °C for 30 minutes and then a certain amount of 
diethylene glycol was added to it which worked as a surfactant. The ethanol oxalic acid solution 
was heated to 50 °C and then this solution was added dropwise and gently to a zinc acetate 
solution at a ratio of (Zia/Oxa) was (40/ 60); a constant amount of OMWCNT was added to Zia / 
Oxa sol. The mixture was mixed with ultrasound for 1 hour for optimal dispersion of MWCNTs. 
The mixture was then heated at 180 °C with continuous stirring at 150 rpm for 3 hours. Finally, 
the solution is allowed to cool in a dark place at room temperature. Then it was washed with 
ethanol and deionized water many times and then dried at 120 °C for 7 hours. Two composite 
flat sheet membranes (CFSM) were prepared. Initially, the OMWCNTs, PES,and PVP were dried 
in an oven for 2h at 50°C.In the first membrane,the casting solution was prepared by dissolving 
PES/PVP in NMP separately (Abu-Dalo, et al., 2022), with a concentration of 17 wt. %PES and 
5 wt. % PVP (was used as a pore maker), then the mixture was placed in a water bath and heated 
to a temperature of 55-60° C, with a stirring rate of 500 rpm using a magnetic stirrer until a 
homogeneous mixture is obtained. In another flask, a certain amount of OMWCNTs is dissolved 
in a certain amount of solvent NMP at room temperature, the solution OMWCNTs/NMP mix 
well using ultrasonic then added to a solution of PES/PVP with a constant stirring of the mixture 
at 60 °C for a period of not less than 7 hours. A dope solution containing PES / PVP has been 
modified with the addition of OMWCNTs at a concentration of 2.5 wt% relatives to PES this 
percentage was the best through tests that we conducted in previous work (Abdul-Majeed et al., 
2022).The second composite membrane was prepared by repeating the same steps as preparing 
the first membrane. However, the nanocomposite includes dissolving ZnO / OMWCNTs in 
NMP at room temperature for 20 hours, dissolving AG in NMP at a ratio of (1/12) at 60 °C for 
20 hours with continuous stirring, and then dispersing by ultrasound for 1 hour (Ahmad et al., 
2019). The solutions were then mixed with vigorous stirring for 1 hour at room temperature. 
Then the gases were expelled using ultrasound for 2 hours at room temperature (Ahmad et al., 
2019). The composition of the casting solutions and the content is detailed in Table (1). The 
homogeneous pouring solution was kept stagnant in a dark place for at least 24 hours to allow 
air bubbles to come out to prevent defects in the membrane. Afterward, some of the polymeric 
casting solutionswere cast on a clean glass plate and dispersed using a motorized film applicator 
CX-4 (Germany), in the thickness of 150 μm. As shown in Figure 3, after a 15s evaporation time 
of the casting solution, the glass is submerged in a bath of deionized water at room temperature 
to induce the phase inversion process.The membrane was thoroughly rinsed with deionized 
water to remove residual solvents in the formed membranes.

Finally, the prepared membrane was stored at room temperature in deionized water 

 
Fig 2. Preparation of the oxidized MWCNTs. 

   

Fig 2. Preparation of the oxidized MWCNTs.
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containing formaldehyde at a concentration of 1 wt% to keep the membrane from growing 
bacteria.The nascent membranes were then verified using a scanning electron microscope 
(SEM, VEGA3 - TESCAN, Czechoslovakia),and the wettability of membranes was studied by 
measuring the contact angle using (Theta Lite TL-101 Thailand), this indicates the degree of 
moisture when contacting a solid and liquid.Contact angles (less than 90 degrees) indicate high 
wetness (hydrophilic), while contact angles (>> 90 degrees) indicate low wetness (hydrophobic), 
(Chandrashekhar et al., 2019).

Performances of prepared composite membranes were characterized by measuring the water 
flux of pure water and the rejection of bovine serum albumin protein (BSA). A feed solution of 
BSA with a concentration of 1 g / l was used at pH 7.0 ± 0.2 as a typical organic substance. The 
flux of membranes fabricated was tested at room temperature and pressure of 2 bars with the 
laboratory-scale dead-end filtration (Sterlitech Corporation HP 4750: Figure 4) after compaction 
at 3 bars for 30 min to get a steady flux.The effective area of the dead-end filtration system was 
14.6 cm2. Compressed air was used to provide the necessary pressure driving force to feed flow 
across the membrane. A magnetic stirring gadget is placed over the position of the membrane 
in the filter cell with a clogged end to reduce the effect of polarizing on the flux and stirring the 
flipping continuously. 

The membrane flux (J) was measured bypassing pure wateror BSA through them at 2 bars 
by recording the volume of permeation water & BSA for a 130 minutes filtration period. The 
calculation of the different membrane fluxes was performed as follows:

( )                                                                                                                                        1VJ
At

=
 

(1)

Where J is the flux of pure water (l/m2 h),  V  the permeate volume (l), A  the membrane area 
(m2) and t  is the time (h).

Table 1. The compositions of casting solution used in this study (mass %) 
 

 CFSM-1 CFSM-2 
PES(%) 17 17 
PVP (%) 5 5 
OMWCNTs(%) 0.5 0 
OMWCNTs/ ZnO (%) 0 0.5 
Arabic Gum (AG) 0 0.5 

 
  

Table 1. The compositions of casting solution used in this study (mass %)

 
Fig 3. Phase inversion process for composite membranes fabrication using the motorized film applicator 

CX-4 (Germany) 

   

Fig 3. Phase inversion process for composite membranes fabrication using the motorized film applicator CX-4 
(Germany)
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Membrane porosity ε (%) was defined as the volume of the pores divided by the total volume 
of the porous membrane. It could usually be determined by the gravimetric method, the porosity 
of the membranes was tested according to the method provided earlier by (Yalei et. al., 2014).
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Where:
 wetw the weight of the wet membrane (g).

dryw the weight of the dry membrane (g).
wρ the pure water density (0.998 g/cm3). 

      pρ the polymer density (as the inorganic content in the membrane matrix was 
small and  pρ  was approximate to PVDFρ , namely 1.765 g/cm3).
The aqueous solution BSA was used to characterize the rejection. The UV / Vis 

spectrophotometer (SPEC ORD 200 PLUS/Analytik Jena AG, Germany) was used to 
determine the BSA concentration in feed and permeate samples along the 280 nm wavelength 
(Chandrashekhar et al., 2019) the rejection calculation formula is shown below:

( )1 100%                                                                                                          3p

f

C
R

C
 

= − ×  
   

(3)

Where  p fC and C  are the permeate concentrate and the feed concentrate of BSA, respectively. 
To minimize experimental error, the filtration experiment was repeated three times to obtain 
the average. And standard deviations were reported as error bars.

The performance of the modified membranes was tested in the MBR system from Ecologix 
Technologies Asia, Taiwan. More details on the MBR system can be found elsewhere (Dixon 
et al., 2020). The submerged UF membranes retain all solids, bacteria, and germs bigger than 
approx. 0.04µm separation size and guarantee maximum effluent quality. The membrane 
filtration system, along with all ancillary equipment, is shown in Figure 5.

 

Fig 4. Photograph of the dead-end filtration cell (STERLITECH HP4750) 

   

Fig 4. Photograph of the dead-end filtration cell (STERLITECH HP4750)
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RESULTS AND DISCUSSION

SEM images showed that raw MWCNTs shown in Figure 6-a contained bulk materials that 
may be impurities and metal catalysts. After the acid oxidation process, impurities and metal 
catalysts in OMCWNT, Figure 6-b were largely absent, these images were consistent with 
(Jun et al., 2013). The OMWCNTs were combined in a matrix with ZnO NPs, where the SEM 
micrographs of the OMWCNTs/ZnO/AG show in Figure 6-c the formation of a coarse white 
microstructure that decorates the carbon nanotubes and is highly porous conducive to the 
adequate fixation of Arabic gum with the polymeric structure of the membrane. These results 
are consistent with what both reported (Zinadini et al., 2017) and (Ahmad et al., 2019).

 Scanning electron microscopy images of the surfaces of the composite membranes are shown 
in Figure 7. Both membranes show a homogeneous distribution of the interstitial bond between 
OMWCNTs and their presence within the pores within the polymer matrix. The image gives the 
impression that the membrane is in the form of a sponge-like layer or a layer of skin over a porous 
infrastructure due to the solvent removal process by phase reflection. There are a good number 
of well-distributed pores in the surface layer of the membrane. This is helped by the presence 
of PVP inside the polymer matrix, which provided bonding between the carbon nanotubes 
and the PES matrix as shown in Figure 7, we also note the high and efficient dispersion of the 
carbon nanotubes, the explanation for this is that during sonication, SDS helps to exfoliate and 
disperse the carbon nanotubes, as the SDS particles were absorbed on the surface of the carbon 
nanotubes and their accumulation was prevented by electrostatic repulsion.

 The morphology of the second complex membrane (CFSM-2) is shown in Figure 7, in this 
image it can be seen that the OMWCNT is completely covered as a result of the growth of the 
ZnO nanostructure on the surface of the OMWCNT. It is interesting that important visible 
changes in surface morphology can be seen, including an increase in surface porosity due to 
the addition of ZnO and AG within the membrane structure due to the fact that the hydrophilic 
affinity for these materials enhanced the rate of mass transfer between the solvent and the non-
solvent during the coagulation process, and thus lead to the creation of larger porous channels 
(Alhoshan et al., 2013). Comparedto the surface membrane sample (CFSM-1). The additions 
to both membranes did not cause any perturbation affecting the structural integrity of the 
membrane surface.

Figure 8 and Figure 9 show the FT-IR spectra of composite membranes CFSM-1 & CFSM-2 
respectively, where the peak at 1575.84 cm-1 may be due to the vibration of the carbon structure 
of the CNTs. As shown peaks have appeared around 1313.52 and 3433.92 & 3444.87 cm-1 after 
the acidic oxidation process these are corresponding to C-C-O, C-O, and -OH extending in 
carboxyl groups (-COOH), sequentially (Jiang et al. 2009). The presence of these changes is 

 

 

Fig 5. Our membrane operates within the MBR system of the Dairy factory  

of the College of Agriculture. 

   

Fig 5. Our membrane operates within the MBR system of the Dairy factory of the College of Agriculture.

https://www.sciencedirect.com/science/article/abs/pii/S0376738816317823#!
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Fig 6. SEM imeges: (a) raw MWCNTs (b) oxidized MWCNTsand 

 (c) OMWCNTs/ZnO/ AG   

   

Fig 6. SEM imeges: (a) raw MWCNTs (b) oxidized MWCNTsand (c) OMWCNTs/ZnO/ AG
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supported by the success of the oxidation process of CNTs. The two bands have appeared around 
2360.87 and 2362.80 cm-1 these can be attributed to the C=C double bonds stretch vibration, 
which originated from the surface of carbon nanotubes. While the infrared spectra of ZnO / 
OMWNTs nanocomposites resulting from surface chemistry show us the difference between the 
OMWCNTs and OMWNTs/ZnO nanocomposites. Two other weak peaks can be seen around 
1656.58 cm-1 and 3853.77 cm-1 (Alminshid et al., 2021), which can be assigned to the stretching 
vibrations of OH groups. Compared with the infrared spectra of OMWCNTs, the peak at 2,362.80 
cm-1 is narrower and has an area of 10.968 while the corresponding peak at 2360.87 cm-1 has 

 
 

Fig 7. SEM images of composite flat sheet membranes with and without the nanomaterials.  
   

 
. 

Fig 8. FTIR spectra of CFSM-1 
  

Fig 7. SEM images of composite flat sheet membranes with and without the nanomaterials.

Fig 8. FTIR spectra of CFSM-1



Abdul-Majeed et al.1242

an area of 17,855 and the two bands around 1919.17, 1575.84 cm-1 It is lower in the composite 
membrane CFSM-2 than in the composite membrane CFSM-1. The results concluded that the 
surface of MWCNTs has been nearly coated at the surface active sites by ZnO NP. Evidence for 
this is the peak observed at about 433 cm-1 in Figure 9 dedicated to the presence of ZnO NP. 
In addition, the FT-IR spectra show the presence of Arabic gum through the presence of an 
additional wide wave at 3853.77 cm-1 attributable to the OH functional groups normally present 
in carbohydrates (such as starch, cellulose, or glycogen) whose molecules consist of a number 
of sugar molecules bound together and also attributed to the vibration of N-H in amines. These 
results are consistent with what was previously reported (Eman et al., 2016).  

Figure 10 & Figure 11 show the atomic force microscopy (AFM) images of the two composite 
membranes (CFSM-1 & CFSM-2), where we note the presence of chains with luminous golden 
peaks that represent the tops of the membrane surface. Indeed, the dark areas indicate valleys 
and low areas. These pictures show the apparent difference in the surface roughness, as the 
membrane grafted with (ZnO/AG) has the root mean square (RMS) roughness is much less 
valuable than the membrane not grafted with these materials, as shown in Table (2). These 
results are in line with other research. Significantly higher roughness values   have been reported 
for virgin membranes than for composite or hybrid membranes. This result corresponds to the 
shape of the smooth surface that was seen using a scanning electron microscope, and the reason 

 
 

 
 

Fig 9. FTIR spectra of CFSM-2 
   

Fig 9. FTIR spectra of CFSM-2

Table 2. The root mean square (RMS) of fabricated membranes 
 

Membrane  RMS 
CFSM-1 7.05±1.025 
CFSM-2 4.8±0.804 

 
  

Table 2. The root mean square (RMS) of fabricated membranes
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for the surface to appear smoother was due to changes in the viscosity of the casting solution 
when adding fillings, which were in harmony with the membrane matrix, and did not cause 
a change in the structure of the membrane and did not cause a high electrostatic interaction 
between them. These results are close to what was previously reported by (Zinadini et al., 2017) 
and (Ahmad et al., 2019).

Contact angle decreased from about 56.4° for composite membrane CFSM-1 to 48.6º for 
CFSM-2 as shown in Figure 12, where the percentage improvement in hydrophilicity can be 
calculated and is about 16%.This conclusion has been listed by (Choi et al., 2007) and is associated 
with the fact that through the phase inversion process, the hydrophilic OMWCNTs/ZnO/AG 
was engaged with pores at the membrane surface. The low contact angle indicated that ZnO/

 

 

 

Fig 10. AFM images of composite flat sheet membrane (CFSM‐1) 

   

  

 

Fig 11. AFM images of composite flat sheet membrane (CFSM‐2) 

   

Fig 10. AFM images of composite flat sheet membrane (CFSM-1)

Fig 11. AFM images of composite flat sheet membrane (CFSM-2)

https://www.sciencedirect.com/science/article/abs/pii/S0376738816317823#!


Abdul-Majeed et al.1244

AG combined with the PES/MWCNTs membrane could improve wet ability, thereby reducing 
membrane contamination caused by organic matter proteins. The porosity of the dense PES 
membranes was improved by adding a small number of modified MWCNTs. This result can 
be attributed to the presence of hydrophilic MWCNTs in the polymeric matrix resulting in a 
rapid exchange of solvent and non-solvent in the phase inversion process (Lalia et al., 2013), 
and upon reinforcement with ZnO NP in addition to a percentage of Arabic gam, the result was 
impressive. These results are close to what was previously reported (Ahmad et al., 2019).

Results related to flux and biofouling resistance of the fabricated membranes were as shown 
in Figure 13, where the flux was shown in different stages, where the membrane sample CFSM-2 
showed a superior initial pure waterflux. The flux increased by twice as much as compared to the 
CFSM-1 membrane’s initial flow with pure water. This massive flux improvement was expected 

 

 

Fig 12. Static water contact angle and porosity of the composite membranes 

   

Fig 12. Static water contact angle and porosity of the composite membranes

 
 

 Fig 13. Fouling behavior of prepared membranes with filtration of DW &BSA  
solution (1000 mg/L, pH~7.4) 
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as it stands to reason that more hydrophilic and higher porosity membranes would have higher 
flux. Upon filtering of 1000 ppm of BSA, all membranes indicated a gradual decrease in fluxes 
over time due to the BSA adsorption on the membrane surface and the creation of the cake 
layer during the permeation of the protein solution. However, the CFSM-2 sample with less 
surface roughness showed much higher flux recovery than the CFSM-1 membrane. This is 
explained because the enhanced flux attributed to increased water porosity and surface charge 
improves flux recovery performance. This is what the composite membranes have shown, Direct 
proportionality, i.e. the preference of the membrane after adding ZnO and AG. Additionally, 
when returning to passing pure water through the membrane again, the flux improves for the 
composite membranes, but the preference remains for the CFSM-2 membrane. These results 
appear to be very consistent with his finding (Ahmad et al., 2019).

The rejection data for 1000 ppm of BSA solution for different membranes are shown in Figure 
14. The results showed that the effect of adding zinc oxide nanoparticles and Arabic gum leads 
to improving the rejection of the membrane by grafting the composite polymeric membrane 
of oxidized carbon nanotubes with these materials. This can be explained by the fact that these 
nanoparticles settle in the pores and thus reduce the size of the pores and increase the rate 
of rejection, despite the fact that they increase the overall porosity of the membrane and thus 
improve the rejection of organic materials and pollutants and this is an important requirement 
in the performance of membrane bioreactor (MBR) to treat wastewater from dairy products. 
These results appear to be consistent with his finding (Ahmad et al., 2019).

Revealed zeta data are shown in Figure 15 for the manufactured membranes. It is noted 
that the two membranes (CFSM-1 & CFSM-2) have a negative charge, but the negative charge 

 
Fig 14. BSA rejection of different fabricated membranes. 
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Fig 15. Zeta potential data for fabricated membranes (CFSM-1 and CFSM-2). 
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increases when both nano zinc oxide and Arabic gum are added at neutral pH. The increase 
in the negative surface charge of the composite membrane CFSM-2 compared to the CFSM-
1 membrane samples can be explained by the presence of hydrophilic residues of AG, which 
contain the carboxylic groups as well as the hydrophilic functional groups present on ZnO NP 
and OMWCNTs.

The prepared membranes were tested in a pilot-plant MBR system installed at the dairy factory, 
College of the Agriculture / University of Baghdad. Table (3) shows the characteristics analysis 
of the dairy wastewater before and after treatment with the commercial MBR system and our 
synthesized membrane (i.e. CFSM-2). The results showed that CFSM-2 membranes revealed a 
better or similar performance to the commercial MBR system in treating real dairy wastewater. 
Also, the quality of the treated water was within the limits of the discharged water quality.

CONCLUSION

Incorporation of a compound membrane PES with MWCNTs along with equal proportions of 
zinc oxide nanoparticles and Arabic gum from an acacia tree for application in a submerged MBR 
for dairy water treatment successfully prepared through a phase inversion process. A comparison 
was made with the composite membrane (PES/MWCNTs) without nano-zinc oxide and AG. 
This study demonstrated that flat plate membranes containing OMWCNTs / ZnO / AG could 
be synthesized after oxidation and activation of carbon MWCNTs in mixed concentrated acid. 
The results showed that the effect of adding zinc oxide nanoparticles and Arabic gum leads to 
improving the performance of the membrane by grafting the composite polymeric membrane 
to the carbon nanotubes to be oxidized with these materials. Incorporation of ZnO / AG into 
the membrane matrix grafted with oxidized carbon tubes resulted in the color of the membrane 
from dark gray to uniform white. The enhanced membrane is characterized by a low contact angle 
and high porosity compared to the membrane containing only carbon nanotubes, indicating the 
improvement of the hydrophilic membrane. The results showed that when testing the flow and 
rejection using pure water and BSA solution, the grafted membrane was better than the membrane 
without these substances. In addition, the new membrane was shown to enhance the resistance to 
protein contamination of the films after being tested with a 1000 ppm of BSA solution.
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Table 3. Comparison of the prepared membrane with the commercial MBR system. 
 

Tests Dairy wastewater Commercial 
MBR 

Processed water 
by CFSM-2 

National Determinants of 
Drained Water (449) of 

2012 
BOD5 400-1500 mg/l 10 mg/l 3-5 mg/l 10 mg/l 
COD 750-2000 mg/l 30-55 mg/l 10-40 mg/l 40 mg/l 
NO3-N 200-250 20-50 mg/l 10-30 mg/l 50 mg/l 
PO4-P 6-10 mg/l 5-10 mg/l 1-2 mg/l 12 mg/l 
TOC 100-150 mg/l 10-25 mg/l 5-15 mg/l  
Turbidity 100-200  NTU 1-5 NTU 1 NTU - 
pH 3-5.5 7.2-8 7.2-8 6-8 
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