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Fig5.1: Fixed frequency EIS studies for Pt/PSF in the presence of 0.11 M alginic acid and

0.11 M tannic acid

The capacitance response range for PSF was measured as 0.7uF to 1,2 yF Farads. An initial

fast decrease in capacitance was observed which slowed down at cut off time at 35mins for
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tannic acid and for alginic acid the cut off time was 20min. This cut off time was interpreted
as the time for the thin film membrane to become saturated (fouled) with analyte molecule
under diffusion controlled. The average slope for the alginic acid at PSF was calculated to be
3.25 x10® F/m and the standard deviation of the 3 slopes was 5.86 x10-° F/m. For the tannic

acid the slope was 6.31 x10™® F/m and the STD was 1.80 10 F/m.
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Fig5.2 Fixed frequency EIS studies for PSF/Co in the presence of alginic acid and tannic

acid
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The capacitance response range for PSF/Co thin film was observed to be in the range of 1 to
4 F for tannic acid and 0.3 — 0.6 pF for alginic acid. The initial rate of  decrease was
slower. The cut off time for Pt/PSF/Co in the presence of alginic acid and tannic acid was
45min for both analytes. The average slope of the alginic acid was 1.80 x10® F/m and the
standard deviation of the three slopes was 4.32 x10”° F/m. The tannic acid slope was 2.07 x10°
® F/m and the standard deviation was 1.93 x10® F/m. The mechanism of interaction between
PSF/Co and alginic acid resulted in an initial increase in capacitance which may be attributed
to the approach of the alginic acid molecules to the PSF/Co. The higher surface are due to
organised pore structures induced by cobalt nanoparticles as indicated by the SEM image,
may be the reason behind the change in capacitance behaviour observed like a match between
pore size and analyte molecule would allow for penetration of molecule into the PSF/Co
porous network and result in a different adsorptic profile. The initial slope showed high

sensitivity to alginic acid.
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Fig5.3: Fixed frequency EIS studies for PSF/Ni in the presence of (A) alginic acid and (B)

tannic acid

The capacitance response was observed in the range from 0.5 to 0.7 F/m for both the tannic
acid and alginic acid. The slope of the alginic acid at the thin film was calculated to be 7.53
x10™ F/m and the standard deviation was 2.2 x10° F/m. For tannic acid the average slope
was 3.49 x10° F/m and the standard deviation was 1.55 x10® F/m. The decrease in
capacitance was observed at cut off time of 50 min for the tannic acid and for alginic acid the

cut off time was 45 min.

When comparing the results obtained (fig 5.1 — fig 5.3) and the calibration curves in chapter 4
there is a correlation in results. The unmodified polysulfone membrane showed to be non-
linear, lowest sensitivity, lowest limit of detection (LOD) and the shortest cut-off time. For
the modified polysulfone with metal nanoparticles showed linearity, improved sensitivity,
highest LOD and longer cut-off time than the unmodified polysulfone. Unmodified
polysulfone membrane takes the shortest time to fouls which is due to its hydrophobic nature
and the contact angle suggested that the unmodified polysulfone is hydrophobic because of
the highest contact angle value obtained (87°). The modification of the polysulfone with
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metal nanoparticles improved the hydrophilicity of the polysulfone because of the high

sensitivity, longer cut-off time and also the low contact angle values obtained.

Material Slope ( F/m) Standard Deviation | Cut-off time (m)
(F/m)

Polysulfone Alginic acid 3.25x10° | 5.68 x107 20

Tannic acid 6.31x10° | 1.80 x10° 35
Polysulfone/Co Alginic acid 1.80 x10® | 4.32 x10” 45

Tannic acid 2.07x10° | 1.93 x10° 45
Polysulfone/Ni Alginic acid 7.53 x10° | 2.2 x10® 40

Tannic acid 3.49 x10° | 1.55 x10°® 50

Table5.1: Table of results of the polysulfone thin films prepared in the presence of tannic

acid and alginic

These times indicate that polysulfone ummodified fouls in the shortest time and hence

PSF/Co and PSF/Ni shows an improvement in performance because of higher hydrophilicity.

For the dynamic EIS studies the potential was fixed at 0.58V which represents the formal
potential for tannic acid oxidation at these thin films. For alginic acid the potential was fixed
at 0.37 V which represents the formal potential for alginic acid reduction. The frequency
range used was from 100 mHz — 1KHz. The Randles circuit was used to model the data,
where Rs represent the solution resistance, Rct represent charge transfer resistance. The CPE

was used instead of pure capacitor to model the capacitance.

92
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R/ Ohm

Fig5.4: Randles circuit
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R / Ohms
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Tannic acid at fixed potential of 0.58 V and over a frequency of 100 mHz to 1 KHz was

evaluated as concentration dependent response. The electrocatalysis of TA followed typical

diffusion control Kkinetics as evidenced by semi circle at low frequency in the concentration

range evaluated and was modelled as Randles circuit using CPE to model non-homogenous

adsorptic at the interface.
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Fig5.6: EIS plot of (A) PSF, (B) PSF/Co, (C) PSF/Ni and (D) PSF/Ag in the presence of

alginic acid
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Alginic acid electrocatalysis at fixed potential of 0.37 V and over a frequency range of 100
mHz to 1 KHz was evaluated as a concentration dependent response. Alginic acid
electrocatalysis appeared to be influenced by passivating infinite diffusive behaviour as
evidenced by unresolved low frequency impedance arcs. This type of data should best be
modelled as infinite Warburg discussion, but for consistency in data interpretation, the same

RCT circuit was used as for tannic acid.
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Fig5.7: Rct plot of alginic acid at the polysulfone thin films

The PSF/Ag appeared to be insensitive to alginic acid whereas PSF/Co displayed the highest
sensitivity towards alginic acid as evidenced by initial slope. The PSF unmodified was
inconsistent in its response to alginic acid and may require further controlled evaluation.
However the same inconsistency in concentration response was also observed in

voltammetric evaluation (CV, SWV).

95



90

1 —m—PSF
80 1 —e— PSF/Co

1 PSF/Ni
709 —v— PSF/Ag

60 -

50

G ] /
© 404 ] L]
v
] . . ° °
30 o
./ ]
] / — ey
20 //) v vV v
R
- Qﬁ//r//: -;;7
10 -
I/
0 T T T T T T T T T T T T
0 1 2 3 4 5 6
C/mM

Fig5.8: Rct plot of tannic acid at the thin films

The adsorptive behaviour of tannic acid at the different polysulfone films was evaluated
under electrochemical stimulation to induce catalysis. The PSF/Ni films showed the best
quantitative response indicated by the limit of detection which was 2.6 mM when compared
to PSF/Ag and PSF/Co, and highest sensitivity towards tannic acid indicated by the highest
slope which was found to be 2.91 x10° Q / mM. However all films showed a tendency

towards fouling above 2 mM of tannic acid added.
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Fig5.9: Caps plot of PSF, PSF/Co, PSF/Ni and PSF/Ag in the presence of (A) alginic acid

and (B) tannic acid

The capacitance response range for the PSF and modified thin films were consistently in the

range of 1.0uF to 0.1uF as previously detailed by the fixed frequency impedance. However,

further analysis of capacitance under electrochemically was not attempted here since this

would represent capacitance electrochemically induced catalytic control, which is not

relevant to membrane fouling
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Fig5.10: Phase angle plot of PSF, PSF/Co, PSF/Ni and PSF/Ag in the presence of (A) alginic

acid and (B) tannic acid

Evaluating the above plot, phase angle change during the catalysis events confirmed that the
PSF and modified PSF thin films retained their semiconducting nature and hence fouling was

dominated by interfacial film properties such as surface area and analyte loading.

From the fixed frequency, the PSF/Ni showed to have the longest slope of 7.53 x10-9. The
Rct result shows that PSF/Ni films showed the best quantitative response and highest

sensitivity towards tannic acid.
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Chapter 6

This chapter draws the conclusion of the whole work that was done and also the future work.

6.1 Conclusion

Briefly in this study three metal nanoparticles were successfully synthesized by the chemical
reduction method. Three nanocomposites of polysulfone thin films were prepared and
characterized by means of cyclic voltammetry, square wave voltammetry, electrochemical

impedance spectroscopy, contact angle and scanning electron microscope.

The SEM, TEM and EDS confirmed the synthesis of nanoparticles. The SEM images of both
Ni and Co nanoparticles were agglomerated, the agglomeration of the nanoparticles may be
to incomplete reaction or the metal salts were not fully reduced by the reducing agent that
was used. The TEM image of Ag nanoparticles showed the nanoparticles to be well dispersed
and non-agglomerated with the average size of 20 — 50 um. The nanoparticles showed
different shapes like cubic, rods and spherical. In comparing the SEM images of the
unmodified polysulfone membrane with the metal modified polysulfone, the PSF/Ag
nanocomposite showed have larger pores than the PSF/Co and PSF/Ni, followed by the
PSF/Co and the PSF/Ni showed small pores. The unmodified polysulfone membrane didn’t
show pores. The EDS of the modified polysulfone membrane confirmed the incorporation of

the metal nanoparticles into the polysulfone.

The contact angle measurements were done to study the hydrophilicity of the modified and
unmodified polysulfone membrane. From the results obtained in contact angle confirmed that
when the polysulfone is modified with metal nanoparticles the hydrophilicity of the

unmodified polysulfone was improved. The contact angle of the unmodified polysulfone

99



membrane was 87.5° and when the PSF was modified with metal nanoparticles the conctact
decreased, the PSF/Co showed to be the most hydrophilic (31.7°) when compared with
PSF/Ni and PSF/Ag. The PSF/Ni showed to be the second most hydrophilic PSF

nanocomposite with the PSF/Ag being the least hydrophilic PSF membrane.

The electrochemical characterisation of the PSF unmodified and PSF modified was done in
the presence of an analyte (alginic acid and tannic acid), to study the fouling behaviour of the
prepared polysulfone thin films. Cyclic voltammetry studies of the different thin films that
were prepared were done at the presence of the electrolyte which was the HCI. The
polysulfone unmodified thin film showed to have the highest diffusion coefficient followed
by the polysulfone modified with Ni nanoparticles. From the cyclic voltammetry showed that
both analytes behaves differently at the membrane thin films prepared, the tannic acid

showed an oxidation peak at 0.58 V where as the alginic acid had a reduction peak at 0.37 V.

Calibration curves were constructed using the peak measurements for the analytes from the
square wave voltammetry results. The PSF/Co showed to be the most sensitive polysulfone
nanocomposite in the presence of both the alginic acid and tannic acid because of the highest
slope when compared with the PSF/Ni and PSF/Ag. The PSF/Ni showed better performance

for quantitative detection studies in the presence of both analytes.

From the fixed frequency, unmodified polysulfone thin films had the longest cut off time
when compared to the PSF/Co and PSF/Ni, indicating that modification with metal
nanoparticles into the polysulfone improved the cut off time because of the hydrophilic
membranes. The Rct result shows that PSF/Ni films showed the best quantitative response
and highest sensitivity towards tannic acid. The phase angle of the prepared polysulfone thin

films was observed to be 75° - 86° indicating that the thin films retained their
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semiconducting nature and hence the fouling was dominated by the interfacial film properties

such as surface area and analyte loaching.

6.2 Future Work

For future work:

For this research the EIS was used to evaluate the fouling mechanisms of the prepared
thin films of polysulfone, the other method that can be used to study the fouling
mechanism of the thin films is the rotating disk electrode. The results obtained for EIS

can be compared with the RDE results.

Two model organic acids were chosen to study the fouling caused by them in
ultrafiltration membranes. The other model organic acid to be used is the humic acid
to study the fouling it causes to membranes of water treatment. A solution of humic
acid will be prepared and the fouling behaviour will be tested using impedance

spectroscopy.

The fixed frequency EIS of PSF/Ag in the presence of both tannic acid and alginic
acid will be done for full comparison of the unmodified polysulfone and the modified
polysulfone membrane. The experiment will be done by drop-coating the PSF/Ag
onto a Pt electrode, fixing the frequency at 10 mHz — 1 KHz and using the both tannic

acid and alginic acid as analytes.
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