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surface in alkaline medium

Abstract

The impact of electric potential on the dimensional characteristics and membrane surface
morphology was investigated in this work. Our study samples comprise hollow fiber (HF)
Polysulfone (PS) membrane. Conductive additives have been incorporated within the
membrane matrix at the desired predefined concentration. The DC operated electrochemical
apparatus consists of graphite anode and stainless steel cathode. The voltage and current
density ranges are 2 to 10volts and 0.01 to 1.4mA/mm? respectively. These investigations
have been conducted in alkaline medium at pH=8.5. The results of this work revealed
essential changes of hollow fiber (HF) dimensions, including external (DO), internal (DI)
and membrane thickness (t). The maximum decrease of DO, DI, and t were 13%, 15%,
and 11% respectively at Svolts. EDX analysis showed the maximum sodium ions of about
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Introduction

Membrane separation is a fundamental unit operation for water
treatment and desalination.! Currently, Egypt suffers from water
shortage problems due to the increase in water demand and the
limited available surface or groundwater supplies. The suggested
solution to overcome the current situation is a rationalization of
water consumption, adoption of water treatment and reuse programs
in addition to water desalination. Water treatment and reuse projects
may include numerous membrane separation processes such as
microfiltration (MF), ultrafiltration (UF), and nanofiltration (NF).
On the other hand, brackish and seawater desalination depends
principally on electro-dialysis, nanofiltration and reverse osmosis.
With such increasing dependence on membrane separation, it is
important to improve the characteristics of separation membrane and
enhance membrane reliability.>* In particular, membrane flux, solute
rejection, and fouling come as the priority of membrane development,
manufacture, and operation. Polysulfone (PS) material has been used
in membrane fabrication due to its excellent physical and chemical
properties such as thermal stability, good mechanical strength,
and good chemical resistance to several materials in different pH
range. PS membranes applications include water desalination,
hemodialysis, wastewater treatment, water desalination, food and
drinking processes, membrane distillation and gas separation.*¢

Although of these advantages, there are two major drawbacks in
the use of PS membrane: fouling and hydrophobic properties. Many
studies have been done to overcome these problems by finding new
techniques for PS membrane surface modification.”® Some authors®'*
used a combination of electrochemical cell and membrane system for
the enhancement of the filtration process during treatment of different
wastewater sources and mitigate membrane fouling. Removal
efficiencies of COD, orthophosphate, ammonia, and nitrogen
compounds using the current density of 12.5A/m? reached to 95%,

85%, and 80% respectively using Poly-vinylidene-di-fluoride (PVDF)
hollow fiber membrane with stainless steel electrodes.” The removal
efficiency of COD was more than 95% at different voltages tested
0.5, 0.7, 0.9Volt when using Nickel as a cathode and graphite fiber
brush as anode.'® Membrane filtration and fouling reduction were
enhanced by about 44% at a current density of 0.5mA/cm? applied
on HF membrane filtration. The adopted electrodes were aluminum
anode and stainless steel cathode."! With the aid of electric current
from electrodes composed of the aluminum anode and stainless steel
cathode, membrane fouling reduced three times than without using
electric current in the treatment of synthetic wastewater.'> Applying
a voltage of 10mV on PVDF hollow fiber membrane on filtration
of cheese wastewater and synthetic solution showed 90% removal
of COD and 69% of total inorganic nitrogen compounds with aid
of carbon cloth electrodes.” Increasing of flux was observed when
electric field strength from 15 to 20V/cm was employed in a reactor
consisting of polypropylene hollow fiber membrane and electrodes of
stainless steel material in the treatment of urban domestic sewage.'*
Some studies investigated the effect of electric current as a post-
treatment on membrane surface materials. The effect of electric field
on (PVDF) microfiltration membranes has been studied and succeeded
in imparting piezoelectric properties to the membrane due to the polar
effect of the electric field. Filtration experiments of polyethylene glycol
(PEG) showed a decrease of fouling and enhancement of membrane
flux after polar treatment.'>'® Changing membrane microstructure and
membrane topography have been confirmed by using electric field
treatment on different selected membrane surfaces including; MF,
UEF, NF, and RO membranes. The results of the treated membranes
showed a decrease in surface roughness. Membrane performance was
also affected where the filtration experiments showed a flux decline
and high rejection.'”!® The purpose of the present study is to study
the electric field effects on HF membrane surface morphology and
chemical compositions.
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Materials and method

Materials

Two different dimensions of HF polysulfone (PS) membranes
were supplied by National Research Centre (HF project). Membranes
(A) and (B) have the same composition. Membrane (A) dimensions,
including outside diameter, inside diameter and wall thickness, are
356, 172, & 92um respectively, and membrane (B) dimensions are
409, 223, and 93pm. Sodium acetate (anhydrous, 99% purity) and
acetic acid glacial (99.7% purity) were purchased from (Alpha
chemika, India).

Electrochemical cell design

Two electrodes were used with the following dimensions: the
diameter and the height of graphite anode were 2.1 and 17cm
respectively. The corresponding dimensions of stainless steel cathode
cylinder diameter were 10.3cm and height 13.5cm. Two-liter beaker
was used as the electrochemical cell. The electrolyte volume solution
was 1.5liter in all experiments. A laboratory DC power supply (Gw
GPR-3030, USA) with range (0-32 voltage) and (0-3.2 Ampere) was
used.

Electrochemical treatment

HF membrane bundles had been fitted vertically in the cell
between graphite and stainless steel electrodes, the distance between
electrodes was 4.1cm. The cell was submerged in 2000ml cylindrical
container containing 1500ml of sodium acetate (0.1 M) as the
electrolyte solution. The HF membranes after that were exposed
to different electric potential from 2 to 10volts and from 0.01 to
1.7amperes, and current density from 0.01 to 1.4mA/mm? in alkaline
medium (pH=8.5) for a time period from 15minutes to 2hours. Figure
1 shows the electrochemical cell set-up design. After the treatment,
the membranes were rinsed with (RO) water and dried before
characterization experiments.

Anodic electrode

Electrolyte
solution

-

-

4.1 cm

Hollow <

fibers Cathode

Electrode

[

Characterization and measurement

'g.

Figure | Experimental set-up.

Scanning electron microscopy (SEM)

HF membranes structure details were investigated using (JEOL
JCM-6000apparatus). The inner, outer diameters and thickness of
membranes were examined by cutting HF membranes to cross-
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sectional samples using a sharp blade and exposed to sputter device
for 0.5minutes to coat the samples with golden layer and fixed with a
paper clip and put inside the stage holder.

Energy-dispersive X-ray spectroscopy (EDX)

Elemental analysis of the membrane surface was investigated
using the EDX device attached to (SEM, JEOL JCM-6000 apparatus).
Fibers were cut and put under x-ray spectrum using a probe with high
current 15volt and high vacuum mode.

Results and discussion

Electric double layer and electrolysis reactions

Membrane surface when contacted with an aqueous solution,
begins to acquire an electric charge. After that electrostatic interaction
formed due to the interaction between membrane surface charge
and surrounding ions in the solution."” Attraction or repulsion forces
occurred depends on the membrane surface charge and charge of
ions carried under the effect of the electric field. The distribution of
ions in the solution and its interaction with the membrane surface
are described by the electric double layer. Dissociation of membrane
functional groups depends on the pH and concentration of the
electrolytic solution. According to previously described, PS membrane
in this work when coming into contact with sodium acetate ions in
the existence of the electric field, membrane surface dissociates to
form a negative charge due to the occurrence of special additives. The
sodium acetate is decomposed to acetate anions and sodium cations
causing the formation of electrostatic forces and adsorbing of sodium
ions on the membrane surface. Reactions that formed at the anode and
the cathode are:

CH,COONa — CH,CO0™ + Na*t

H,0 SH voH™

Anode (oxidation reaction):

0

2CH,COO0™ —2CH,COO" —CH

3 3 -CH

+ CO2

3 3

(Kolb's reaction)

40H —0, +2H,0 +4e
Cathode (reduction reaction):

Na© + R-OH (on membrane surface) > R-ONa+ H'

2HT + 2¢ > H,

Oxidation reactions are formed at the anode, one for acetic
ions where it is oxidized to form ethane gas and carbon dioxide
according to Kolb’s electrolysis reaction” while the other reaction
is the oxidation of hydroxyl ions to form oxygen gases. Reduction
reactions are formed at the cathode reaction where the sodium ions are
adsorbed on the membrane surface and forming hydrogen ions which
are reduced to form hydrogen gas. The reasons for selection graphite
electrode as anode due to relatively cheap, good electrical and thermal
conductivity and less corrosive in low voltage and current,?’ while
Stainless steel use as cathode due to high corrosion resistance, high
conductivity, and mechanical strength, hence combining Carbon and
metal materials can help in giving the best results.?
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Effect of electric current on elemental composition

Chemical composition ofuntreated HF membrane contained carbon,
nitrogen, oxygen, and sulfur. When compared with electrochemically
treated HF membranes, new ions of sodium have been observed in all
conditions of voltage treatment and a small change in other elementals
mass percent. Table 1 shows the mass percent composition of HF
membrane before and after electrochemical treatment at pH=8.5.

Table | Mass percentage composition of HF membrane surface in alkaline
medium.

Mass percent %

Volt treatment C N o Na S

Untreated 4791 17.23 26.6 0 8.25
2 45.49 20.4 25.46 022 843
2.5 46.39 18.55 26.66 0.84 756
5 47.79 17.4 26.23 038 818
7.5 484 17.05 26.53 022 778
10 45.75 19.26 26.65 0.19 817

In an alkaline medium with the increasing voltage applied, the
concentration of functional groups of membrane surface increased
and negative surface charge increased leading to an electrostatic
repulsion between negative ions in the submerging solution and
negative charges on membrane surface which has been described
previously with electric double layer phenomena. From EDX analysis
data, we could conclude that when electric potential is applied on
the membrane surface in alkaline medium, hydrogen liberation
occurs on the membrane surface and exchange hydrogen ions with
the positive charge ion (sodium ions) adsorbed on the membrane
surface and slight increase of potential led to the formation of more
sodium ions. When potential exceeds 2.5volts the electrolysis impacts
the membrane surface and some sodium ions were stripped away.
Although 2.5volt-treatment gives a higher indication of sodium ions
in the alkaline medium for one-hour treatment, we studied the time
variation at 5 volts to know if it would give the same mass percent of
2.5-volt treatment at less time or not. Table 2 shows the variation of
time at 5-volt treatment and the higher content was 0.62 after at 30min
which was less than 0.84 % mass at 2.5-volt treatment t at 1-hour.

Table 2 Variation of time at 5-volt treatment in alkaline medium.

Volt treatment Mass percent %

(o N (o] Na S
Untreated 4791 17.23 26.6 0 825
I5 min 43.2 19.37 27.14 0.36 7.44
30 min 44.64 19.73 27.46 0.62 7.55
45 min 45.71 19.78 25.92 0.36 823
60 min 47.79 17.4 26.23 0.38 8.18

Effect of electric current on the morphology of HF
membranes surface

SEM images showed that during EC and with the increasing voltage
applied over 2.5volts, more cracks are observed on the membrane
surface. Cracks formation probably due to the high mobility and
movement of ions in the electrolyte solution with increasing electric
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current and applied voltage. Deformation of the surface and cracks
were much bigger in 10-volt treatment. Figure 2 shows cracks formed
on the HF membrane surface for different voltages applied in the
alkaline medium.

Effect of time on membrane surface has been studied where;
membrane treated at Svolts in alkaline medium at 15, 30, 45,
60minutes showed that cracks and deformation began to be formed
after 15minutes on the membrane surface. Figure 3 shows the time
effect on the membrane outer surface in 5-volt treatment.

200 pm

[ 25 pen
SEI PChigh 15KV x110 ’

SEI PCahigh{| 15 kv x 110 3412018 000D03

(d) (¢)

Figure 2 Electrically treated membrane surface at different voltage in alkaline
medium pH=8.5.

(A\) 2-volt treatment (B) 2.5-volt treatment (C) 5-volt treatments (D) 7.5-volt
treatment (E) 10-volt treatment

Figure 3 Time effect on the membrane outer surface in the 5-volt treatment
in alkaline medium.

SEM data showed that electric field forces have the ability to
change membrane dimensions (DO, DI, and thickness). With the
increase of electric current, membrane dimensions decreased as
shown in Figure 4.
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Figure 4 Effects of the voltage applied to membranes dimensions for
membranes A and B.

Table 3 shows the percentage change of dimensions of membranes
(A) and (B) after treatment in alkaline medium at different applied
voltages. Membrane contraction in all dimensions was observed in
5-voltelectrochemical treatment for both membrane types. Calculating
method of the percentage change from the equation below:

Hh-1

N

Where, Y|, Untreated membrane dimensions; Y,, Membrane
dimensions after electrochemical treatment

*100

Table 3 Percentage change of dimensions in membranes A and B after
treatment in alkaline medium.

Percentage change of dimensions

Treatment voltage A DO (%) A DI (%) At (%)
Membrane raw A

2 volts 0 4 -3

2.5 volts -1 -5 3

5 volts -4 -5 2

7.5 volts -3 -9 3

10 volts -3 -7 0

Membrane raw B
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Table Continued

Percentage change of dimensions

Treatment voltage A DO (%) A DI (%) At (%)
2 volts -2 -1 3

2.5 volts -5 -4 -5

5 volts -13 -15 -11

7.5 volts -1 -12 -14

10 volts -10 -13 -6

Table 4 shows examples of the calculating method of percentage
change after 5 and 7.5volts treatment.

Table 4 Calculating method of percentage change.

Treatment voltage = Dimensions  yl y2 zf;); Iolo

Membrane (A)

Svolts DO 356 343 4
DI 172 164 -5
t 92 90 -2

7.5volts DO 356 346 -3
DI 172 157 -9
t 92 95 3

Membrane (B)

Svolts DO 409 356  -I3
DI 223 190  -I5
t 93 83 -1

7.5volts DO 409 365  -lI
DI 223 197  -12
t 93 80 -14

Conclusion

This work focused on the electrochemical treatment impacts
on polysulfone (PS) HF membrane surface morphology, chemical
composition and comparing these results with the untreated membrane
surface. The results indicated the ability of the electric field to change
the membrane surface morphology as membrane dimensions can be
compacted or expanded as confirmed by SEM analysis. Maximum
variations of dimensions DO, DI and thickness were 13%, 15%,
and 11% respectively obtained at 5-volt treatment. Higher potential
voltage above 2.5volts can damage membrane surface and form
cracks in it which were observed with the aid of SEM experiments.
Electrochemical treatment can also change the membrane surface
composition and convert it to a relatively selective membrane as it had
imparted new sodium ions on the membrane surface as confirmed by
EDX experiments. The best conditions were 2.5-volt electrochemical
treatment and 1-hour time duration for which the highest indication of
sodium mass percent was about 0.84% with no deformation detected.
Porosity measurements showed no significant change between raw
and treated membranes. These preliminary findings indicate the
potential of electric fields to control membrane properties which
suggest green strategies for membrane properties tuning. Current
research is underway to explore changes in an acidic environment
and also to identify flux and tensile changes for HF membranes with
controlled additive content.
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