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Chapter 5 (Results and discussion - Composites)

5.1 HRSEM (High resolution Scanning Electron Microscopy)

EHT = 5004y
WD=48mm

Signal A =nlans EHT = 500KV Signal A = InLens
Mag= 5000KX Time :14:27.04 WO=47mm Mag= 2000K X

Signal A= Inkens
Mag* 2000KX Time :14:31:22

Time :14:21:26

Figure 24: SEM images of a) AgFe- TiOz, b) rGO-AgFe-TiO2 and ¢) AgFe-rGO

nanocomposites where a) is at a magnitude of 20.00 K X and b) and c) is at a magnitude of

50.00 K X.
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Figure 24 shows SEM image a) AgFe-TiOz. This can be seen similar to that of the TiO, degussa
and AgFe where you find agglomerations of spherical shapes and some particles are less
clustered then others. Figure 24 b) shows the SEM image of rGO-AgFe-TiO2 where both the
AgFe and the TiOz is seen to be intertwined with the rGO sheet-like structures. These sheet-
like structures have allowed for the creation of pockets that may act as a hiding place for
molecules during photocatalysis. In Figure 24 b) there are agglomerated particle structures that
are lighter than others and this is an indication of the difference between the TiO2 and AgFe
nanoparticles. Figure 24 c) shows the SEM image of the nanocomposite AgFe-rGO. The image
shows the sheet-like nature of the rGO and attached are small clusters of AgFe nanoalloy (this
IS seen as crumbs on the surface of the r-GO). What is evident in this image (Figure 24 c) is
the brightness of those clusters. In Figure 24 a) it can be seen that there is more free space in
terms of interaction during photosynthesis and this stems from the greater surface area
compared to that of image b) and c) (Figure 24) where the sheet-like structures contribute to
the possible hindrance in terms' of its interaction with the water contaminant during
photocatalysis. It is therefore speculated that photocatalysis would be carried out more

efficiently with the AgFe-TiO> (image a).

The composition of each of the nanocomposites in Figure 21 AgFe-TiO2, AgFe-rGO and AgFe-
TiO2-rGO was determined using EDS via SEM to confirm the elemental composition of each

of the nanocomposites. This can be seen in Table 2
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Element Atomic Percentage (%0)
AgFe-TiO AgFe-rGO AgFe-TiO2-rGO
O 64.67 33.63 36.60
Ti 31.86 - 14.50
Fe 0.85 8.92 7.24
Ag 2.62 5.39 572
c : 52.06 35.04
Total 100

Table 2: Table representing the percentage elemental composition of the nanocomposites
AgFe-TiO,, AgFe-rGO and AgFe-TiO.-rGO.

Table 1 represents the elemental composition percentages of the nanocomposites as
confirmation for the wvarious elements in those specific nanocomposites. For the
Nanocomposite AgFe-TiO2, oxygen has the greatest percentage (64.67 %) composition due to
the TiO2molecule, where there are two oxygens for every Titanium atom (31.86 %). According
to the table this nanocomposite (AgFe-TiO2) contains 0.85 % Iron and 2.62 % Silver therefore
indicating that the AgFe nanoalloy contains a greater percentage of silver. For the
Nanocomposite AgFe-rGO the greatest percentage (52.06 %) is Carbon, which is due to the
rGO and the oxygen then follows with 33.63% which also contributes to the composition of
rGO. The difference between AgFe-rGO and AgFe-TiO:z in terms of AgFe is the ratio of silver
to Iron, according to the table, since the percentage of Iron is greater (8.92 %) than silver (5.39
%) in the nanocomposite AgFe-rGO compared to AgFe-TiO2 where silver has a larger
percentage than Iron. AgFe-TiO2-rGO has an elemental composition of 36.60% for oxygen
which is slightly larger than carbon (35.94 %). This is due to the oxygen in TiO, where there
is a balance of two oxygen atoms per titanium (14.50 %) atom, approximately leaving an

“extra” 17.61% of oxygen atoms that could be due to rGO. AgFe-TiO2-rGO does experience
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the same Iron favoured ratio with an atomic percentage of 7.24 % and less so for silver having

an atomic percentage of 5.72 %. These values have a significant impact on photocatalysis.

5.2 FTIR (Fourier Transform Infrared Spectroscopy)

68
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0
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Figure 25: FTIR Spectra for nanocomposites a) AgFe-rGO, b) AgFe-TiO. and c) AgFe-
TiO2-rGO.

58

http://etd.uwc.ac.za



Figure 25 presents the FTIR spectra for a) AgFe-rGO where a clear band is seen from about
1800 cm™ to 2900 cm™ caused by the O-H bending and stretching and this is like-wise
illustrated in spectrum c) (AgFe-TiO2-rGO) therefore confirming the origin of this band to be
stemmed from rGO. Spectrum a) contains a blue box inset encapsuling the band ranging from
850 cm " to 1260 cm™ and is evident in the blue box shown in spectrum c) AgFe-TiOz-rGO.
Therefore both Spectrum a) and c¢) is an indication of C-C bending and stretching
corresponding to the rGO since graphene is made up of carbon. Figure 25 spectrum a) also
contains a red box highlighting the band of range 1250 cm™ to about 1765 cm™. This red box
is observed in all three spectra which all contain AgFe, therefore concluding that this band is
due to AgFe in all three nanocomposites. In spectra a), b) and c) the red box contains two bands,
the one the right is roughly at 1625 cm™ which is due to the Fe-O bending and stretching as
an indication of Fe in the nanocompasite. However in both spectra a) and c) this band is sharper
than that of spectra b), this could therefore be due to the larger atomic percentage of Fe in both
AgFe-rGO and AgFe-TiO2-rGO compared to AgFe-TiO,. Conversely the red box in spectrum
b) contains shorter bands and the band on the left at 1370 cm™ (the same band in all three
spectra) is sharper than that of its neighbour (at 1625 cm™, owned by Fe). This in relation to
Table 1 is quite possibly due to the larger atomic percentage of Ag compared to Fe in AgFe-
TiO,. Spectrum b) and c¢) contains a band of range 500 cm™ to 900 cm™ which is due to the
bending vibration of Ti-O-Ti, O-Ti-O and Ti-O bonds in the TiO: lattice. In spectrum b) this
band (500 — 900 cm 1) is significantly longer than that in spectrum c) which corresponds with
the findings in Table 1 where there is a greater percentage of TiOz (Ti and O) in AgFe-TiO2

than in AgFe-TiO2-rGO.
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5.3 UV-vis (Ultraviolet-visible spectroscopy)
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Figure 26: UV-vis spectra for the precursors a) Fe nanoparticles,b) AgFe nanoalloy and

nanocomposite c) AgFe-rGO each with onset.

Figure 26 shows the UV-vis spectra for the nanocomposite AgFe-rGO which has a slightly

broad peak at 280.75 nm similar to that of the precursor AgFe (spectrum b) which has a peak

in the same range as 280.75 nm. This specific range is between 200 nm and 400 nm which is

the same range as the absorbance peak for rGO as a result of the m-mt transitions of the aromatic

C-C bonds. The band gap for the nanocomposite AgFe-rGO was calculated using the onset in

http://etd.uwc.ac.za
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Figure 26 spectrum c) and the formula E = Z—C The band gap for AgFe-rGO was therefore

calculated to be 2.97 eV. This is smaller than the previously calculated band gap of Fe (3.73eV)
and larger than the band gap of AgFe (2.5eV). This is an indication that the AgFe-rGO may

prove to decrease the photocatalytic ability of TiO2 in the nanocomposite AgFe-TiO2-rGO.
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Figure 27: UV-vis spectra for the precursors a) TiO2 (Degussa),b) AgFe nanoalloy ,
nanocomposites ¢) AgFe-TiO2 and d) AgFe-TiO2-rGO each with onset.

61

http://etd.uwc.ac.za



Figure 27 shows the UV-vis spectra for the nanocomposites ¢) AgFe-TiOz and d) AgFe-TiO»-
rGO. In Figure 27 c) there is a peak that is in the same range (200 nm — 400 nm) as that of the
peak for the a) TiO> precursor, however the difference is the ultimately the very slight shift in
the peak (shift to the right/ which is essentially a red shift) of ¢c) AgFe-TiO, this correlates with
the band gap which was calculated to be 2.77 eV. For figure 27 d) the same is evident compared
to c) where the peak occurs in the same range (200 nm —400 nm) as a) TiO> precursor, however
it displays a slight shift (to the left/a blue shift) of the peak, this correlates with the band gap
which was calculated to be 3.02 eV. This therefore means that the b) AgFe (with a band gap of
2.5 eV) has caused the improvement of the photocatalytic reactivity of a) TiO., however that
the rGO seems to have worked against the b) AgFe nanoalloy since it increased the band gap

tremendously.
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5.4 XRD (X-ray Diffraction)

(<Y
~—

Linc(counts)

AgFe-TiO, b) AgFe-rGO
4500
-y 4000 -
2500 4 3500 -
I ~=~ 3000 :
2000 - 9 i
| g 2500
1500+ 8 2000 |
3 i
1000 - £ 15004
- J = 4000
500 |
) 500 -
0 : . : ’ : , 0 v : . - " :
0 500 1000 1500 2000 0 500 1000 1500 2000
2-theta-scale 2-theta-scale
o s AgFe-TiO,-rGO
1500 -
m
-
c
3
o 1000+
A
%)
'E
- 500

0 ) S(')O ) 1000 ) 15'00 ) 2000
2-theta-scale

Figure 28: X-ray diffraction (XRD) patterns of the nanomposite samples a) AgFe-TiO>, b)

AgFe-rGO and c) AgFe-TiO2-rGO.
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Figure 28 shows the XRD patterns of a) AgFe-TiO> and according to the analysis the composite
contains both Ag and Fe similar to that of patterns found in figure 21 a) and d) which show the
XRD patterns of TiO> degussa and AgFe respectively. Therefore this also confirms the
crystallinity of the composite. The XRD patterns in Figure 28 c) AgFe-TiO2-rGO are similar
to that found in Figure 28 a) AgFe-TiO2 which therefore confirms the presence of Ag, Fe and
TiO,. However the peaks are observed to be sharper in Figure 28 a) AgFe-TiO, compared to
that of the peaks in ¢) AgFe-TiO2-rGO and since the crystallinity of a) AgFe-TiOz is confirmed
through the peaks the crystallinity is somewhat challenged in the composite ¢) AgFe-TiO2-rGO
where you can see a broad peak in the results around 500(2-theta-scale), and this is due to the
reduced graphene oxide (rGO). This same effect is seen in the composite b) AgFe-rGO where
the same broad peak is seen at 500(2-theta-scale). What is also seen in b) AgFe-rGO is the
slight shift in peaks to the right and the XRD analysis indicate that there are peaks confirming
the presence of Ag and Fe although very slight. The d-spacing for AgFe-TiO2 and AgFe-TiO»-

rGO was calculated to be 2.22 nm and 3.25 nm respectively.

64

http://etd.uwc.ac.za



5.5 CV (Cyclic voltammetry)

-1,0 ) 05 ) 070
Potential (v)

05 1.0

C ) AgFe-TiO,
—— 100 mVis |
o0 e T0mV/s

—50 mVis
~——30 mVis

400+ 20 mVis

e ——10mVis |

3

— &

= 200

e

-

=]

O 04

-200

Current ( uA)

1.0 ) -0,5 ) 0:0
Potential (v)

05 10

-10 4

a) Blank b) AgFe-rGO

150 4 i—mo mVis 150 4 —— 100 mV/s

| 70 mV/s e 70 mVis

1 !—SOmVIs —— 50 mVis

- [— 30 mVis - ——30 mVis

§ 100 + , 20 mVis < 1004 ——20 mVis

= |——10mVis = ——10 mVis
- -
g c
o )
~
|
8 3
(&)

Potential (v)

AgFe-TiO,-rGO

e 100 VIS
e 70 Vs
w— 50 mVis
e 30 VS
104 —20mvis
=10 mVis |

L) 22 T

0,2 0,0 ) th
Potential (v)

Figure 29: CV graph of a) Blank of glassy carbon electrode, nanocomposites b) 100 mg
AgFe-rGO, c) 100 mg AgFe- TiO2 and d) 100 mg AgFe-TiO2-rGO with insert in 5M LiOH
electrolyte at scan rates 10 mV/s, 20 mV/s, 30 mV/s, 50 mV/ s, 70 mV/s and 10 mV/s in 5M

LiOH electrolyte on a glassy carbon electrode.
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Scan Rate Scan Ipc (LA) | Ipa (UA) | Epa(V) | Epc (V) | AEp (V)
(mV.s') | Rate'?
(mV.s?)

10 3.16 0.46 3.52 0.217 -0.054 0.271

20 4.47 0.61 3.52 0.213 -0.054 0.267

30 5.48 0.74 3.58 0.213 -0.052 0.265

50 6.32 1.06 6.58 0.215 -0.054 0.269

70 8.37 1.54 5.36 0.217 -0.052 0.269

100 10 1.98 8.73 0.215 -0.054 0.269

Mean 1.07 5.22 0.215 -0.053 0.268

Table 3: Scan rate vs Scan Rate'? (mV.s™) vs Ipc, Ipa, Epa and Epc for AgFe-TiO2-rGO

Determination of reversibility:

Ipa _ 5224
Ipc 1.07pA

=4.88 pA

- Z’Tlcl # 1..therefore it is chemically irreversible

Determination of Diffusion Coefficient:

2.72 x 10% x n*2 x A x CyyV/?’

150.85 4

2
1/2 — m
D (AgFe-TiO2-rGO) - 3 1

2.72x105%x 12X 0.071m2X5M X 0.12

494 x 103

112
D (agre-Tio2-1GO)

D (AgFe-TiO2-rGO) =2.44x10°%cm?s?
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Scan Rate Scan Ipc (MA) | Ipa (MA) | Epa (V) | Epc (V) | AEp (V)

(mV.s') | Rate'?
(mV.s?)

10 3.16 14.66 94.06 0.20 0.39 -0.19

20 4.47 199.18 92.17 0.20 0.39 -0.19

30 5.48 127.64 94.58 0.21 0.39 -0.18

50 6.32 131.7 96.72 0.21 0.39 -0.18

70 8.37 148.24 103.1 0.23 0.40 -0.17

100 10 153.09 145.53 0.24 0.39 -0.15

Mean 129.10 104.3 0.22 0.39 -0.18

Table 4: Scan rate vs Scan Rate? (mV.s™) vs vs Ipc, Ipa, Epa and Epc for AgFe-TiO:

Determination of reversibility:

Ipa _ 104 p4
Ipc 12910 pA

=0.81pd

I L L 2
o — 1%: ~ 1..therefore it is chemically reversible

Determination of Diffusion Coefficient:

pY2 _ Jp
2.72 x 105 x 32 x A x Cyv'/?’

149.31 4

2
1/2 — m
D™ (agre-Tio?) = 3 1

2.72x105 X 12 X 0.071 M2 X 5M X 0.12

D12 (AgFe-TiO2) =4.89x10°2.25x 1073

D (AgFe-TiO2) =2.39x10°cm?s?
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Figure 29 shows CV graph for a) Blank of glassy carbon electrode, nanocomposites b) AgFe-
rGO, c) AgFe- TiO2 and d) AgFe-TiO2-rGO with insert. Figure 29 b) AgFe-rGO doesn’t
display any peaks, however compared to a) blank there is an increase in current with increase
in scan rates where 100 mV/s has the highest current in b). Figure 29 c) displays two oxidation
(anodic) peaks and two reduction (cathodic) peaks and this is due to the oxidation states of Fe.
What is also observed (Figure 29 c) is the increase in peak current with increase in scan rate
with 100 mV/s having the highest peaks for both oxidation and reduction. Figure 29 d) AgFe-
TiO,-rGO has an insert that is zoomed out CV graph of AgFe-TiO2-rGO and when compared
to a) shows no peaks but does display an increase in current with increase in scan rate, with the
100 mV/s having the highest current. Since the zoomed out graph (Figure 29 c) insert) contains
no peak it was zoomed into to display the peaks that is seen in Figure 29 c) where the peak
increases with increase in scan rate. From graph ¢ (AgFe-TiO.) to graph d (AgFe-TiO2-rGO)
the peaks can be seen to have drastically decreased indicating the effect rGO has on the
composite which is the decrease oxidation and reduction peaks resulting in the decrease in
transfer of electrons. The estimated AE, for a) Bare GCE, c¢) AgFe-TiO and d) AgFe-TiO-
rGO is 0.25 V, 1.06 V and 0.268 V respectively. This facilitates the enhanced conduction
pathways with the modified catalysts, with AgFe-TiO. having the highest electron kinetic
transport. The diffusion coefficient for AgFe-TiO,-rGO and AgFe was 2.44 x 10° cm?.s™ and
2.39 x 10° cm?.s! respectively. This is roughly the same and is an indication of the similarity

of the diffusion that might occur in each of these composites.
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Chapter 6 (Photocatalytic study)

Optimization of photocatalysis system

The concentration of pollutant and solution pH may impact on their removal from contaminated
water. Therefore it was necessary to investigate the effect of these two parameters on the

degradation of orange Il dye that was selected as the model pollutant.

6.1 Effect of initial concentration of Dye (Orange II)

35 —@—2ppm —8—6 ppm 10ppm

30

25

20 /

Degradation %

15

10

0 20 40 60 80 100 120

Time(min)

Figure 30: Graph illustrating the effect of concentration on the dye (Orange I1) degradation
percentage at the following conditions. Varied parameters: Dye concentration from 2, 6 to 10
ppm. Fixed parameters: pH, solution volume 500 ml, irradiation time120 min, distance

between lamp and solution 5¢cm.
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Figure 30 presents the effect of initial concentration of dye on the degradation percentage at
the applied conditions. Though literature sustains that the initial concentration of the pollutant
has an impact on its removal from polluted water. That is, the degradation percentage of the
pollutant may decrease with increase of its initial concentration (Reza, Kurny, & Gulshan,
2017). So from the results plotted in figure 30 the trend between initial concentration and
percentage degradation claimed in the literature was not observed. Nevertheless, higher
removal of orange (Il) was achieved at lower concentration 2 ppm. For example at minute 90
concentration 10, 6 and 2ppm had 10, 8 and 27% degradation respectively. Even though 2 ppm
appeared as the best concentration in this case a reasonable concentration of dye needed to be
defined to meet the sensitivity conditions of the extended analytical method such as HPLC
analysis, therefore 4ppm was chosen as the working concentration of orange (1) used

throughout all experiments conducted in this photocatalysis study.

Apart from dye concentration the effect of solution pH on orange (11) degradation percentage

was also investigated.
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6.2 Effect of solution pH on Dye (Orange II)

Degradation %

14

12

10
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Figure 31: Graph illustrating the effect of solution pH on orange Il degradation percentage at
the following condition. Varied parameters: Solution pH from 2, 5 to 9. Fixed parameters:
Dye concentration 4ppm, solution volume 500ml, irradiation time 120 min and distance

between lamp 5cm.
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Figure 31 presents the effect of solution pH on dye percentage removal at the applied
conditions. According to literature pH may effect percentage degradation (Reza et al., 2017).
That is, the degradation percentage of pollutant may increase with a decrease in solution pH.
In Figure 31 there is however no consistent observable trend, nevertheless at the highest pH
values the lowest percentage degradation was observed and at the lowest, pH 2, experienced
the greatest percentage degradation. Second to pH 2 was pH 8 and this is because the base
used (NaOH) to establish the pH had an influence on the percentage degradation (likewise with
pH 9) as well as the temperature. It was also observed that pH 5 presents a percentage
degradation below that of pH 8 and that correlates with the trend stated in literature. An
example of this can be seen at minute 60 where pH 2, 5, 7, 8 and 9 had degradation percentages
of 9.83, 3.23, 0.66, 5.01 and 1.76 respectively. Thus pH 2 appeared as the best pH for
percentage degradation for the pollutant Orange (11). Therefore pH 2 was used as a working

pH of Orange (I1) and throughout all experiment conducted in this photocatalyst study.

After the photocatalysis system was optimized the following parameters dye concentration
4ppm, solution pH 2 were chosen as optimum factors that were associated to fixed parameters.
Including solution volume 500 ml, irradiation time 2 hours, distance between lamp and solution
5 cm. Therefore the aforementioned optimum conditions were used to assess the photocatalytic
activity of the catalysts (TiO2 Degussa, TiO, Nano spheres, TiO2 nanotubes) and the effect of

catalyst dosage on the degradation percentage of dye, respectively.
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6.3 Photocatalytic degradation effect of the catalysts on Dye (Orange I1)

% Degradation
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Figure 32: Graph illustrating the photocatalytic activity of TiO2 (TiO2 Degussa, TiO>
nanospheres, TiO2 nanotubes based catalysts on dye degradation percentage at the following
experimental conditions. Solution pH 2, concentration 4ppm, mass of catalyst 0.01g, solution

volume 500ml, irradiation time 2hours, distance between lamp and solution 5¢cm.

Figure 32 presents the photocatalytic activity of the catalysts (TiO2 Degussa, TiO2 nanospheres,
and TiO2 nanotubes) under the established optimum conditions. It is observed that TiO>
degussa had the highest percentage degradation and TiO. had the lowest percentage

degradation. An example of this can be seen at minute 60 TiO. Degussa, TiO2 nanospheres and
73

http://etd.uwc.ac.za




TiO2 nanotubes had degradation of 82.41%, 54.91% and 21.19% respectively. This is due to
the size of the nanoparticles and in turn its dispersion in the Orange (11) solution. Therefore

TiO, was selected as the best catalyst for this photocatalytic study.

Since TiO> degussa was the best catalyst for the degradation of Orange (1) in this study, the

impact of its amount on degradation percentage of dye was also investigated.

6.4 Effect of photocatalyst dosage on dye (orange I1) degradation efficiency

http://etd.uwc.ac.za
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Figure 33: Illustration of the effect of TiO2 (Degussa) dosage on percentage degradation of
dye. Experimental conditions. Varied parameters: Mass of TiO. (Degussa) 0.01g, 0.02g and
0.04g. Fixed parameters: solution pH 2, concentration 4ppm, solution volume 500ml,
irradiation time 2hours, distance between lamp and solution 5¢cm.
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Figure 33 presents the effect of photocatalyst dosage on Orange (11) percentage degradation.
Literature sustains that the mass of the catalyst has an impact on its removal (Reza et al., 2017).
That is the degradation percentage of the pollutant increases with increase in mass/dosage of
TiO2 (Reza et al., 2017). So from the results plotted in Figure 33 the trend between mass of
catalyst and percentage degradation was observed to confirm that. An example of this trend is
observed at minute 30 where 0.01g, 0.02g and 0.04g of TiO observed degradations of 56.38%,
91.57% and 99.67% respectively. Therefore it was observed that the higher the dosage of TiO>

the greater the percentage degradation.

6.5 Effect of different photocatalyst on Orange 11 dye degradation
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Figure 34: Illustration of the effect of the different photocatalysts TiO2 (Degussa), AgFe-
TiO2 and AgFe-TiO2-rGO on percentage degradation of dye. Experimental conditions. Fixed
parameters: solution pH 2, concentration 4ppm, solution volume 500ml, irradiation time
2hours, distance between lamp and solution 5cm and 0.04g of each photocatalyst.
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Figure 34 presents the effect of the different photocatalysts on Orange (Il) percentage
degradation. The degradation percentage of the pollutant should increase with all three
photocatalysts. So from the results plotted in Figure 34 the trend between the type of
photocatalyst and percentage degradation, the following was observed. From 0 — 30 minutes
the TiO> degussa degraded the dye at a faster rate than both AgFe-TiO, and AgFe-TiO,-rGO
with AgFe-TiO: reacting the slowest with the dye. This is due to the surface area of the TiO>
degussa that is greater than that of the AgFe-TiO, and AgFe-TiO2-rGO However the faster
degradation of the dye via the photocatalyst AgFe-TiO,-rGO compared to the AgFe-TiO>
photocatalyst is due to the pockets that was formed in the nanocomposite of AgFe-TiO2-rGO
(observed in Figure 24 b) which would allow for the Orange Il dye molecules/particles to be
stored inside instead of being photocatalysed which allows for the misguided observation that
it seems to be the better photocatalyst of the two when in actual fact that result does not
correlate with that of the findings of UV which through calculation indicated that the band gap
of AgFe-TiO2 and AgFe-TiO2-rGO were 2.77 eV and 3.02 eV respectively implying that the
better photocatalyst is AgFe-TiO>. That however is confirmed from 30 -70 minutes where it is
observed that the best photocatalyst is AgFe-TiO2, and the weakest is the TiO> degussa, which
has a UV band gap of 2.93 eV, and compared to AgFe-TiO2-rGO (UV band gap of 3.02 eV)
should be weaker, but as mentioned this could be caused by the rGO pockets created in the
AgFe-TiO2-rGO nanocomposite. Therefore it was observed that the AgFe-TiO photocatalyst

displayed the best overall photocatalytic activity.
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Chapter 7

7.1 Conclusion

The aim of this project was to investigate Titanium dioxide modified by creating a two composites
using the nanobimetal/nanoalloy silver-iron (AgFe) and reduced graphene oxide (rGO) as an improved
photocatalyst for removal of contaminants such as dye from water. Different Titanium Dioxide (TiO>)
was synthesised using a hydrothermal method and TiO degussa (the purchased TiO, nanopowder) was
used as the best form of the catalyst, since it illustrated faster photocatalysis during the photocatalytic
study. The TiO, degussa contained nanoparticles of size 15 nm — 25 nm. These dimensions would prove
to enhance the dispersion of the photocatalyst in the water and therefore increase its possible collision,
and in turn increase its reactivity. However its interaction affinity and reactivity efficiency can be further
enhanced through the addition of the nanomaterials silver-iron alloy and possibly reduced graphene
oxide. The nanocomposites AgFe-TiO2 and AgFe-TiO,-rGO were successfully synthesised and was
evident in the morphological studies. The anatase phase of the TiO, degussa and nanocomposites AgFe-
TiO2 and AgFe-TiO2-rGO were confirmed through XRD and FTIR therefore serving as a support for
the maintained phase of the TiO; even after modification. The d-spacing for AgFe-TiO, and AgFe-
TiO2,-rGO was calculated to be 2.22 nm and 3.25 nm, which favoured AgFe-TiO, in terms of
photocatalysis. The XRD results along with HRTEM further indicate that both are crystalline in nature
where AgFe-TiO; shows a higher degree of crystallinity due to the rGO in AgFe-TiO2-rGO which is
amorphous. The diffusion coefficients for TiO,, AgFe-TiO,-rGO and AgFe-TiO, were 9.07 X 107" cm?.s°
1 2.44 x 10° cm?.st and 2.39 x 10° cm2.s? respectively. FTIR confirmed the presence of the AgFe
nanoalloy in both AgFe-TiO; and AgFe-TiO,-rGO as well as the rGO in AgFe-TiO,-rGO. FTIR along
with HRSEM-EDS confirmed that the precursor TiO; degussa and nanocomposites AgFe-TiO, and
AgFe-TiO,-rGO contained both Silver, Iron, Titanium and oxygen along with carbon (for graphene),
where there was a silver favoured silver:lron percentage ratio (0.85 % : 2.62 %) in AgFe-TiO; than in
AgFe-TiO2-rGO (5.72% : 7.24%) which was also confirmed in FTIR where at the band range of 1250
cm? - 1765 cm* (red box) contained shorter bands and the first band in the double banded filled red

box (1250 cm™ - 1765 cm™ band range) was longer (since there was a higher silver percentage in the
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silver : iron ratio) than the left which was the opposite in the spectrum of AgFe-TiO2-rGO where the
second band in the double banded filled red box (1250 cm™ - 1765 cm™ band range) was longer/shaper
than the other and this indicated an iron favoured silver : iron percentage ratio. This has proved to be
significant during the photocatalytic study. HRSEM has also confirmed the morphology of AgFe-TiO;
and AgFe-TiO,-rGO where it was evident that AgFe-TiO, had a more agglomerated spherical
morphology compared to AgFe-TiO2-rGO where there were sheet-like rGO structures that created
pockets that could cause potential “mistaken- photocatalysis” (where the photocatalyst appeared to be
reacting more effectively with the catalyst when in actual fact the dye particles weren’t being converted
into free radicals but in this case hidden/stored in the rGO formed pockets giving the
idea/misinterpretation of photocatalysis). This was confirmed in the photocatalytic study where the
AgFe-TiO2-rGO behaved “better” than AgFe-TiO; initially (first 30 minutes in Figure 33) but was
however the opposite for the rest of the time (1h 30 minutes). This was further confirmed with UV
where the band gap for AgFe-TiO.-rGO was 3.02 eV compared to AgFe-TiO, which had a band gap of
2.77 eV therefore indicating that AgFe-TiO, would be the better photocatalyst. This was confirmed in
the photocatalytic study where AgFe-TiO;, was proven as the best catalyst to convert the dye (Orange
I1) into free radicals and ultimately remove the contaminant from the water compared to AgFe-TiO--

rGO.
7.2 Future work

GC/MS spectroscopy is needed to identify the intermediates and final products of the dye (Orange II)
degradation as well as a hydroxyl radical formation study to ensure the efficiency of the photocatalyst.
HRTEM which was used cannot determine the bimetallic nature of the AgFe bimetal. In future work
Brunauer —-Emmett-Teller (BET) analysis will be carried out to determine the specific surface area of
the materials. Those results may be used to further prove the above mechanism for enhanced
photocatalysis. The Dye (Orange 1l) was used as an organic contaminant in this study however further
study into inorganic contaminants such as nitrates, which present health concerns in rural areas with
groundwater being the main source of water, may be employed to further test the efficiency of the

proposed photocatalyst.
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