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polyvinylidene fluoride (PVDF), polysulfone (PS), and polyethersulfone and negative charge of Mn(acacan improve the membrane performance in

(PES). The selection of these polymers depends on the nature of using and thems of permeability and removal percentage as wefiragides a benefit

backbone materials which can lead to provide the cost of #mbmanes from the charge of the metal to improve the membrane surface to resist the

[2,3]. Using polyvinylchloride (PVC) as the main polymer in the fouling and resist any viruses to pass through the membrane.

ultrafiltration membrane preparation improves the mechanical strength, In this work blending between polyvinylchloride and manganese

physical and chemical properties like resistance to acids, bases, solvents, awétylacetonate as one of metal acetylacétoc@mplexes was studied due to

chlorine[4-6]. However, the PVC is cheapéiah PVDF, so it can be used to the advantages of Mn(acaokhich has a high surface area structure that

produce lowcost UF membrangg-9]. leading to improve prepared membranes propeffies.prepared membranes
Fouling of membrane leads to a decline in permeate flux, selectivity andiere characterized by SEMTIR, mechanical propertiesnd contacangle.

reduces the lifetime of membranes during operation. The fouling can bEinally, the performance of the membranes was investigated using prepared

divided into inorganic fouling, colloidal fding, organic fouling, and samples from synthetic humic acid solution and real sewage wastewater to

biofouling [10]. According to the type of fouling, many modifications on test the fouling and virus resistance.

membranes during preparation should be taken into consideration to prevent

clogging [11-13]. However, additives that improve the hydrophilicity of

membrane surface can also improve antifouling properfies17]. J. Cai et 2. Experimental work

al. studied the addition of supramolecules such as polyamidoamine to the

membrane surface through one step interfacial polymerization witt2.1. Materials

piperazine, where the modified membranes exhibigh separation

performance for monovalent and divalent anions because the surface of the Polyvinylchloride (PVC) was purchased from Roth In@lampany It

membrane gains modified pes&ze with surface chard8]. was used as the main polymer, which was blended with +sahdion that
Blending between two polymers or embedding with Ramaterials are ~ was prepared by Manganese acetylacetonate Mngaeac) acetonitrile.

considered versatility and simplicity methfdd-20]. EI-Gendi et al, prepared  Acetonitrile was purchased from Sigma Aldrich-nethyt2- pyrrolidine

membranes by blending between polyvinyl chloride and cellulose acetaf®MP) was used as a solvent and polyethylene glycol (PEG 400) was used as

provide good membrane performance fasalination, where the different a pore former additive, both were purchased from Fluka. Technical grade

concentration of the salty solution was applied in desalination test usingcetylacetone was purchased from Fluka and potassium permanganate

different grades of blend membranes from polyvinyl chloride and celluloséKMnO,) was obtainedrom SigmaAldrich.

acetate, where the results indicated high membranes performance actmording

high rejection percentage over 90% and good permeat§fliix 2.2. Synthesis gfano-particlespreparation Mn(acag)

Inorganiepolymer composite membranes can be prepared using different
nanoparticles like alumina (ADs;) [22], titanium dioxide (TiQ) [23,24] Manganese acetylacetonate Mn(aga@s synthesized by dissolving five
zirconium (ZrQ) [25], silica (SiQ) [26] and multiwalled carbon nanotubes grams of potassium permanganate in 50 mL of deionized water. The mixture
(MWCNTS)[27,28] was stirred continuously, then acetylacetone was added to the solution. The

Manganese complexes compounds were used to attack the virusesixture was left to cool for 10 min for complete precipitation of dgriny
protein layer, so many researches were studied the effectiveness of managesstals of Mn(acag) then the powder was dried in a vacuum oven for 15
complexes compounds in viruses and organics renja9¢80] Forexample, min [40]. Zeta potential analysis of nasparticles was studied under different
Nonstoichiometric perovskitgype LaxMnQ has been used as disinfection pH 2, 3, 5,7, and 8 using system Santa Barbara, Calif, USA.
for influenza (A) virus, which can oxidize the residues of amino acids in the
envelope of proteins in influenza viruses, neuraminidase, and hemagglutinin, 2.2.1. Characterization of Nanopaie by Scan Electron Microscopy
that leads to deawgation for the cover of protein, then neutralize the virus and XRD
[31,32]

Metalorganic complexes have high dispersion degree due to a hydrogen The powder samples SEM was performed using a JEOL 5410 scanning
bond between them and the membrane materials. Also, according tectron microscope at 20 kV. XRD analysis for powder samples was carried
coordination between metal ions and organic mo&sg;ulvhich can perform  out by the XRD spectrum (Brukurd 8 advance, CuK, target with secondary
one, two or threedimensional structure, these materials have high porositymon&c hr o mat or Auv = 40, mA = 40, Ger ma
and high surface aref83,34] Using these materials during membrane determined at room temperature using amaX generator (Shimata XDD1,
preparation lead to improve membrane performance, the hydrophilicityJapan).
strength, stiffnes, water permeability, and antifouling proper{ig3,34].

Manganese acetylacetonates Mn(acaeds used as a novel material in 2.3. Membranes preparation
membrane preparation, mostly it was used as a catalyst in polymerization and
isomerization reaction industries, so this mater@n enhance the Polyvinylchloride (PVC)/ Manganese acetylacetonate Mn(gcac)
polymerization process of polymeric solutions during preparation. Manganeseembranes were prepared using the phase inversion technique. The polymer
acetylacetonates Mn(aca@ye coordination complexes that have a tetragonalPVC was dissolved in a solvent (NMP) with Mn(agaslution. Mn(acag)
structure. according to coordination between metal ions and organisolution was prepared by mixing 1g of Mn(agagith 10 gm acetonitrile and
molecules, whiclcan perform one, twoor threedimensional structure, these mixing for 30 min by mechanical iseer under sonication, the solution of
materials have high porosity and high surface 483 34] Using these  Mn(acac) in acetonitrile is called namsolution (NS). Then a different
materials during membrane preparation lead to improve the membrameercentage of these solutions was studied in the polymeric mixture. The
performance, the hydrophilicity, strength, stiffnesstevgpermeability, and  polymeric mixture was stirred under room temperature 25°C for 24h. The
antifouling propertie$33-36]. percentages of polymeric solutions were depictedable 1 The casting

The novelty of this work is to use leeost polymeric materials such as solution was drawn onto a nevoven fabric.

PVC, where it is used in the many industrial applications to produce different

plastic products, so it is widely used in plastic industries due to its low cost.

Ultrafiltration membraes modules have high prices according to that using

low-cost polymers can reduce the price of UF membranes production. Alsalhable 1

et al, studied the preparation of PVC hollow fiber membranes to be used as Bflymeric Solution Composition for PVC/(Mn(acan)embranes

ultrafiltration membrane to separate polyvinylpyidone from the water,

where the rejection reached 97.5% at using PVC concentration 1B#{% Membrane Composition (Weight Percentage)

Jin et al studied the preparation of blend polyvinylchloride with diphenyl Symbol PVC % PEG% NMP % NS %

ketone in blending solvents N, -@imethylacetamide/N, N UL 6 o ” o

dimethylformamide to produceiltrafiltration membranes were used for

separation of bovine serum albumin (BSA) with a molecular weight of 67 U2 14 2 84 0

kDa, where the separation percentage reached 85% at PVC concentration @f; 15 2 82 1

16 wt% [38]. Krishnamoorthy et al, studied the preparation of blend PVC

with cellulose acetate to fabricate the ultrafiltration membrane for proteir Y4 e g 52 1

removal, where the rejection reached 72 % for pepsin, 65% for trypsin atus 14 3 825 0.5

using blending ratio equal 9 of (CA/PV(39]. Also, the novelty of this work Us 14 3 82.8 0.2

was the development membeanto improve the resistance of fouling and : :
3 81.8 1.2

virus using metal acetylacetonates like Mn(agaghere the geometric shape U7 14
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2.4. Membraneharacterization according to the standard test method (ASTM D924 of the surface
wettability of paper and standard methods (ASTM D5%i6 ) of @rona
2.4.1. Scanning electron microscope treated polymer filmg41]. The volume of droplets on samples was 10pL,

A scanning electron microscope (SEM) was carried out by a J@0 where the photo was taken directly after the addition of every drop. An
scanning electron microscope apparatus on the membrane's surface and crasgrage of three measurements was recorded.
sections. The samples were coated with gold to supply electrical conductivity.
The images were conducted at 30 kV. 2.4.5.Fourier transform infrared (FTIR) spectrophotometer

2.4.2.Mechanical test FTIR analysis at a resolution of 4 ¢mwith 16 scans/min was carried out
on membranes samples (Ul & U4) using apparatus JASCIR BL00. The
Mechanical properties aflembranes samples were performed using alR data were determined in the wavenumber range from 400 to 4000 cm
mechanical testing system H5KS universal testing machine. The sample
dimensions were 10 cm in length and 2.5 cm in width. The tensile strength.5. Membrane performance
and elongation were measured at a rate of 5 cm/ min for all samples. An

average of three samples for all prepared membranes were recorded. A laboratoryscale filtration system is composed of a feeding tank. It was
fixed on a hotplate for mixing, pump, pressure regulator, and-elecd
2.4.3.Porosity measurements membrane cell. This system was used to indicate the efficiency of the

prepared membranes as shown higure 1. The effective area of the
The porosity of membranes was measured using densometer device, tmembrane in the test cell was 13.86%cmifferent Humic acid solutions
sample area is 25 &rand themechanism of the device depends on recordingconcentrations (0.05, 0.1, 0.2, and 1 g/l) were fed at a fixed feed pressure (2
the flow of the air by measuring the time of the flow at a given volume of aibar) to determine the prepared membranes' performance at room temperature.
through the membrane pores. The air pressure was applied using an infidre feed and produced treated water were analyzed by UV analysis. Real
cylinder has a specific diameter, which is float freelyrabe outer cylinder sewage wastewater after secondary treatment from Zenin wastewater
partly filled with oil which acts as an air seal. The air permeability of treatment station in Giza, Egypt was used to indicate the effectiveness of virus
membranes samples and the porosity was calculated using equation (1) aseparation by the membranes, the watemmas were analyzed by

(2) [41]. Polymerase chain reactiamalyzei(PCR) before and after membrane.
5 P ol 2.6. Membrane fouling testing
0 1)

This test was carried out using the same apparatus of the membrane
performance test. The deadd mode system was used becausepibsss the

0 # membrane surface to the worst flow perpendicular on the membrane surface
N~ 2) ; .
o) which can form clogging to the pores and make a cake layer on the surface
which are considered the main reason for the fouling formdi2h Humic
where: acid solution 1 g/L wassed in this test for 5h. It was performed on U1, U2,
P: Air permeability ml/(cras.psi) and U4. Pure water was fed first through membranes for 1h, wieite'd?
t: time in seconds .h) was calculated. After that, a hunaicid solution was fed to membranes for
r: Radius of the device circular ring, wher&s.25 cnd 2h. Jp (L/m .h) was determined. Pure water again was fed to membranes for
C: constant (equals 2 for the circular device rings). 1 h and J; (L/m? h) was determined. The test was performed for 5 h. equation
@: Membrane porosity (3) was used to calculate the flux recovery ratio (FRR) 44].
. U
2.4.4.Contact angle measurements oP l.)—wp nmn ®)

Membranes samples contact angles by sessile drop method were Equation (4) was used to calculate total fouling resistaRje (
measured by a compact video microscope (CVM) that was operated
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Fig.1. Schematic diagram of the filtration setup.
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3. Results anddiscussion

3.1. Nanoparticle characterization Fig. 3. XRD for Mn (acac) powder.

3.1.1. Zeta Potential
Figure 2 indicates the results of zeta potential for Mn(agac) 3.2. Membranesharacterization
nanopatrticles, which were studied using different pH solutions 2, 3, 5, 7, and
8, the results indicate that at pH =7, the zeta potential-84& mV, while
after increasing the pH to 8, the zeta potential ¥882 mV. Also, reducing
pH exhibits negativeeta potential, where it wag8, -12, and-2 at pH 5, 3,
and 2 respectively. That means using Mn(acat)membrane preparation
leads to a negative charge on the membrane surface. Mn(ecafiyuration
has unpaired two electrons, so it provides paraetagbehavior, which can
provide electrostatic interactions between this rpawticle and the other
particles in the medium. However, the negative charge means these nal
particles have never been dissolved in wptBr46]

3.2.1.Scanning electron microscopy

Different percentage of manganese acetylacetonate solution was added to
the polymeric solution, to improve antifouling properties of membranes.
Figure 5 illustrates that the U1, which represents a blank PVC membrane
without any addition of nansolution, ehibits a dense membrane top surface
with a spongy membrane body structure. U2 represents a porous surface and
r{Be crosssection of the membrane exhibits a spongy structure. U2 membrane
was prepared using polyethylene glycol (PEG 2wt%) as a pore former. U3
membrane was prepared using a high percentage of PVC (15wt%) and PEG
2wt% with Mn(acag solution 1wt%. U3 provides a dense membrane
structure with reducing the fingdke structure due to high polymer
concentration and using the nanoparticles solutidrich leads to reduce the
size of the pores. U4 membrane exhibits a wonderful structure, which consists
-5 of three layers top porous surface, wide finlijeg shape with high tortuosity
in the sublayer, and porous bottom layer according to use the nonwoven
support, this structure was due to using pore former PEG 3wt% and nano
-15 solution 1wt% that can effect on the formation of fintilee size and shape
[47]. U5 membrane also represents three layers in the-seotien of the
membrane with a low size fingéke structure due to a decrease in the
-25 percentage of namsolution to 0.5%. U6 membrane cresection exhibits a
spongy structure again due to reduce the percentage ofsoarimn to 0.2

Zeta Potential (mV)

30 wt%. U7 membrane represents a wide and straight filgeistructue, also
-35 the top surface of the membrane is porous but less in pores size compared
.40 with U4 that due to using PEG 3% and Mn(aga@nasolution 1.2wt%.
Using Mn(acag) provides the membrane high surface area and high pore
-45 volume according to its tetragorsitucture, where it forms thremensional
1 2 3 4 5 6 7 8 9 matrix multiconnections with the polymer chairi86,48] Polyethylene
pH glycol is one of the common pore former additives, also it enhances the

hydrophilicity of the surface and improves the diffusive transparpgrties
of the water through the membrane surface. So, the selection of the PEG
Fig. 2. Zeta potential .a function of pH for prepared Mn(acapanoparticles. percentage should be determined according to the preliminary experiments,
also the nonwoven support should be taken in our consideration because it is
porous support, whichelds to an increase the porosity of the membrane, so
high concentration of PEG leads to increase in pores size. Increasing the
3.1.2. XRD & SEM for powder percentage of PEG from 2 wi% to 3 wit% that because the addition of
) _ . o . Mn(acac) reduces the size of the pores of membranes, sontootthe size
Figure 3 explains XRDspectrum which indicates nanoparticles of the pores and pores distribution in membrane surface, the percentage of
amorphous state. The sharp peak with a purity of 100% (d = 8.5609) belongfG was increased to 3 wt% to adjust the pores size and membrane porosity
to Mn(acac). While other peaks appear to correspond to the associatefgg’ 49] Increasing the percentage of Mn(agagine solution leads to
organic impurities. The XRD results agreed with the published litertQte  aggregation of thén (acac) nanoparticles and increasing the viscosity of
Figure 4 indicates SEM of the prepared powder with magnification tne polymeric solution during preparation, which causes rapid Hipuiét
power 80x and 1200x, this material was prepared usingomogenizer phase separation in the coagulation step during membrane formation, and that

without Using SOphiSticated sonication, so the SEM images indicate th@an form weak points on the body of the meaniar, so the h|gh percentage of
formation of the crystalline g g r e graedtce he particle clusters are not nang solution of Mn(acagyvas adjusted to be 1.2wt%.

spherical,but they have an irregular shape. The size distribution of the
nanopatrticles isionruniform due to the simple preparation method without
the need for any calcinatiga0].
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Fig. 4. SEM of Mn(acac) Powder, where (a) at magnification power 80x and (b) at magnification power 1200x.

¥ HFW |m 0O |spot
det | HFW | mag O —— P v ~08 P 0
VILFD|29.8 ym 10 OC n MRA 3 D298 ym | 1000x | 4.0

U2

Fig. 5. SEM Photos for prepared membranes.
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U7

Fig. 5. Continued.

3.2.2.Mechanical properties which can affect mebrane performance and lost some of its propeffigk
However, using polyester nonwoven support enhances the tensile strength of

Figure 6 illustrates the results of the mechanical test depending on théhe membranes samples.
percentage of namsolution of Mn(acag) the results indicate that U4
provides the highest tensile strength of 221.7+0.05 MPa, and elongation of 3.2.3.Porosity measurements and contact angle
20.1240.1%, while U3 has the lowest mechanpraperties: tensile strength
of 114.16+ 0.05 MPa with elongation of 13+0.2%. The enhancement of the Table 2 exhibits average porosity and contact angleasurement. The
tensile strength of membranes is in the following sequenceesults indicate that U2 has the highest porosity of 56.2+0.2% due to using
U4>U5>U6>U2>U1>U7>U3. According tbable 1 U4 which was prepared pore former PEG without nanomaterials solution, while U7 has the lowest
from PVC 14 wt%, PEG 3wt% Wi nanesolution 1wt% has the highest porosity of 48.6+0.2% due to using a high percentage of -saluion
mechanical properties, which indicates the optimum addition of-salution 1.2wt%. Increasing mep-solution of Mn(acag)leads to a reduction in the size
for this polymeric solution is 1 wt%. The increase in the percentage of nan®f the pores, which leads to a decrease in membrane porosity, however, the
solution, in this case, leads to an increase in the voids irm#mabrane  high dispersion degree of Mn(acaagyith H-bonding of polymers ligand
leading to a reduction in tensile strength but improvement in elongation sucsubstitution can lead to improvements in membranes pores distributions. The
as U7. The elongation enhancement of the membranes is in the followirlgank polyvinylchloride is a hydrophobic membrane, where the contact angle
sequence U4>U7>U5>U6>U2>U1>U3. Improvement in elongation may beof U1l was 127.1°+0.5°. The addition of nasalution of Mn(acag)with
due to using acetonitrile in theanasolution preparation, which improves the acetonitrile increases the hydrophilicity according to the resul&abie 2
elasticity of the membranes, that because acetonitrile is used as a ligandvihere the contact angle decreased to 40.1°+0.1° for U7 due to the addition of
many transition metal complexes, which can be considered easil§.2wt% of this solution. Acetonitrile in narswlution forms a strong
displaceable liganf26,50] The reduction in tensile strength aings1.2 wt% interaction between the paher and Mn(acag)that leading to a change in
NS in U7 preparation is related to the aggregation of nanoparticles which cdrydrophobicity, pore size, and free volume due to polymeric network chain
cause stress assemblage points in the membrane body. The aggregatiomeafrrangemerii2,47].
nanoparticles during membrane formation can lead to interstitial defects,
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Fig. 6. Mechanical Properties of prepared UF (PVC/Mn(agaopmbranes
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Table 2
Porosity and contact angle measurements of prepared membranes.

Membranes Porosity % Contact angle [°] Wettability image
U1l
54.3 +0.05 127.1+ 0.5
u2
56.2+ 0.2 100.5+ 0.2
u3 52.3+ 0.5 75.5+ 0.4
u4 50.2+0.1 48.5+ 0.6
us 53.4+ 0.3 56.5+ 0.2
ue 55.4+ 0.5 67.60.5
u7 48.6+ 0.2 40.1+ 0.1
3.2.4.Fourier transform infrared (FTIR) spectrophotometer interaction[52]. The peaks from 1490 chto 1580 crt is an indication of

the attraction between polyester (PET) support and the membrane. The results
Figure 7 indicates the IR spectrum of blank PVC (U1) and mixed matrix of FTIR are shown iTable 3[42].
membrane U4; (14 % PVC/1 % sol Mn(agacPVC membrane (U1) sample
indicates peaks in the region between 506 amd 632 cr allocated to &Cl 3.3. Membrane performance test
stretching vibration. However, peaks vibration between 1966 w2535

cmt is related to asymmetric-8 stretching. The peaks at 722 tio 943 3.3.1. Humic acid removal

cmt are the indication for polyethyleneglycol observation in terms of group

CH,O and thepeaks at 970 crhto 1064 cmt correspond to the © Figure 8 illustrates the permeate flux of the treated water as a function of
stretching of & O-C group of the PE®9]. humic acid concentrations. U4 provides the highest permeate flux for all

The coordination bond between the metal and acetylacetonate appearsdifferent concentrations compared with U3 which provides the lowest
the peaks 4040 556 cm'. Asymmetric stretching of the carbonyl group in permeate flux, that because U4 has PEG 3 wt% and PVC 14wt%, but U3 has
acetylacetorta appears in peaks from 1622 to 1800 c#broad band was PVC 15wt% and PEG 2wt%. Increasing the main pe@lymoncentration
observed at 2966 to 3544 drdue to the formation of theDH group in the  especially when it has high molecular weight decreases the pores' size, also a
matrix of the PVC membrane. Peaks between 1427.9 to 1560nclicate low percentage of pore former makes low porosity and low pore size as
CH, scissors vibration band due to the crystaltoenponent of PVC with the  shown inTable 2 U1 (blank membrane) provides a permeate flux of 65, 51,
bonding of Mn (acag)to form a matrix of PVC with Mn(acagin a complex 40, and 26 L/rhh (LMH) for separation of various concentrations of humic
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acid 0.05, 0.1, 0.2, and 1 g/l respectively. The pore former PEG did not adthnoparticle on the membrane matrix, so U4 provithesbest membrane
during U1 preparation so, the permeate flux is lower than U2 which has performance compared with other membranes. However, U7 has aggregation
pore former (PEG) in the polymeric solution ihgr preparation. The fluxes of problems of nangarticles, which leads to low homogeneity and high
U2 were 72, 55, 45, and 29 L7 (LMH) for separation of various viscosity of the polymeric solution during the preparation step, so the
concentrations of humic acid 0.05, 0.1, 0.2 and 1 g/l respectively. Therepared membrane U7 proesl lower permeate flux compared with U4 (1
addition of nanoparticles Mn(acadjuring polymeric solution preparation wt% NS) and U5 (0.5wt% NS) although U7 provides the lowest contact
increases théydrophilicity of the membranes. The results indicate that U4angle, which means high hydrophilic membrane but the aggregation problems
provides the highest flux compared with other membranes, where it has & nanoparticle effect on the membrane perform§s8g

nanasolution (NS) percentage 1%, this nesalution consists of Mn(acac) Figure 9 illustrates the separation percentage as a function of different
and acetonitrile, where Mn(acacjs considerd metatorganic complex feed concentrations. The separation percentage increases with an increase in
material. It has metal ions make cluster coordination with one, dwthree NS %. The separation percentage enhancement sequence was U4>

dimensional structure of organic molecules to form a tetragonal porous shap8>U7>U5>U6>U2>U1. Tk U1 provides the lowest separation percentage

with the high surface area which leads to improve the performance of thier all different feed concentrations compared with other membranes;

membraneg49]. therefore, that due to a weak selective layer, which reduces the separation
Decreasing in NS % leads to decrease in flux such as U5 (0.5% NS), Uercentage. The addition of NS% for all membranes improvecefheation

(0.2% NS). U7 has the highest percentage of NS 1.2% but it provides low flugercentage which reached 99.9 %, 99.8%, 99.7%, and 99.5% for separation of

compared with U4 that may be due to a decrease in porosity of this membranmarious concentrations of humic acid 0.05, 0.1, 0.2, and 1 g/l respectively at

due to an increase MS%. Also, using 1wt% NS during membrane formation using U4 and the separation percentage of all other membranes that the NS

(U4) provides a fast interchange rate for solvent andsodvent during the  was used during pparation is over 98%.

coagulation step for membrane formation, which produces successful uniform

Table 3
Infrared transmittance of prepared membranes resulted by FTIR2€s4].

Beaks number Wavenumber cm-1 Assignment Type of vibration

1 404 cmt to 556 cmt Mn-O Chain stretch Metal & actylacetonate
2 506 cm*to 632 cmt c-cl Chloride

3 722 cmt C-H Alkene

4 970 cm* -1064 cm* C-NorGO Amines or Alchols

5 1622 to 1800 cm c=0 Carbonyl group

6 1960 cmt to 2535 cirt C- H stretching Alkane ( stretch)

7 1427.9 to 1500 crh CH: Scissoring Chain stretch PVC & Metal

8 1490 cm* to 1580 crrt CHz bend Chain stretch PVC & PET

9 2966 to 3544 cm OH stretching Hydroxyl group

PVC/Mn(acac), [U4]
6

T%

PVC [U1]

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber cm

Fig. 7. FTIR spectra for prepared membranes Ul(bare PVC), U4 (PVC/Mngacac)
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3.3.2.Virus removal the membrane hydrophilicity and antifouling membrane surface as shown in
U4, that because the negative charge and paramagnetic propfrties

Sewage wastewater contains many viruses the most common viruses &fa(acac) can make electrostatic charge between the membrane surface and
rotavirus, Aichi virus (AiV), and human bocavirus (HBpWvhich are humic acid solution. Esfahani et al, studied the aggregation of hacidc
considered viral pathogens. The clear sewage wastewater sample was testmioval by the ultrafiltration membrane and zeta potential of these
on the deagind membrane filtration systefable 3illustrates the indication  aggregation. Zeta potential of humic acid aggregation was the negative charge
of viruses in the sewage wastewater before and after treatment by membraniesm -16 mV to -36 mV [46,51] According to that using the humic acid
The results idicate that positive detection for the Aichi virus, human solution in our work provides elgostatic repulsion between membrane
bocavirus, and rotavirus before the membrane. While after the U4 membraserface which has a negative charge due to using Mngat&@g membrane
(composed of 1wt% of Mn(acac3olution) there is negative detection for all preparation7,46]. According to that, U4 has too low irreversible resistance
viruses, which means the U4 membrane separalésviruses from  compared with other membranes, which means U4 is a -smpiésuling
wastewater. U1 membrane (0% of Mn(agas)lution) separates the only membrane thatan be used in wastewater treatment. These laboratory results
rotavirus maybe because this virus has a large size compared with othere the nucleus for producing this type of membrane (PVC/Mn{oaic)
viruses, however, Ul depends on its membrane pores size to separate virusgege scale to be applied in pilot units as ultrafiltration spiral wound modules
by a seving mechanis. While U4 has Mn(acag)n its structure which  or large flat sheet memdmes to be used as a membrane for wastewater
exhibits complete removal of the viruses. Manganese atoms at the heart toéatment. After the success of the pilot test. The membranes can be produced
Mn(acacy knocking out the virus, that like a vaccine in the body, by in the form of an industrial scale to be applied in the wastewater plants.
oxidizing the amino acid residues of the proteins envelopéroses[29,30]

Manganese organic complex compounds can break the protein structure
of the viruses due to the high oxidation ability of these compounds with. Conclusiors
proteins, which can destroy the virus. However, the addition of these

compounds in membrane fabticen can provide the disinfection membrane PVC/Mn(acac) mixed matrix membranes were fabricated by phase
against any viruf31,32,46] inversion techniqueManganese acetylacetonate Mn(agao@noparticles

were prepared using a green chemistry technique to be used in membranes
3.4. Membrane fouling test mixed matrix preparation. The optimum Nasalution (NS%) perceage

which was used during polymeric solution preparation was 1wt% in U4. It

Figure 10 illustrates that the membranes exhibit antifouling behavior provides the best tensile strength 221.7+0.05MPa and elongation of
where the results indicate that washing of the membrane surface after usi2g.12+0.1 mm. U4 provides the highest permeate flux and removal
humic acid solution many times provides the ability to use membeayaen. percentage compared with other membraneg dddition of NS% for all
The results indicate that Ras 72.8% for U1, 80.6% For U2, and 60.64% For membranes improved the hydrophilicity of membranes and reduced porosity,
U4. Irreversible resistarcR; was 15.86% for U1, 4.76% U2, and 0.526% for which leads to an improvement in the separation percentage. The virus
U4. However, the FRR for U1 was 84.14 %, 95.25% for U2, and 99.47% foremoval was studied using Ul (blank PVC membrane) and U4 (PVC/
U4 as shown irFigure 11. It can be observed that the irreversible resistanceMn(acac), 1wt% NS). U4exhibits 100% removal afotavirus, Aichi virus,
of U4 was very low that makes this membrane super aflititp The results  and human bocaviruhe antifouling test was carried out between U1 (blank
indicate that U1 has the lowest antifouling properties according to the absenB&/C), U2 (PVC/PEG without NS), and U4 (PVC/ Mn(agatvt% NS). U4
of polyethylene glycol and narsplution. However, improving the exhibits supeantifouling properties. From these results, thixed matrix
antifouling properties of U2 was due to using polyethylene glycol, whichmembrane U4 (PVC/ Mn(acac)lwt% NS) can be considered a fouling and
enhances the hydrbjlic properties of the membrane and pores virus resistance membrane.
interconnectivity{18-20]. Using Mn(acag)nanasolution with PEG enhances

Table 3
Indication of viruses in the sewage wastewater before and after treatment by membrane.

) After membrane Removal %
Virus type Before membrane
Ul U4 Ul U4
human bocavirus +ve +ve -ve Less than the feed 100%
Aichi virus +ve +ve -ve Few amount 100%
rotavirus +ve -ve -ve 100% 100%
100
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Fig. 8. Permeate flux of prepared UFVC/Mn(acac) membranes
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