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Influence of cellulose acetate polymer proportion on the fabrication
of polyvinylchloride reverse osmosis blend membrane, experimental design
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ABSTRACT

The current research aims as introducing polyvinylchloride (PVC) favorable properties such as
strength, durability, and low cost to RO membranes through blending it with cellulose acetate (CA).
Hence, blend membranes of PVC/CA have been prepared and developed for water desalination.
Large-scale membranes (110 cm long x 65 cm wide) were fabricated using a homemade batch casting
machine. To save chemicals cost, reduce experimental errors and reduce the number of experiments,
a factorial design employing response surface methodology (FDRSM) has been established using
experiment design software. Produced PVC/CA membranes were characterized using Scanning
electron microscopy (SEM), Thermo gravimetric analysis (TGA) and tensile testing. The perfor-
mance of prepared PVC/CA membranes has been examined using a homemade lab-scale desalina-
tion-testing unit to study salt rejection and water permeate flux. The results established that a PVC/
CA blended membrane with 14% PVC and 2% CA, at 30 bars of pressure, achieves salt rejection of
99%, 99.2% and 99.6% from feeds with salt concentrations of 45000, 18000 and 5000 ppm respectively.
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1. Introduction

Lately, membrane separation technology is getting
higher penetration into engineering applications of filtra-
tion and separation of liquid streams and gaseous mixtures.
Membranes excelled in treatment of industrial effluents
[1-5]. In food and drug industries, ultrafiltration (UF) mem-
branes are used to fractionate macromolecular solutions. In

*Corresponding author.

medical applications they excel in removing toxins from the
blood stream by dialysis [6-8].

Reverse osmosis (RO) technology employs a semiper-
meable membrane to separate ions, molecules, and very
tiny particles from water. An applied pressure is used to
overcome osmotic pressure, where the solute is retained on
the pressurized side of the membrane and the treated water
passes to the other side [4-9]. Recently, RO membranes are
used to produce drinking water from seawater, wells, and
groundwater via desalination [1-3].
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The most common polymeric membrane preparation
process is phase inversion process, where a polymer is dis-
solved in an appropriate solvent and is cast using a film
applicator on a substrate such as glass or Teflon. The cast
membrane is immersed in a liquid bath as water for coag-
ulation; during that a homogeneous polymer membrane
is formed. The formed membrane contains a network of
uniform pores [3,9,10]. This process allows for polymer
blending.

Polymer blending can lead to improving membranes by
combining the properties of the mixed polymers, such as
hydrophilicity, hydrophobicity, performance, and rejection
percentage [11-13]. By blending PES with cellulose acetate
(CA), improved membranes were produced with salt rejec-
tion of 99% and permeate flux of 21 kg/m*h for 6000 ppm
salty water concentration [14,15]. Addition of metal organic
compound such as Mn(acac)®in the polymer solution mix-
ture of polyethersulfone led to improving the hydrophilic-
ity of the prepared membrane [11]. Blending PES polymer
with titanium dioxide nanotubes also can improve mem-
brane hydrophilicity, then membrane performance, where
the rejection percentage reached to 99% with a permeate
flux of 18.2 kg/m?h for 8000 ppm salty water [13]. Also,
the selection of appropriate solvent is a significant factor for
successful blending of polymeric solutions [11].

Actually, the membrane separation technology has
proved faster, more efficient, and more economical than tra-
ditional separation techniques [1-5]. However, lowering the
cost increasing durability and performance of membranes
will allow better chances for its application.

The objective of this work is to investigate blending
of cellulose acetate (CA) and polyvinylchloride (PVC) to
produce low cost, durable large scale RO membranes that
can be used in production of spiral wound modules. In this
study, the effect of blending ratios between the two poly-
mers was investigated. In first stage experimental design
software was employed to arrange the experiments and
facilitate exploring the optimum conditions. In the second
stage, the blended membranes were prepared. In third
stage, the membranes were characterized using SEM, TGA,
BET area and tensile testing. In last stage, the performance
of the prepared membranes was investigated using a desali-
nation-testing unit.

2. Materials and methods
2.1. Materials

Analytical grade N-methylpyrrolidone (NMP) solvent,
polyvinylchloride and cellulose acetate polymers were sup-
plied by Sigma-Aldrich. Fluka supplied polyethylene gly-
col (PEG 400), which was used as a plasticizer.

2.2. Design of membrane preparation experiments using
factorial design software

A factorial design with response surface methodology
(FDRSM) using Design Expert software version (8.0) has
been adopted to decrease the number of membrane prepa-
ration experiments. The factorial design helped to deter-
mine optimum percentage of polymers to fabricate higher

performance of RO blend membranes. Performance was
evaluated based on salt rejection percentage and permeate
flux. For the study, Polyvinylchloride (PVC), denoted as A,
and Cellulose Acetate (CA), denoted as B, were blended.

2.3. Fabrication of PVC/CA blend membranes

Large-scale PVC/CA blend membranes were prepared
using a homemade batch-casting machine. The casting
machine was designed and fabricated in our lab. It pro-
duces membrane sheets of up to 110 cm length and 65
cm width. Fig. 1 shows the batch-casting machine. The
machine was designed to prepare phase inversion mem-
branes induced by immersion precipitation method within
the machine.

Experiments showed that mixing speeds higher than
400 rpm increases the air bubbles inside the polymeric solu-
tion due to its high viscosity. Accordingly, for the current
study, the agitation speed was fixed at 400 rpm for all poly-
mer solution preparations. The prepared casting solution
of PVC/CA in NMP was cast onto a glass plate. The glass
plate was immersed in pure water. After membrane coag-
ulation, the membrane was stored in another fresh water
bath for 24 h to guarantee complete phase inversion and to
ensure complete removal of solvent residuals [3-6].

By varying PVC/CA concentrations, different RO
membrane grades were produced. Table 1 displays the
compositions, which were used to prepare PVC/CA blend
membranes. In order to minimize the experimental errors

Fig. 1. Batch casting machine.

Table 1
Polymer blend solutions composition
Membrane type PVC % CA% PEG% NMP%
M1 16 2 1 81
M2 16 1 1 82
M3 15 1 1 83
M4 14 3 1 82
M5 14 2 1 83




H. Abdallah et al. / Desalination and Water Treatment 116 (2018) 29-38 31

each type of membranes has been prepared at least three
times, to ensure repeatability of properties.

2.4. Membrane characterization
2.4.1. Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) has been used to
investigate the morphology of PVC/CA membranes. The
cross-sectional images of the membranes were taken using
a JEOL 5410 scanning electron microscope (SEM). The test
was conducted at a voltage of 20 kV.

2.4.2. Mechanical properties

Mechanical properties of PVC/CA blend membranes
were studied to determine the effect of PVC and CA percent-
ages on membrane strength. The tensile strength and elon-
gation of the membranes were measured using mechanical
testing system (INSTRON-5500R). The gauge length and
width of dumbbell tensile specimens were 6.2 mm and 0.16
mm, respectively. The tensile strength and elongation have
been measured several times (at least three times) in order
to minimize experimental errors and the results have been
reported as an average [12].

2.4.3. Membrane porosity and BET area

Porosity and inner surface area of prepared membranes
were determined using the Brunauer-Emmett-Teller (BET)
method. Samples of known weights of the membrane were
cut into strips and placed in the glass column of the appa-
ratus, dried and degassed by heating at 80°C for 3 h. The
average area was determined using the BET single point
technique. Also, the porosity of prepared blend membranes
were determined.

2.4.4. Thermo gravimetric analysis (TGA) and differential
scanning calorimetry (DSC)

The TGA was carried out using thermal analysis instru-
ment SDT Q600 V20.9. Samples of 1.8 mg of the membrane
of highest salt rejection and pure PVC membrane, for com-
parison, were heated from 30 to 350°C at a heating rate of
10°C/min under nitrogen atmosphere. The DSC measure-
ments of all prepared membranes’ samples were carried out
using the same instrument at a heating rate of 10°C/min
under nitrogen atmosphere.

2.5. Membrane performance measurements

The membrane performance experiments have been
carried out using a homemade laboratory desalina-
tion-testing unit shown in Fig. 2. This system contains a
stainless steel flat sheet membrane testing module that
houses 11cm diameter membrane samples. The module is
featured with three ports for feed (salty water), concen-
trate, and permeate. Membranes were tested for capacity
of water separation at different salt concentrations of 5000,
18000 and 45,000 ppm. Synthetic salty water was continu-
ously fed to the membrane testing module from a feeding

tank using a high-pressure pump. The product has been
collected from permeate output to determine flux and
rejection percentage.

The experimental water flux | (L/m?h) is given by the
following equation [11]:

Vv

LU:E

@)
where V is the volume of pure water permeate (L), A is the
effective area of the membrane (m?), t is the permeation
time (h).

The total dissolved solids (TDS) of the produced water
were measured using a conductivity meter of model Adwa
(AD 310), EC/temp meter is made in Romania. The salt
rejection (R %) was conducted in triplicates for each mem-
brane and the averages were calculated using the following
equation [11]:

R, % = —&*100 )
] Cf

where C, — feed bulk concentration (ppm); Cp — permeate

concentration (ppm).

3. Results and discussions
3.1. Experimental design

The Factorial design and response surface methodology
(FDRSM) are applied for phase inversion membrane prepa-
ration. FDRSM needs a selection of responses, factors, and
levels. Salt rejection percentage and permeate flux (L/m?h)
responses were chosen to reflect the efficiency of membrane
performance. The factors included in this study are mixing
temperature, polymer (A) weight percentage, and polymer
(B) weight percentage. The maximum and minimum levels
for each factor were chosen as following, temperature (from
25 to 60°C), polymer A (PVC) weight percentage (from 0
to 20%), and polymer B (CA) weight percentage (from 0
to 20%). According to FDRSM analysis, 20 runs had to be
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Fig. 2. Desalination testing unit and schematic diagram of the
test chamber.
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conducted using these operating conditions. The process
factor coded model equation, for salt rejection percentage
response can be calculated from the following equation
(predicted by the software):

SR% =80+7.66A +2.25B+1.05C +3.21A.C
+4.26A.B+9.31B.C + 4.75A + 5.8B” +6.8C”

®)

where SR% is salt rejection percentage; A is PVC polymer
percentage; B is CA polymer percentage; C is the tempera-
ture in Celsius degree.

Process factor coded model equation for permeate flux
response (L/m?h) can be calculated from the following
equation (predicted by the software):

Flux=89+8.5A +4.14B+1.06C+5.42A.B+6.12A.C

)
+3.22B.C +5.82A% +1.85B +8.43C”

Figs. 3a and b show the contours and the three-dimen-
sional response surface of salt rejection percentage as a
function of polymers composition percentages (A and B) at
the low-level temperature (25°C). FDRSM model predicted
the salt rejection to be in the range of 85-95%. The model
predicted that increases of polymer (A) weight percentage
and decreases of polymer (B) weight percentage would
lead to an increase in salt rejection percentage. Theoreti-
cally, increasing main polymer content would decrease the
pores sizes, which would increase the salt rejection per-
centage [15].

Rejection (%)

B: PolymerB (%)

A Polymer A (%)

(@)

Rejection (%)

(b)

Fig. 3. FDRSM model solution of salt rejection percentage as func-
tion of polymer A and polymer B composition at 25°C, where (a)
contour graph and (b) three dimension response surface plot.

Figs. 4a and b illustrate the predected contours and the
three-dimensional response surface of permeate flux as a
function of the polymers composition percentages (A and
B) at the low-level temperature (25°C). FDRSM model pre-
dected permeate flux to be in the range of 90-110 L/m*h.
Increasing polymer (A) weight percentage and decreasing
polymer (B) weight percentage would lead to a decrease in
permeate flux. This, theoretically, is attributed to decrease
in the membrane pores sizes, which would enhance the salt
rejection percentage but would decrease the permeate flux
[9,15].

Increasing polymer solution concentration causes
thickness increase of the active dense layer, which lead to
increase of salt rejection. Mainly, increasing of polymer con-
centrations in the casting solution lead to decrease mem-
branes porosity, as a result of this slows down the de-mixing
process, leads to a much higher polymer concentration at
the interface [9,15,16], and increases the thickness of the top
layer and decreases the porosity of the membrane.

Figs. 5a and b show the contour and the three-dimen-
sional response surface for salt rejection percentage as a
function of polymers composition (A and B) at the high-
level temperature (60°C). FDRSM model predicted a salt
rejection percentage in the range of 75-90%. Increasing
polymer (A) weight percentage and decreasing polymer
(B) weight percentage leads to an increase in salt rejection
percentage. Increasing mixing temperature caused a drop
in salt rejection percentage. The salt rejection percentage
dropped from 95% to 90% by increasing the mixing tem-
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Fig. 4. FDRSM model solution of permeate flux as function of
polymer A and polymer B composition at 25°C, where (a) is con-
tour graph and (b) three dimension response surface plot.
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perature from 25 to 60°C. Increasing mixing temperature
decreases the viscosity of the polymer solution leads to fast
rate of coagulation during membrane casting [15,16], which
in turn leads to decrease in membrane top layer thickness
and, consequently, decreases salt rejection percentage.

Figs. 6a and b show the contour and the three-dimen-
sional response surface of permeate flux as a function of
polymers composition (A and B) at the high-level tempera-
ture (60°C). FDRSM model predicted that permeate flux
would be in the range of 80-130 L /m*h. Increasing polymer
(A) weight percentage and decreasing polymer (B) weight
percentage would lead to a decrease in permeate flux, as
discussed earlier, but improves salt rejection.

While increasing polymers mixing temperature from
25 to 60°C improved membrane flux and decreased salt
rejection [16]. Increasing polymers content of A and B
with a high temperature of the polymeric solution, leads
to improvements in the permeate flux from 80L/m?*h
to 130 L/m*h but with a decrease in salt rejection, this
may be due to voids and cracks can be formed in mem-
branes after casting step according to mixing delayed for
very high polymer content concentration [9,16]. Increas-
ing polymers mixing temperature enhanced the mem-
brane permeate while the salt rejection decreased, where
increasing the main polymer (A) percentage and using
low percentage of polymer (B) decreased the flux and
improved the salt rejection, which was matched with the
performance results due to increase in dense top layer
thickness of formed membranes.
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Fig. 5. FDRSM model solution of rejection percentage as func-
tion of polymer A and polymer B composition at 60°C, where (a)
contour graph and (b) three dimension response surface plot.

In our case, the polyvinyl chloride (PVC) has good
mechanical strength, abrasion resistance, chemical stabi-
lization, thermal properties, corrosion resistance and low
cost. Using high percentage of PVC can produce hydropho-
bic membrane, while cellulose acetate (CA) membranes has
moderate flux, high salt rejection, cost effectiveness, hydro-
philic nature, and is non-toxic. On the other hand, cellulose
acetate is not suitable for aggressive cleaning processes
due to its low oxidation and chemical resistances, and its
poor mechanical strength. By blending PVC with CA, pre-
pared membranes would exhibit favorable properties of the
two polymers and would have a very good performance.
However, the presence of acetyl groups in cellulose acetate
seems to influence the blended PVC/CA and causes pro-
duced membranes to be hydrophilic, which enhances anti-
fouling properties and leads to improvement in permeate
flux and salt rejection [17-20].

3.2. Membrane characterization
3.2.1. Scanning electron microscopy (SEM)

SEM images of prepared PVC/CA blend membranes
are shown in Figs. 7-11. Fig. 7 shows the SEM image of the
membrane M1 that was made of 16% PVC and 2% CA. The
image shows a thin top dense layer and a spongy like struc-
ture with little finger like structures in the sub-layer. Fig.
8 illustrates the SEM image of the membrane M2 that was
prepared using 16% PVC and 1% CA. The membrane has
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Fig. 6. FDRSM model solution of permeate flux as function of
polymer A and polymer B composition at 60°C, where (a) con-
tour graph and (b) three dimension response surface plot.
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Top surface

Fig. 7. SEM photos of prepared membrane (M1), thickness 230 pm.

Top surface

Fig. 8. SEM photos of prepared membrane (M2), thickness 200 pm.

Top surface

Dense top layer

Fig. 9. SEM photos of prepared membrane (M3), thickness 90 pm.

Top surface

-

Dense top layer

Fig. 10. SEM photos of prepared membrane (M4) thickness 109 pm.

Top surface

Cross section’’

Fig. 11. SEM photoof prepared membrane (M5) thickness 150 pum.

finger-like pores with a thicker wall. The tope dense layer
of M2 is thinner than M1. The thinning of M2 dense layer is
attributed to the decrease in CA weight percentage. During
coagulation, the de-mixing of M2 was faster than M1. Fig. 7
and Fig. 8 indicate that the top dense layer is formed mostly
from CA while the bottom layer is formed mostly from PVC
[17-32].

Fig. 9 shows the SEM image of the membrane M3 that
was prepared using 15% PVC blended with 1% CA. In
this case, the dense top layer followed by large finger
likes porous structure in sub-layer. The decrease of PVC
percentage content to 15% increased the pore sizes of sub
layer, which would lead to improvment in the permeate
flux.
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Fig. 10 shows SEM image of the membrane M4 that
was prepared using 14% PVC and 3% CA. The asymmetric
membrane has fingers-like pores structure with a dense top
layer, which indicates that the membrane can provide good
permeate flux. During coagulation of M4, fast de-mixing
has taken place in the coagulation bath. However, decreas-
ing the PVC percentage to 14% and increasing CA percent-
age to 3% improved the asymmetric shape of the membrane
structure and increased the dense layer thickness. M4 has a
total polymer content of 17% compared to M3, which has
less polymer content [16,19].

Fig. 11 shows the SEM image of the membrane M5 was
prepared using 14% PVC and 2% CA. The membrane has
asymmetric finger-like pores with a thick wall and dense
top layer, which indicate that M5 can provide good perme-
ate flux and good salt rejection percentage. The structure of
M5 is attributed to rapid clustering of polymer segments
into groups, which minimizes the polymer molecules inter-
action with non-solvent, [19-21].

The SEM images of the prepared PVC/CA membranes,
as shown in Figs. (7-11), indicate that the structure of the
membrane appears to be pore-free on the top (air side)
but highly porous on the bottom (glass side) surfaces. The
prepared membranes samples appeared to be asymmetric
membranes, which mean that these membranes compose
of numbers of layers each layer has different morpholog-
ical structure like dense layer on the top surface, finger
like structure in the middle layer and porous layer in the
bottom, [2]. Accordingly, the structure and performance
can be used to classify membranes desalination capacity.
Figs. 7-11 show that M1, M2, M3, M4 and M5 membranes
have an active thin dense top layer, where the thickness of
membranes are 230, 200, 90, 109 and 150 um respectively,
the thickness of membranes were measured using digital
thickness tester. According to that, these membranes could
be classified as RO membrane based on salt rejection per-
centage. Thus, the performance test of the prepared mem-
branes have been tested to check that.

3.2.2. Mechanical properties

The large-scale blended PVC/CA membranes were
fabricated, using the casting machine shown in Fig. 1, for
application in pilot scale parallel flat sheet modules or spi-
ral wound modules. Accordingly, mechanical properties of
membranes are of high importance and had to be tested.
The testing results, Fig. 12, indicate that the membrane M1
has the highest tensile strength and elongation, which were
25.2 kg/cm? and 8% respectively. Results show that tensile
strength of M5, M2 and M4 were close to each other and
close to tensile strength of M1. Tensile strength of M5, M2,
and M4 were 24.6, 24.2 and 23.4 kg/cm? respectively. M3
ranked the last with only 20 kg/cm? In elongation test-
ing, M1 ranked first with M5, M4 and M2 trailing with
close results of 8% 7.5% 7% and 6.7% respectively. Again
M3 ranked last with only 4.5%. The results indicate that
the higher capacity of the blend membranes to withstand
higher feed pressures could be given as M1, M5, M2, M4
and M3, respectively. Although, M4 ranked slightly better
than M2 in elongation test, the difference in elongation test-
ing would not overweight the difference in tensile strength
favoring M2.
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Fig. 12. Mechanical properties of blend membranes PVC/CA
(M1-M5).

3.2.3. Membrane porosity and BET area

Porosity and inner surface area of prepared blend mem-
branes were determined and illustrated in Table 2. Results
showed that the mean pores diameter of M1 and M5 are
close to each other; 6.7 and 6.4 nm. This is attributed to the
dense top layer and the asymmetric structure of M1 and M2
membranes. Cellulose acetate as a second polymer plays the
main role in the dense top layer formation, where it controls
the polymeric solution viscosity. The time of the membrane
formation after coagulation step depends on the speed of
the de-mixing step of phase separation [16-19]. M2 and M3
have a weight percentage of 1% cellulose acetate (CA) in the
polymeric solution, leading to porosity of these membranes
to be higher than M1 and M5, due to the decrease in thick-
ness of the dense top layer. However, M4 has high porosity
40.3% compared to M1 and M5 due to having 3% CA in its
polymeric mixture, which led to fast de-mixing step during
phase separation process. Fast de-mixing led to formation
of asymmetric fingers-like pores, which, led to the increase
in M4 porosity as shown in membrane SEM section.

3.2.4. Thermo gravimetric analysis (TGA) and differential
scanning calorimetry (DSC)

The TGA curves of the prepared membranes PVC with-
out the addition of CA (continuous lines) and blend mem-
brane M5; PVC/CA (dashed lines) are shown in Fig. 13. It
has been seen in the literature that the thermal degradation
of CA starts at 260°C without any additives [30]. In current
study, results in Fig 13 show that combination of CA and
PVC provides an increase in thermal stability, as PVC/CA
blend membrane shows that thermal degradation starts
at 320 C, which is higher than thermal degradation start
point of pure CA (260°C) and pure PVC (289°C). The glass
transition temperature was measured from DSC curves as
shown in Fig. 13 to interpret the structure of membrane
during employing a thermal analysis on a membrane. Blend
membrane PVC/CA provides the highest glass transition
temperature which is 72°C compared to that of pure PVC
membrane (65°C). Given that, glass transition temperature
of pure CA is reported in literature as 55°C [30]. Higher
glass transition temperature means that the membrane has
high free volume fraction and more flexible structure [31].
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Table 2
Measurement of BET area and pores characterization

Membrane BET area Mean pore Porosity %
type m?/g diameter (nm)

M1 8.03 6.7 301

M2 6.2 8.5 34.3

M3 2.55 272 45.2

M4 5.7 11.5 40.3

M5 6.7 6.4 29.5

15 120

PVC membrane
---- PVC/CAmembrane

054

0.0

Heat Flow (W/g)
&
!
g
Weight (%)

Temperature Difference (°C)

Sl

E) 100 150 200 2%0 30 350
Temperature (°C)

Fig. 13. TGA and DSC measurement for blend PVC/CA mem-
brane and PVC pure membrane.

3.3. Membrane performance measurements
3.3.1. Effect of membrane type on performance

The performance test of the prepared PVC/CA mem-
branes was conducted to classify the fabricated membranes,
for which salty water they would be able to desalinate. The
test also aimed at ensuring that the produced membranes
morphology is free of defects, to ensure its suitability for
industrial scale applications. The performance of the fabri-
cated membranes was evaluated and plotted in Figs. 14,15.
The results indicate that the addition of CA affects mem-
brane’s salt rejection and permeate flux. Results showed
that, polymeric solution with 14% PVC and 2% CA pro-
duces the membrane with best performance. The addi-
tion of CA along with non solvent PEG to the polymeric
solution leads to acceleration of the phase separation rate
that restricts the aggregated polymers rearrangement and
would produce a membrane with dense layer and asym-
metric structure [19,30,32].

Figs. 14, 15 show the performance of prepared mem-
branes in terms of salt rejection percentage and permeate
flux respectively. The experiments were performed under
fixed operating pressure of 30 bars using different salt con-
centrations (5000, 18000 and 45000 ppm) to determine the
desalination capacity of these membranes. Figs. 14, 15 show
that the membranes have a high salt rejection starting from
97% up to 99.6%, and a good permeate flux starting from 22
up to 95 L/m?h. Results showed that that M5 has the best

W 5000 ppm

= 18000 ppm

Salt Rejection %

a7.5 B 45000 ppm

M1 M2 M3 M4 M5

Blend Membranes { PVC/CA)

Fig. 14. Salt rejection percentage of blends membranes PVC/CA
(M1-M5) at 30 bar.
E 45000 ppm

80
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p | HNEEES NSNS AT e e |
M1 M3

Blend Membranes (PWC/CA)

Fig. 15. Permeate flux for of blends membranes PVC/CA (M1-
M5) at 30 bar.

salt rejection, and would be suitable for seawater desalina-
tion. All membranes proved to be capable of brackish water
desalination. Therefore, these membranes can be classified
as RO membranes and are suitable for water desalination.

Most prepared polymeric RO membranes in this work
and in reviewed works have thickness in the range of
70-200 pm [28-32]. In general, RO membranes should carry
pressures up to 80 bars to overcome the osmotic pressure of
saline sea water [1-4,28-32]. Accordingly, these membranes
must be supported by fabrics or metal porous supports. In
our work, we support the prepared membranes by a fine
porous stainless-steel support disk during desalination test,
as shown in Fig. 2. The membrane samples are sandwiched
between two stainless steel screens to enable them to with-
stand the required high pressures.

3.5. Model verification

The experimental results of salt rejection and permeate
flux indicate matching with the FDRSM predicted results,
due to increasing the PVC polymer percentage with an
appropriate proportion of CA performed reverse osmosis
membranes with asymmetric structure. According to the
experimental results and FDRSM predicted results, the pro-
duced membranes were classified to which kind of salty
water it can desalinate. As shown in Table 3, M5 is classified
to be suitable for high salinity sea water desalination. M1
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Table 3
Classification of produced membranes for water desalination

Membrane Salty water concentration
1000-5000 ppm 5000-10000 ppm 10,000-20,000 ppm 20,000-35,000 ppm 35,000-45000 ppm
M5 v v v v v
M1 v v v v
M2 v v v
M4 v v
M3 v

v : means the membrane can be used to desalinate water with this salt concentration, while the

: means best region for using this membrane.

can be used in sea water and high brackish water desali-
nation. Also, M5 and M1 can be used to desalinate a wide
range of salty water concentrations. M2, M4 and M3 can be
used to desalinate different grades of brackish water.

The compatibility between PVC with CA was achieved
by producing different kinds of blend membranes, where
the membranes pores sizes were shifted to small pores size
depending on the CA percentage. Moreover, hydrophilic-
ity of the membranes increased with increasing CA content
which is attributed to the acetyl group in cellulose acetate
chains. Increasing the hydrophilicity of membrane led to
improvement in the permeate flux. Also, decreasing the
sizes of membrane pores increased membrane’s dense top
layer and provided high salt rejection [33].

4. Conclusions

PVC/CAblend membranes have been prepared success-
fully by phase inversion process. The factorial design with
response surface methodology (FDRSM) was employed
using design experiment software to determine optimum
conditions for PVC/CA RO blend membranes preparation.
Prepared membranes have been characterized using SEM
and by investigating the membranes mechanical properties,
the following conclusions can be drawn from the present
work:

a) The factorial design with response surface meth-
odology results indicated that increasing polymers
mixing temperature from 25 to 60°C improved
membrane flux and decreased the salt rejection,
while increasing the main polymer (A) percentage
decreased the flux and improved the salt rejection,
which matched with the performance results due to
dense top layer of produced membranes.

b) SEM results showed that the prepared blend mem-
branes have a dense top layer and an intermediate
spongy like structure whereas the bottom layer is
highly porous. SEM images illuminate a good inter-
action between PVC and CA.

¢) M1 membrane showed the best mechanical proper-
ties compared to other prepared membranes, with a
tensile strength of 27 kg/cm? and 10% elongation. It
also has ranked the second in salt rejection capacity.

d) The performance test of prepared membranes was
carried out using various salt concentration, the
results show that membrane M5 (PVC 14% and
CA 2%) provides highest salt rejection. Also, it has
ranked the second in mechanical properties test.
Accordingly, membrane M5 can be used in seawater
desalination, while other membranes can be used in
brackish water desalination.
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