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The crystal structure of poly (vinylidene fluoride) (PVDF) and morphology of composite
membranes prepared from mixture of PVDF, Polyvinylpyrrolidone (PVP) and Sodium
Maghnite nanoclay has been investigated in this research work. Several analytical
methods were used for the characterisation of synthesised membrane samples such as
FTIR spectroscopy, X-ray diffraction (XRD), porosity and contact angle It was found the
effect of adding of increasing amounts of Maghnite can improve the piezoelectric phase
of PVDF. These is confirmed by the increase of the Beta crystal phase ratio. It was proved
also that the synthetised membranes occurs different interaction with Serum Albovine
protein by the increase of the fouling index fluxes for the membrane with reach content
of Maghnite. Which confirm that the deposition effect of BSA in the membrane surface
with high amounts of β crystal structures.
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1. INTRODUCTION

membrane sensors and also for the biomedical application and
consequently, the predominance of α or β phases can influence
the physical and chemical properties of the material based on
PVDF. In this context, several research studies have focused
on the orientation of the PVDF polymorphism during the
synthesis according to the objectives of the use of PVDF
composite membranes for different activities. for example,
improvement of antifouling membrane properties by
increasing of the percentage of α crystalline phase in PVDF
structure [2]. It was noted also that the conditions of synthesis
play an important role in the predominance of α and/or β
crystal phases. In this context, Liu et al. [3] studied the effect
of the membrane preparation techniques and operating
conditions on the type of the crystal phases of PVDF
membranes, it was found that the NIPS method promote the
formation of a mixture of α and β phases with a crystallinity
rate of 60%. However, it was observed the predominance of
theβcrystalline phase when the evaporation temperature
achieves 60℃. As well, the α crystalline phase became more
predominant where the solubility of PG increased in casting
solution. Fontananova et al. [4] have studied the effect of the
casting solution composition on the morphology and
crystalline phases of PVDF/MWCNTw/LiCl composite
membranes. The synthesis was carried out with two different
experimental protocols. it was observed that the higher
polymer concentration has an influence on the crystallization
phenomenon of PVDF. Conversely, it was found that the
application of protocol B relative to the low polymer
concentration and hydrophilic additive LiCl trend to cellular
structures formation. The β polar phase of PVDF being
predominant for all the synthesized membranes, while the α

Polyvinylidene fluoride (PVDF) is semi crystalline polymer
which can be used in free or combined states for the
manufacture of different materials such as sensors and porous
membranes applied for ultrafiltration and microfiltration
separation technology [1]. The selective choice of PVDF as
favorable macromolecule for industrial applications is mainly
due to his attractive properties such as the mechanical strength,
chemical stability, thermal resistance and electrical
conductivity. However, PVDF membrane with hydrophobic
characteristic affect considerably the water permeability by
causing fouling phenomenon, which represent negative effect
for membrane filtration sieving mechanism. Considering this
limited factor, it would be useful to make modification in
PVDF membranes, this is related principally to PVDF The
molecular structures of PVDF show that the macromolecule is
formed by repeating unit -(CF2CH2)n-, the structural
composition is the mixture combination between amorphous
and crystalline phases equivalent to conformation structures
(TGTG)’ for α and δ, (TTTT) for β, (T3GT3G) for γ and ε. As
it was represented in the Figure 1, the most imporant two
phases of PVDF are α and β, this is related to the possibility of
the use of composite materials with rich amounts α-PVDF or
β-PVDF in different industrial sectors the non-polar α
crystalline phase is more energetical stable compared to the
polar phase β, that posseces pierzolectrical or pyrelectrical
properties. The PVDF composite materials with very rich
amounts of α crystalline phase can be applied for the
manufacture of membranes filtration, whereas β phase is
commonly used for the fabrication of other materials such as
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crystalline phase appear with the adoption of protocol A (High
polymer concentration). This proves that the crystallinity of
PVDF is linked to the additives interaction between neutral
MWCNT and polar LiCl, which promotes the formation of the
β phase. Moreover, it was deduced that the membrane
morphologies are straightly related crystal phases, it was
observed also that more hydrophilicity of membranes. PVDF
composite membranes containing a high percentage of the β
phase have an affinity with respect to fouling, however the
antifouling characteristic α crystalline phase. it has been
proved that structural modification on the polymeric chains of
PVDF occurred by hydrogen intermolecular band with oxygen
atoms of inorganic materials [4]. During the preparation of
membranes by the NIPS method, the difference of
temperatures between the solvent and the non-solvent
influences the crystallization phenomenon of PVDF and
therefore determines the nature of the polymorphism for this
purpose, the efficiency of solute separation from a solution is
strongly related to the types of polymorphism of PVDF
membranes. Among the important applications of the
electrical properties of β phase PVDF membranes is the
monitoring of fouling by AC method whose principle on the
measurement of the signals vibration which depends to the
thickness of foulant layers deposited in the membrane, in order
to choose the appropriate conditions for better cleaning of the
membranes [5]. One of the most important parameters that
influence the crystallization and polymorphism is the
solubility of PVDF in solvent. In this context, the influence of
the temperature and ultrasonication on the dissolution of
PVDF in dope solution and their effect on the properties of
PVDF ultrafiltration membranes have been studied by Ike et
al. [6] it was observed the regular increase of β phase ratio with
temperature of PVDF dissolution. The application
ultrasonication method produce dense membrane with low
porosity, small size pore and smooth surface. The continuous
investigations on the between transition crystal phases from
αtoβ and physical parameters were established, they have
observed during the preparation and characterization of PVDF
transparent films the growing of β phase amounts at fixed
solvent evaporation temperature of 60℃ and also in the final
stage by the effects of the pressure and high temperature
applied for releasing PVDF films from glass support [7, 8].
The composite membrane based on PVDF and
organic/inorganic additives are different. Among the selected
additives CNT and nanoclay are considered an efficient
inorganic compounds for the enhancement of durability,
mechanical strength and antifouling properties, Lai et al. [9]
have collected literature data on the performance nanofillers
containing PVDF/nanoclay .the investigation review show
that the effect of nanoclay in the nucleation mechanism of
PVDF by favors the transition to β phase form and
consequently increase the roughness, mechanical strength and
abrasion resistance. Indeed, the inclusion of nanoclay into
PVDF matrix structure cause physical coating. In general, the
PVDF/nanoclay membrane applied as hollow fiber
configuration for low pressure filtration technology PVP is
one of the pore-creating agents added to the PVDF/nanoclay
mixture. Little research work has evoked these inhibitory
effects on the interaction of nanoparticles on the surface of the
PVDF membrane [9]. The understanding of the nanoclays
mechanism on the modification of the properties for
nanocomposite structures PVDF-HFP was the subject of the
research carried out by Atanassov et al. [10] which includes
bentonite and original montmorillonite on copolymers matrix

based on PVDF and HFP, the comparative results show that
the addition of bentonite additive increase the β phase amounts.
The contribution of nanoclay for the preparation of composite
materials with piezoelectric property was established by
Sadeghi et al. [11]. The research focused on the highlight the
physical characters of nanotubes of carbonne and nanoclay on
the improvement of PVDF/CNT/Nanoclay composite
property. The results prove the effect of nanoclay inclusion on
the involve of β crystal phase and therefore the piezoelectric
activity. Dillon et al. [12] have reported the effect of modified
nanoclays ‘Cloisite 15 A and Cloiste 25 A’ on the properties
of the PVDF/nanoclay nanocomposite. the nanomaterials have
been synthesized by casting and precipitation techniques It has
been found the different behavior of cloisite 15A and Cloisite
25A on PVDF polymeric matrix. This was explained by the
difference of intercalation and phase separation phenomenon.
The DMF solvent has good ability for the extrapolation the
using two different nanoclays of cloisite with different size
present significative difference in crystallite sizes and crystal
phases related to dominance of α or β crystal phases under
different conditions [13]. The additives formed by
combination between nanoclays and polymeric structures has
been considered as privileged way for the manufacturing
PVDF blended membrane, but several questions are posed for
the techniques of synthesis. In this context, research work has
been realized by Schiefferdecker et al. [14] based on the
comparison between electectrospining and casting methods
when nanocomposite membranes PVDF/Mt-PPy. DBSA was
prepared. With the same fractions of additive Mt-PPy. DBSA,
it was observed that the β-PVDF crystalline phase is highly
present in nanocomposite membranes prepared by
electrospining method. Moreover, the application of casting
method produce membrane with superior electrical
conductivity values of membranes. Cai and Wu [15] have
synthetised additive by incorporation dopamine to
montmorillonite sodium nanoclay. The composite membranes
were prepared via NIPS method by the inclusion of dopamine
modified sodium montmorillonite (D-MMT) on the polymeric
structure of PVDF. The characterisation test of membrane
samples reveals the enhancement of hydropilic character and
mechanical resistance which prove the important contribution
of D-MMT nanoclay on the reinforcement of membrane
structure and the increase of water permeability from 15 to 22
L/m2h for adding amount of D-MMT around 0.8%. The
methods of preparing PVDF/MMT membranes are diverse in
particular co-precipitation and casting techniques are the most
commonly used for the synthesis of PVDF composite
membranes. Fu et al. [16] compared the two methods on the
dispersion of nanolayers phenomenon, under different
synthesis conditions such as casting and thermal treatment and
their impact on the PVDF crystal phase changes, as it was
represented in (Figure 2). The results show the performance
solution casting method on the creation of β polar crystalline
phase, so it was found the α crystalline phase is obtained when
the samples were treated thermally and therefore recrystalised
thus leading to co-precipitation. The highlighted of the
homogenous or heterogeneous MMT dispersion on the PVDF
polymeric structures affect considerably the crystalline phase.
Dhatarwal and Sengwa [17] have investigated the properties
of nanocomposite membranes synthetised by casting
techniques by adding small amount of 0.5%wt of amorphous
SiO2 to different weight ratios of PVDF/PEO. The difference
on the morphonology, the crystallinity, crystal phase and
electrical properties has been found. The crystal phase is
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related to the amount of PEO added. Indeed, the percentage of
β crystal phase achieve maximum value of 69.47% for the
composition of the composite membrane 75 PVDF/25 PEO–5
wt% SiO2. It was deduced that the amorphous SiO2 affect
considerably the interaction between the PVDF and PEO
which has an impact on diminution of crystalinity degree
around 7% compared to the nanocomposite PVDF/PEO.
While, the increase of PEO on the polymeric matrice reduce
the βcrystal phase of PVDF, this was explained by the effect
of the PEO amounts on the activation of βphase. Moreover,
the excess of PEO higher than 25% has inhibition effect on the
growth of βcrystal phases. The application of MgCl 2 as
inorganic nanomaterials the enhancement of the structural and
dielectric properties of PVDF matrix hybrid membranes have
been established by Gaur and Rana [18]. The research idea is
based on the incorporation of Magnesium into PVDF structure
by NIPS using different weight ratios of PVDF/MgCl2, DMF
solvent and denoised water as no solvent. The results of
characterization using XRD, FTIR [19]. Other research work
by have been found the PVDF crystal change to higher value
percentages of β phases 80%, 71% and 84%, this is due to
inclusion of Cloisite 30B and MWCNT which increase the
reinforcement of the surface [20]. It has been found by Mahato
et al. [21] that the different synthetic methods have an impact
on the progress of β phase, crystallinity, and morphology of
the PVDF films. It has been deduced the relation between the
electrical properties and β phase creation. Indeed, it was found
that NIPS casting method improved the β phase around 80%.
More of research works have studied the possibility of
composite membrane synthesis from combination between
polymeric structures and different nanoclays varieties
additives and their effect on membranes characteristics,
Among the nanoclays types, Montmorillonite, Mg Fe layered
double hydroxide modified Montmorillonite (LDH-Mt) and
Cloisite were applied as nanofillers additives for the composite
membrane manufacturing Multiple reasons are behind the
choice of these nanomaterials as additives such as their
abundances in the environment, high surface areas, porosity,
possibility of intercalation and new energy portion during
mixture with polymers structures caused by the electrical
charge mobility [22]. Makwana et al. [23] prepared matrix
hybrid membrane based on PSF, PVP, Mt and LDH-Mt, the
results showed the excellent contribution of nanoclays on the
improvement of water permeability, fouling resistance and
higher capacity for the separation of oil from water. Among
the phylodilicate nanoclay types, montmorillonite nanoclays
provided from Maghnia region (Algeria), this kind of nanoclay
is called Maghnite has been widely used in the synthesis of
nanomaterials for different physical and chemical uses, in
particular Doufnoune et al., and Kherroub et al. [24, 25] has
prepared a new nanofiller material from the intercalation of
Na+ Maghnite by cationic alkyl phosphonium salt and grafted
with three silane coupling agents, the combination of the
synthetized nanomaterial with other polymer structures give
the possibility for the manufacturing new materials with high
mechanical resistance. One of the important research
innovations in material sciences is related to nanocomposite
manufacturing concepted from the mixture between nanoclays
and polymers. In particular; different morphological cases can
appear; this depends to several factors such as the dispersion
of nanoclays fillers in polymeric structures. The basic
principle is to promote intercalation of lamellar structure of
phyllosilicate by homogenous inclusion of polymer between
the space layers of nanoclays. Which can contribute on the

increase of the surface energy and therefore give hydrophilic
properties to nanocomposite materials [26, 27]. Structural
modification of polymers by incorporating new nanoclay
functional groups on membrane surfaces have been
investigated in last years, Montmorillonite has been used as
additive for the enhancement of PES properties in respect to
increase the parameters related to water permeability, thermic
and mechanical resistance and pesticide removal. The water
permeability has mostly affected by the weight ratios of clays
in membrane, these was confirmed by the increase of the water
permeability from 312 LMH to 389 LMH; where the weight
clay amount in membranes increases from 1% to 2%
respectively [28]. Dispersion of cations electrical charges on
the mineral clays has great effect on the electrical conductivity
and consequently has an influence on the polarization. As well
the use of Clay additive for the preparation. As well this
property can enhance electrical properties of hybrid matrix
nanomaterials [29-34]. The interaction between nanoclay
particles and polymeric structure can influence on the
membrane characteristics and crystallographic forms such as
PVDF. The aim of this research work is to investigate the
effect of modified nanoclay Maghnite on the crystal transition
of PVDF and characteristic of composite membranes based on
PVDF, PVP, Sodium Maghnite in the second stage the
application of synthesized membranes will depend to the
results of predominance one of α or β crystal forms of PVDF.
For this reason, experimental test on BSA separation by
membranes will be established and the fouling index will be
also measured.

Figure 1. α and β conformation structures of PVDF [4]

Figure 2. Descriptive scheme of the β phase formation in
systems with fine dispersion of MMT (A) and the α phase
dispersion in systems with poor dispersion of MMT (B) [16]

2. MATERIAL AND METHODS
2.1 Chemical reagents
During the membrane synthesis stages, several chemical
reagents were used, their technical data are cited in the Table
2.
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2.2 Preparation of BSA solution

addition will allow rapid settling. At the end of the stirring, a
colloidal solution is obtained which is poured into 2L test
tubes and left to stand overnight, which allows the
montmorillonite sheets to swell. The solution is transferred to
2 flasks and 250 ml of NaCl (1N) are added to each, then
stirring is continued for 8 hours and the mixture is left to settle
overnight. After decanting overnight, we notice the
appearance of a supernatant liquid [43].

BSA solution was prepared at a concentration of 500 ppm
at constant pH of 4.5 [32].
2.3 Maghnite nanoclay treatment stages
2.3.1 Purification and activation of Maghnite nanoclay
Before the purification and activation, it was The properties
of natural Maghnite was establised using different methods
Relative Moisture in Maghnite nanoclay.
The moisture percentage in Maghnite sample was
calculated using the following equation [34]:

H (%) =

(W0 − W1 )
 100
W0

2.4 Membranes synthesis method
The composition of the synthetic solutions based on PVDF,
PVP, Sodium maghnite and DMF is shown in Table 3, the
components was mixed at 8 h with temperature of 50℃, one
uses the method of precipitation by phase inversion [1].

(1)

Table 1. Properties of α and β crystalline phases of PVDF [5]

2.3.2 pH measurement
The method measurement consists on the stirring of 5 g of
Maghnite with 100 ml of distilled water for 5 minutes. After
standing for one hour, the pH of the supernatant is measured
using a pH meter [35, 36].
2.3.3 Swelling index
The method of measurement, a graduated cylinder was
filled with 50 ml of distilled water and 0.5 g of Maghnite was
added. After 45 minutes, note the first volume V0. After 2
hours, note the volume of swelling [37, 38].
SI ( % ) =

SV  50
50 − H ( % )

α
P21/c(C5/2h)
TGTG’

β
Cm2m (C14/2v)
TTT

None
None

Elasticity
Thermal stability
Interaction with
protein
IR bands (cm-1)

-

Strong
Piezoelectric
and pyroelectric
Great
Weak
Strong

488 532 615 766 795
854 976 1383 1423
17.7 18.3 19.9 26.6

511 840 1074
1276 1286 1431
20.26

XRD reflexion (°)

(2)

Table 2. Technical and commercial data of chemical
products

2.3.4 Weight loss fire
WF (%) =

Properties
Symmetry group
Structural
Conformation
Polarity
Electroactivity

(W1 − W2 )
100
W1

(3)

2.3.5 Colloidal percentage
The colloidality was measured by the following equation:

V −V
C ( % ) = 100  ( 1 0 )
V1

Reagents
Poly (vinylidene
fluoride)
Polyvinylpyrrolidone

Commercial name
PVDF(UdelP1700)

Dimethylformamide

Dimethylformamide
(ACS reagent, 99.7%)
Maghnite

Algerian
Montmorillonite
NaCl

(4)

where,
V1: Supernatant volume (L)
V0: volume of water added (L)
H(%): Moisture percentage
SI(%): Swelling index percentage
WF(%): Weight loss Fire percentage
C(%): Colloidal percentage
pH: Potential of hydrogen
SV: Swelling volume (l)

Serum Albovine
protein

PVP (K29-32)

Sodium Chloride
Probumin® Bovine

Suppliers
Sigma
Aldrich
Sigma
Aldrich
Sigma
Aldrich
ENOF
Sigma
Aldrich
SigmaAldrich

Table 3. Composition of casting solutions
Membranes
M1
M2
M3

2.3.6 Maghnite nanoclay treatment
Raw Maghnite must be purified from the quartz, calcite,
feldspar). and the exchangeable cations of natural clay must be
replaced by sodium cations. The size of maghnite particle is
less than 2 μm [39-42].
Sodification of maghnite. For the purification of
montmorillonite, an amount of 10% is dispersed in distilled
water, the mixture is stirred for 8 hours to homogenize the
solution, but at the 7th hour of stirring, 5% (25ml) d A sodium
chloride solution NaCl (1N) is added to the solution. This

PVDF
(%)
18
18
18

PVP
(%)
2
2
2

Sodium
maghnite (%)
0
5
10

DMF
(%)
80
75
70

2.5 Characterization of membranes
2.5.1 Fourier transformed infrared spectroscopy (FTIR) of the
membrane samples
After drying the samples of each membrane at a temperature
of 50℃. The mixture of membrane samples and KBR pellets
were prepared and analysed using The FTIR
spectrophotometer (Spectrum, Perkin Elmer, USA), the
spectral analyzes were carried under wave number range
between 4000 to 400 cm-1.
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2.5.2 X-ray diffraction pattern analysis
The XRD diffractograms of the membranes were
established using the AXS Bruker D8 model equipped with a
CuKα source (λ=154 nm). The diffraction angles (2θ) is
between 5°to 90°under a potential difference of 40 kV with
and a lamp current intensity of 30 mA.

FI (%) =

3. RESULTS AND DISCUSSION
3.1 Maghnite nanoclay characterization
The results of Maghnite nanoclay characterization are
presented in the Table 4:

2.5.4 Porosity and mean pore size
Membrane porosity and mean pore sizes were be calculated
according to the following equations [1].

Table 4. Properties of maghnite nanoclay

(ωwet − ωdry )
ρw
(ωwet − ωdry )
ρw

rm =

+

H(%)
49.61

ωdry

100

(5)

ε  A m  P

(6)

where, wwet: weight of membrane (g); wdry: weight of
membrane dried (g); ρw: Density of water (g/cm3); ε: Porosity;
ƞ: Water viscosity (8.9×10-4 Pa.s); Am: Membrane area(m2);
∆P: Difference of Pressures(Bar); Qw: Flow rate(m3/h); rm:
Mean pore size (nm).

2.5.7 Rejection rates of BSA and fouling index
The water rejection rate of BSA and fouling index for each
membrane was measured using pilot unit (Amicon 8200), with
cell surface area is 29 cm2 used in the experimental test by
Chabane et al. [1]. BSA rejection rates was calculated using
the following equation:

C BSA
Feed

) 100

(7)

BSA

where, R(%): Rejection rate of BSA by membranes; C Feed :
Concentration of BSA in feed (ppm);

WF(%)
19.47

C(%)
8

In order to ensure the validity of the purification and
activation of the maghnite, a comparative study between the
IR spectra of the maghnite and the data collected from the
literature. It was shown that the infrared bands of the spectrum
shown in Figure 3a located at wave numbers of 3633, 3417,
1630, 1047 and 526 cm-1 correspond respectively to stretch
vibration modes -OH of water, deformation -OH of water,
symmetrical stretching Si-O, Al-O-Si deformation, and
deformation of OH groups linked to the atoms such as
aluminum and/or magnesium [41]. The mains infrared bands
indicated in the Figure 3b, 3c and 3d belongs to PVDF, this
seems logical taking into consideration the high percentages
of PVDF indicated in the Table 3. 3672cm -1 and 2898cm-1
assigned to the OH stretching, and the CH stretch band of
PVDF. The peaks at 1495 cm-1 and 1403 cm-1 represent the
bending vibrations and the modes of operation of CH 2,
respectively. A strong band was observed assigned to the
symmetrical stretch and strain modes CF2. The weak peaks
between 509-485 cm-1 and 444 cm-1 were related to the waging
and rocking modes of CF2.The functional groups of PVP and
maghnite added to the PVDF polymer matrix are indicated in
the spectra either by the appearance of new infrared bands
other than that of PVDF. In particular in Figure 3b, the bands
located at 1669 cm-1 is attributed to C=O stretching vibration
band of PVP; the intensity of this band must be affected with
the addition of Maghnite nanoclay in the Figure 3c and Figure
3d. It was observed a change in the form of the bands under
the range situated between 3200 to 2800 cm -1 for M1, M2 and
M3 membrane samples, that can be explained by the creating
of new bands between Hydrogen atoms of CH2 and oxygen
atoms of hydroxyl group of Maghnite nanoclay, this was
clearly observed by the comparison of the number of bands
between 3000-2800 cm-1 for sample M2 containing 5% of
Maghnite and M3 (10% Maghnite). Moreover, same remarks
have been deduced in the wave numbers region situated
between 500 to 400cm-1.

2.5.6 Membrane thickness measurement
The thickness of the different membranes was measured
using a micrometer.

BSA
Cpermeate

SI (%)
64.03

3.2 Fourier transformed infrared (FTIR) analysis

2.5.5 Contact angle measurement
The contact angles for membranes were established by
deposition drop of distilled water on the surface of the
membranes. The instrument used for these experiments is
DSA model supplied by KRUSS company [15].

R(%) = (1 −

pH
8.4

According to the experimental data obtained for the
maghnite clay, it was found that the swelling index is higher
to 50% with important moisture content about 49.61% and low
organic matter and colloidal composition. In order to improve
more the properties of nanoclay, sonication method has been
applied with sodium inclusion mechanism for intercalation but
also exfoliation method for high dispersion of nanoclay.

ρw

( 2.9 − 1.75  ε )  (8   ε  Q w )

(8)

where, FI(%): Fouling index; JBSAP: Permeate flux of BSA
solution (LMH); JPWP: Permeate flux of pure water (LMH).

2.5.3 Optical microscopy
The surface of synthetised membrane samples was observed
using optical microscope with resolution 40X referring to the
method established previously [1].

ε=

J BSAP
100
J PWP

BSA
Cpermeate
: Concentration

of BSA in permeate (ppm).
The concentration of BSA in water was determined using
UV-Visible spectroscopy method. The concentration of BSA
was measured at λmax=278nm, this method has been used by
Gebru and Das [44].
The fouling index was matured by the monitoring of the flux
ratio indicated in the Eq. (8) [44].
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Figure 3. FTIR spectra of membrane samples

(a) Purified clay (Na+MMT)

(b) Membrane of PVDF/PVP/DMF (M1)

(c) Membrane of PVDF/PVP/ Na+ MMT/DMF (M2)

(d) Membrane of PVDF/PVP/ Na+ MMT/DMF (M3)

Figure 4. XRD analysis results of membrane samples
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3.3 XRD patterns analysis

3.5 Optical microscopy observation

According to the XRD analysis, it was observed in Figure
4a the presence of peak located at 2θ=6.9 o assigned to
symmetry plane (001) of the sodium maghnite nanoclay, this
is straightly confirmed in comparison with literature data. It
was found that the peaks located at 10°,17°and 20°belongs to
(001), (110) symmetrical planes respectively. The XRD data
collected from Table 1 show that these planes reflect the
positions of the atoms corresponding to α crystal conformation
of the PVDF in M1 membrane [1]. The peak located at 20.26°
is assigned to the planes (022) of βcrystal phase of PVDF
(Table 1). With the inclusion of sodium maghnite to the
mixture of polymeric matrix PVDF/PVP Some changes have
been occurred specially the absence of the peak located at 27°
in membrane M2 (Figure 4c) and M3 Figure (4d) compared to
M1 (Figure 4b) with also decrease in intensity of the peak
located at 40°.and increase of the intensity of the peak located
at 20° for plane (110) corresponding to β crystal phase of
PVDF for M2 and M3 membranes, Which is justified by the
effect of sodium maghnite on the possibility if transition
phases from α to β and in the new atomic position order planes
compared to the initial atomic position in the case of M1
membrane.

As it was observed in the Figure 6, it was found that by
increasing of the weight ratios of the sodium maghnite in the
polymeric matrix PVDF/PVP. The pore formation membrane
progress. Which highlights the effect of sodium maghnite in
the increase of the porosity, in order to confirm these results,
additional analyzes were carried out by using, complementary
tests were established in to porosity, pore size measurements
and contact angle water were established.

(a) M1(0%NaMaghnite)

3.4 Evaluation of β crystal phase ratio factors
The β crystal phase amounts of PVDF on membrane
samples was calculated by determination the ratio of
absorbance F(β) defined by the following equation:

(b) M2(5%NaMaghnite) (c) M3(10%NaMaghnite)
Figure 6. Membrane surfaces

F ( ) =

A

3.6 Determination of membrane surface properties

(9)

1.3 A + A

As it was shown in the Table 5, the surface properties of M1,
M2 and M3 membranes indicate the influence of the sodium
maghnite additive on the slight increase of the porosity, the
pore size and hydrophilic character. This is justified by the
effect of the inorganic bands in nanoclay composed from the
mixture of Si-O and Al-O and therefore the possibility for the
creation of hydrogen band with polymeric structures of the
membranes and consequently the possibility to increase the
number of the pores and the pore sizes Moreover, nanoclay
additive increase the membrane thickness and consequently
the membrane structures with rich amount of sodium maghnite
became more dense structure compared to the membrane
based on PVDF and PVP.

−1

where, Aα and Aβ correspond to absorption bands at 795 cm
and 840 cm−1 for α and β. The effect of maghnite additive in
PVDF matrix on the β crystalline phase amounts for each
membrane was highlighted in this study. The Figure 5 show
the increase of β crystalline ratio from 0.54 to 0.70 with the
successive increase of weight ratio of sodium maghnite under
range from 0%, 5% to 10% for M1, M2 and M3 respectively.
Indeed, with in compliance with the polymorphism data
analysis obtained from FTIR and XRD and therefore it was
deduced that sodium maghnite nanoclay favors the crystal
phase transition of PVDF from the α to β with increased
polarity [45].

Table 5. Porosity, pore size, contact angle and thickness

0,8

M3

Membranes
M1
M2
M3

0,7
0,6

M2
M1

F(β)

0,5

 (%)
69.25
72
75

rm (nm)
67
70
73

Θ (°)
95
84
83

ξ (μm)
88
134
136

0,4

3.7 Study the BSA rejection and fouling index

0,3

According to the Figure 7, it was observed that the retention
of BSA increases with the weight ratio of sodium maghnite in
the composition of the membranes. This result is in conformity
with the decrease fouling index expressed according to the
equation. Which is explained by the deposition effect of BSA
molecules leading to obstruction of the pores of the
membranes. This highlights the interaction effects between

0,2
0,1
0,0

0

5
% Maghnite

10

Figure 5. β crystal
phase ratios
for each membrane
1
2
3
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BSA and the surface of the membranes mainly implicate the
presence of the crystalline phase which interacts with the
proteins such as the BSA.
[6]
90

100

BSA rejection(%)
Fouling index(%)
F(β)

88
86

0,58

98
96

0,56

84
94

82
80

92

78

90

76

[7]

0,54

0,52

88

74

0,50

[8]

86

72
70

84

68

82

0

5
NaMaghnite(%)

0,48

10

Figure 1,0
7. Effect 1,5
of sodium2,0maghnite
ratio on BSA
2,5 weight 3,0
rejection and index fouling

[9]

4. CONCLUSION

[10]

The improvement of the piezoelectric properties of the
composite membranes based on PVDF and PVP by the
addition of sodium maghnite as an additive was highlighted
during this research work. Indeed, sodium maghnite clay
nanoparticles favor the crystallographic transition of PVDF
from α and β polar form. This is confirmed by the gradual
deposition of the BSA protein on the surface of the phase-rich
membranes of PVDF due to the polar attraction phenomenon
and therefore it would be possible to use the membranes based
on PVDF, PVP and Sodium maghnite in the separation of
proteins such as BSA which represents a fairly important
scientific et economical interest.

[11]

[12]
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Concentration of BSA in feed (ppm)

BSA
Cpermeate

Concentration of BSA in permeate (ppm)

FI(%)
pH
rm
SV
W
C(%)
H(%)
SI(%)
WF(%)
JBSAP
JPWP

Fouling index
Potential of hydrogen
Average pore size (nm)
Sweling volume (l)
Weight (g)
Colloidal percentage
Moisture percentage
Sweling index
Weight loss fire
Permeate flux of BSA solution (L/m2h)
Permeate flux of pure water (L/m2h)

Greek symbols
ε
ρp
ρwater
ξ
η

NOMENCLATURE
Am
Aα
Aβ
F(β)
V
V1
V0
t
BSA
ΔP
JBSAP
JPWP
R(%)

BSA
C Feed

Membrane filtration area (m2)
Absorbance of α crystal phase
Absorbance of β crystal phase
β crystal phase ratio
Volume of the permeate (L)
Supernatant volume (L)
Volume of water added (L)
time (h)
Bovine serum Albumine
Operating pressure test (Pa)
Permeate flux of BSA solution (L/m2h)
Permeate flux of water (L/m2h)
Rejection ratio of BSA by membranes

Porosity of the membrane (%¨)
The density of the polymer (g/cm3)
The density of water (g/cm3)
Membrane thickness (nm)
Water viscosity (8.9×10-4 Pa.s)

Subscripts
PVP
PVDF
PEO
FTIR
XRD
MWCNTw
DMF
LMH

200

Poly(N-vinylpyrrolidone)

Polyvinylpyrrolidone
Polyethylene oxide
Fourier transform infrared spectroscopy
X-ray diffraction

Multiwalled carbone nanotube
Dimethyl formaldehyde
L/m2h

