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Abstract : Polyvinylchloride-co-SiO, nanoparticles
nanofiltration membraneswere prepared by phasein-
version method throughimmersion precipitation tech-
nigue. For the purpose, PVP and N, N
dimethyl acetamide were utilized as pore former and
solvent in membranesfabrication. Theeffect of SIO2
nanoparticle concentration in the casting solution on
membrane performance and physi co-chemical prop-
ertieswasstudied. Thefabricated membraneswerein-
vestigatedintermsof purewater flux, permesbility flux,
MgSO, rejection, water content percent, porosity and
tendlestrength. Obtained results showed that membrane
PWEF, permeability, water content, porosity andtensile
strength wereimproved by utilizing SIO2 nanoparticle
inmembrane matrix. Theimproving of PWF and per-

INTRODUCTION

Nano filtration (NF) is a pressure-driven sepa-
ration process employing a semi permeable mem-
brane with the separation characteristics in the in-
termediate range between reverse osmosis (RO)

meability continued by addition 0.1 % wt. sio2
nanoparticles and again decreased by addition more
concentration of nanoparticles (0.5 and 1 wt. %). The
membranereection a so exhibited nearly congtant trend
by using additive nanoparticles. The prepared
nanocomposite membrane containing 0.1 %owt SIO2
nanoparticles showed more appropriate perfor-
mance compared to others. In addition the effect of
membrane thickness, feed concentration and operat-
ing pressure on membranes performance was stud-
ied. © Global Scientificlnc.

K eywor ds: Filtration; Nanocomposite; PV C-co-
SO, nanoparticles, Permeability/rejection; Physico-
chemical property; Operating condition.

membrane and ultrafiltration (UF) membrane™=l,
Compared with UF membrane, NF membranehasa
smaller pore size, so organic molecules with mo-
lecular weight larger than 200 g/mole can be re-
tained. Compared with RO membrane, NF membrane
exhibitslower retention ratesand higher permeability
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to monovalent ions and solvent, respectively, so a
relatively higher solvent flux can be obtained at
lower operating pressure. Therefore, NF processis
now extremely attractivefor water softening, drink-
ing water purification, waste water reclamation, as
well asindustrial process fluids treatment*®. Most
of NF membrane was made of polymer. The organic
polymer has many advantages, such as extensive
sources, convenient manufacture, low cost, and easy
to achieve the industrialization, but it also has the
disadvantage to overcome, such as bad thermo
stability,weak anti-fouling and poor anti-swelling etc.
In recent years, many new kindsof organic/inorganic
blend materials were explored to combine the de-
sired properties of inorganic and organic, enhanc-
ing the thermal and mechanical properties, el ectro-
chemical and physical properties, hydrophilicity,
flexibility and ductility of organic polymerg1o-13,

PV C isone of the most flexible and evergreen
polymers containing good chemica and environmen-
tal properties. Thereare some modifications enhanc-
ing of fabricated PV C membranes (NF, UF, ion ex-
changemembraneand ...) performance and proper-
ties such asmodification it by SBR, PVP, PEG and
CA as polymeric additives and nano-silver andiron
oxide nanoparticleg419,

For inorganic nanoparticles, which have ahigher
specific areaand lots of negatively charged hydroxyl
groupsexisting on the surface, it can bring new good
propertiesfor the composite materials. Several types
of inorganic materials have been used as additives
in organic polymersin UF and NF membrane prepa
ration process, which involves titanium dioxide
(TiO2), zirconium dioxide (ZrO2), Al2031*"-2Uand
so on. Like other materials, Silicon dioxide (SIO2)
has also been widely used in filtration membrane
preparation, such as PES-Si02123, PVA/SIO2 mem-
brane®. Nano-SiO2 has awide resource and lower
price than A1203 and TiO2 nanoparticles.

It attempted to prepare composite PVC/PVP/
SiO2 NF membranes by casting solution
techniqueand phaseinversion method in coagulation
bath. Polyvinyl chloride (PVC) and polyvinylpyr-
rolidone (PVP) dissolvedin N, N dimethylacetamide
(DMAC) as primary polymer, pore former and sol-
vent, respectively. Theeffects of addition nano-SiO2

on nanofiltration membrane performancesincluding
PWF, permeation flux,and rejection were discussed.
In addition % water content, porosityand tensile
strength for understanding the effect of addition of
nano-SiO2 on hydrophilicity and mechanical prop-
ertiesof PV C/PVP membranewas measured.

EXPERIMENTAL

Materials

Polyvinylchloride grade S-7054 supplied by
BIPC, was used as membrane base binder. Polyvi-
nylpyrrolidone (PVP) from Merck was applied as
pore former. DMAC from Merck was utilized as
solvent. Nano-SiO2 supplied from Degussa GmbH,
Germany, was used asinorganic filler additive. The
distillated water was used as non-solvent (coagula-
tion bath) for all experiments.

Feed solution

All experiments were done by solution of 2000
mg MgSO4 per oneliter of distillated water asfeed
solution.

Fabrication of PV C/PVP/SIO2 nanocomposite NF
membr anes

The membranes were prepared by casting solu-
tion technique and phaseinversion method in deion-
ized water. At first stage, homogenous sol utions of
PV C/PVP/SIO2 with different concentration of nano-
SiO2 dissolved in DMACDy stirring at 7000rpm
(Multi magnetic stirrer, Velp scientific model, S/N
172203, made in Europe) for 5h. The resultant ho-
mogeneous mixtures were transferred to ultrasonic
cleaner for 45 min at 20=*C (Parsonic11Smodel, &/
N PN-88159, made in Iran)to remove entrapped air
bubblesfrom solution and better nano-SiO2 disper-
sion?3, After that,they casted onsmooth glass plates
by amanual film applicator with constant thickness
of 200um. then they dipped in to the non-solvent
(deionized water) as coagulation bath for immer-
sion precipitation step at room temperature (25+2
&%C). For extracting reminded solvent in membranes
structure, they were kept in fresh deionized water
24 h before testing. The composition of the casting
solutionsare shownin TABLE 1.
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TABLE 1 : Composition of casting solutions used in preparation of membranes

Membrane sample no PVC (%wt) PVP (%wt) SiO2 (Yowt) DMAC (%wt)
1 16.5 05 0 83
2 16.5 0.5 0.05 82.95
3 16.5 0.5 0.1 829
4 16.5 05 05 825
5 16.5 0.5 1 82

Feed solution
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Figure 1 : The nanofiltration experimental setup

Membranescharacterization
Filtration experiments

The PWF, permeation flux and rejection of the
fabricated nanocomposite membraneswere andyzed
on the filtration stirred dead end cell withinner di-
ameter 4.5and effective filtration area about 11.94
cm2. The schematic diagram of the experimental
setup was shown in Figure 1. Circular membranes
with top layer in contact feed were placed into the
cell. The prepared membranes were initially
pressurizedby gas nitrogen at 7bar for 20 min. PWF
and permeability flux were measured by collection
permeated water through membranesin atank res-
ervoir at 6bars as driving force and calculated by
below expressionl?4:

J,= Q/A (At) (1)

Where J iswater flux (L/mh), Q is quantity of per-
meate (L), A is membrane area (m?) and At is sam-
pling time (h). Rejection was calculated by the fol -

lowing equation:
. — (&)
Cr (2)

Where Cp and Cf are the MgSO, concentration in

Rejection 9%

permeate and feed, respectively that they have mea-
sured by conductivity meter (Ohaus Corporation, S/
N B143385306,U.S.A).

% water content measurements

For water content percent cal culation, the weight
of wet and dry of membranes were measured by a
digital scale (OHAUS, Pioneer TM, Readability:
10"4 g, OHAUS Corp). Then it calculated by fol-
lowing equation:

w, —Ww
wWater content = —2——2 x 100

W.,.
w (3)
Wherew, and w arewet and dry samplesweight (g),
respectively. For preventing of errorsin water con-
tent measurements, the experimentswere donethree
times.
Membranespor osity

For determining of average membranes poros-
ity, following equation was used:

— W
2 % 100

. W,
Porosity =
PrVm (4)
Wherep - and v, arewater density(g/cm?) and mem-
brane pieces volume (cm®), respectively?el,

Mechanical properties
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Thetensile strength of prepared membraneswas
measured to investigate the effect of nano-
SiO2addition on membranes mechanical properties.
Measuring tensile strength has done in term of
ASTM1922-03 standard that reported el sewhere!®l,

RESULTSAND DISCUSSION

Characterization of thefabricated nano-compos-
itemembranes

Water content and porosity

For investigation the effect of nano- SIO2 addi-
tion to casting solution on fabricated membranes hy-
drophilicity, water content was measured®”. There-
sults of measured water content have come in
TABLE 2. The comparison of valuesreportedinthis
table showsincreasing in water content sharply from
50.25 to 63.31 by addition of different nano-SiO2
concentration. Thusit can beresulted that hydrophi-
licity of nanocomposite membranes prepared blend
of PV C/PVP/SiO2 ismorethan prepared membrane
PV C/PVP without nano- SIO2. In addition, the ef-
fect of nano- SiO2 on fabricated membranes poros-

ity (membranes structure) has described in TABLE
2, too. Theresultsreported for membranes porosity
in TABLE 2 indicates growing of macro voids in
membrane sub layer by addition of nano-SiO2. Pres-
ence of materials with the same properties of non-
solvent (deionized water) leads to exchanging of
solvent and no-solvent faster. In thissituation macro
voidsin membranes structure grow. In another point
of view, formation of polymer-nano particlesbonds,
reduces polymer interaction together and makes cast-
ing film unstable. Thus phase inversion in coagula-
tion bath happenswith morerates. Thistype of trend
has reported by otherg?®.

Flux

By means of equation (2), permeability flux and
PWF for fabricated NF membranes were cal cul ated.
These values have shown in Figure 2. According of
thisfig, two types of behavior was seen by addition
of nano-SiO2 to casting solution. Flux of fabricated
NF membranes (both permeability flux and PWF)
increases by addition of nano-SiO2 to casting solu-
tion just in samples of 2 and 3 containing of 0.05
and 0.1 % wt of nano- SiO2. After it, flux reducesin

TABLE 2 : Water content and porosity of prepared membranes

Membrane Water content (%) M embranes por osity (%)
1 50.25 58
2 52.03 59.5
3 57.51 64.08
4 59.42 65.9
5 63.31 68.43

#® permeability OPWF
45 -
40 -
= 35 . m
iy , kS m|
s 30 .
2 25 -
= ¢
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5 4
0 : ;
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Samples number
Figure 2 : PWF and permeability flux versus different nano-SiO2 concentration
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samples of 4 and 5 containing of 0.5 and 1 % wt
nano- SiIO2. By comparison of these results, it can
be resulted; addition of nano-SiO2with 0.1 % wtin
casting solution hasthe most effect on flux duetoits
good dispersion. One of the reasons for decreasing
of flux in samples 4 and 5 may be related to aggre-
gation of nano particles in these concentrations. In
this situation the active surface area of nano-SiO2
decreases. Then the effects of nano-SiO2 on mem-
brane matrix becomeless. Thusflux reduces. In ad-
dition, another reason of decreasing flux for mem-
branes containing of nano-SiO2 with concentration
more than 0.1 % wt, may relate to reducing of pore
diameters and making pore blockage by nano-SiO2
that lead to declinein passing water from fabricated
membrane and decreasing of flux?. In this section
it should mention, the flux of sample 3 (contain of

100
80 -

60 -

40

Percentage of Rejection

20
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nano- SiO2 with concentration of 0.1 %wt) was
about 1.5 times more than sample 1 (without nano-
Si02).
Rejection

Figure 3 showsthe effect of nano- SiO2 concen-
tration on MgSO4 rejection. Asit can beseeninthis
fig, the percentage of rejection has increased from
34.27 in sample 1 to 43.66 in sample 3 (containing
of 0.1 % nano- SiO2). It can be concluded from this
Figure that presence of nano-SiO2 just with 0.1 %
wt to casting solution improves rejection. It is be-
cause that nano- SIO2with adequate concentration
(0.1 % wt.) in membrane matrix and surface (with
completely dispersion and no pore blocking) leads
to more adsorption of water during filtration
process(The results of water content measurements

Samples number

Figure 3 : Percent of salt rejection versus different nano-SiO2 concentration
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Figure 4 : The effect of different nano-SiO2 concentration on PVC/PVP membrane tensile resistance
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in TABLE 3 confirmed increasing of membrane hy-
drophilicity by addition nano- SiIO2with 0.1 % wt).
In fact presence of more water in the surface of fab-
ricated membranel eads to less accumul ation of ions
on membrane surface. Then rejection increases.

Tensilestrength measurement

For study on mechanical propertiesif fabricated
nanocomposite membranes, thetensile strength was
measured. The results of measured tensile strength
of nanocomposite membranes have comein Figure
4. ThisFigureindicatesimproving of tensile strength
by addition of nano- SiO2with different concentra-
tion to the casting solution. Blending of mixed poly-
mers (PV C/PVP) and nano- SiO2have stronger in-
teraction in comparison of pure mixed of polymers.
Then the dlipping of polymer continuum on together
becomes moderate. In another word, formation of
PV C/PV P/nano- SiO2bonds preventsthe movement
of PV C/PV P molecules. Thustumbling of PV C/PVP
composition restricts. Therefore it can be resulted;
presence of nano- SiO2can help membranes struc-
tureversus of strength forces.

Effect of membranethicknesson PWF

For investigate the effect of membranethickness
on flux permeated from fabricated membranes, the
PWF versus different membrane thickness just for
samples 1 and 3 (containing of 0 and 0.1 % wt nano-
sio2) was experimented. Figure 5 shows the effect
of different thickness on PWF of fabricated mem-
branes. In this experiment driving force (operating
pressure) was kept constant (6 bar). Asitis clearly
in thisfigure, while membrane thicknessincreases,

60

50 - ]

PWF (L/m"2.h)
(¥ )
o

the PWF reduces in both sample 1 and 3. By in-
crease of membranethickness, theresistances against
of flux among of membranesincrease. In fact, itis
noticeable that there is a liner relationship (with
negative slope) between PWF and membrane thick-
ness. By this experiment can result that thicknesshas
the similar effect on both samples (with and without
nano- SiO2)behavior in term of pure water flux.

Effect of feed concentration on Per meability flux

Figure 6 indicatesthe effect of feed solution con-
centration on permeability flux of samples1and 3.
As it can be seen in this figure, increasing of feed
solution concentration (1000-2500mg/l) have nega-
tive effect on permeability flux. Thiskind of behav-
ior is may contribute to membranes pore blockage
with ions dissolved in water. Because of placing,
associ ation and accumulation of ionsin membranes
surface, theeffective area for passing water
throughthe membrane becameless. Thus, by means
of increasing feed solution concentration, the num-
ber of pores in membranes structure and surface
filled with ions increase and consequently, perme-
ability flux reduces. The nano- SiO2was embedded
in the organic polymer structure (PV C/PVP)makes
nanofiltration structure with lessdensetop layer than
pure membrane without nanoparticles?®!. Therefore
permeability flux of sample 3 was noticeable more
than pristinemembrane (sample 1).

The effect of different operation pressure on
PWF

Figure 7 has demonstrated the influence of driv-
ing force (operating pressure) on pure water flux.

®samplel

Msample3

100 150 200

250

membrane thickness (um)
Figure 5 : The effect of membrane thickness on PWF at 6 bar as operating pressure
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Figure 7 : The effect of different operating pressure as driving force on PWF
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Figure 8 : Flux decline behavior versus filtration time at 6 bar operating pressure

The purewater flux of fabricated NF membranewith  PWF wasliner function of operating pressure. Asit

and without nano-SiO2 at different operating pres- isclearly seen, the PWF of sample 3 (containing of
surewas shown in Figure 7. It was resulted that the 0.1 % wt nano- SiO2) is more than sample 1 with-
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out nanoparticles. Asit mentioned inthesection 3.1.1
(about increasing of water content of samples by
addition nano- Si0O2), its reason should be because
of increasing sample 3 hydrophilicity due to exist-
ing of nano- SIO2.

Flux declinebehavior

Figure 8 hasdisplayed trend of permeability flux
for sample 1 without nano-Sio2 and sample 3 with
0.1 % wt nano- SiO2versus of filtration time (min).
Both sample 1 and 3 showed decline by increasing
of filtration time. But as it can see, the decline of
sample 1 ismore significant compared to sample 3.
The addition of nano-SiO2 to the membrane
structureclearly has decreased fouling of sample 3
and this sample has more stability during of filtra-
tion time. In fact it can say permeability flux of
sample 3 has become stable after 15 min after start-
ing of filtration experiment. There are the samere-
sultsin literature!®.

CONCLUSION

Inthe present research, the effect of different con-
centration of nano-SiO2 on PV C/PV P nanofiltration
membranewas studied in terms of PWF, permeabil -
ity flux, regjection, water content percent, porosity
and tensile strength. The most effective nano-SI02
concentration on flux and rejection wasfound 0.1 %
we. The flux increased from 14 to 43 (L/m"*2.h)by
increasing of nano-SiO2 (from 0 to 0.1 % wt). Ad-
ditional more nano-SiO2 due to pore blocking re-
duced flux. In concentration of 0.1 % wt nano-SiO2
rejection increased 27 percent compared to pristine
membrane without nanoparticles. Water content per-
cent, membrane porosity and tensile strength grew
sharply by nano-SiO2 concentration. In addition more
experiment interm of membrane thickness, feed so-
lution concentration and operating pressure effect
on flux were studied and results were reported for
sample 1 and 3 (with and without nanoparticles re-
spectively).
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