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1. Introduction

In an era when various industries in the world are
developing and progressing, unfortunately, industrial
wastewater pollution has become one of the biggest threats
to the environment and water resources. Among these
pollutants, sulfur-containing compounds pose a very
serious threat to groundwater. In particular, hydrogen
sulfide (H, S) is widely produced in many parent
industries such as oil, gas and petrochemical refining as a
corrosive and toxic gas. Therefore, the effective removal
of this substance from industrial wastewater has become
one of the environmental and industrial problems . One of
the effective approaches for removing H, S from
industrial wastewater is the adsorption mechanism, which
has attracted much attention due to its simplicity in
implementation, reasonable cost, and recyclability of the
adsorbents. Titanium dioxide (TiO, ) nanoparticles, as an
adsorbent with remarkable properties such as large
specific surface area, high chemical stability, and high
activity in adsorbing pollutants, are a very suitable option
for this purpose. It should be noted that doping these
nanoparticles with silver (Ag) significantly improves their
adsorption properties. The mechanism of H, S adsorption
by silver-doped TiO, can be achieved by physical (van
der Waals) adsorption.. In this process, H, S molecules are
adsorbed on the surface of TiO, nanoparticles without
undergoing any major chemical change. At different pHs,
the ions present on the surface and the functional groups
undergo changes that will affect the adsorption process. At
lower pHs of the environment (more acidic conditions),
H, S adsorption occurs more strongly . The results of this
study can help design optimal and efficient adsorption
systems for the removal of sulfur pollutants on an
industrial scale and be effective in the development of
clean and sustainable technologies in the water and
wastewater industry.

2. Materials and Methods
The synthesis of TiO, nanoparticles was carried out by a
simple sonochemical method in which 1 g of TiO, was

added to 400 ml of 10 M NaOH. Then, this mixture was
ultrasonicated for 1.5 h at room temperature. The next step
was to adjust the pH to 7.0 using 0.1 M HCI solution. The
mixture consisting of TiO, nanoparticles was centrifuged
3 times using double-distilled water for washing. To
synthesize TiO./Ag nanoparticles, first TiO, nanoparticles
were synthesized using the aforementioned sonochemical
method, and then a silver nanoparticle shell was deposited
on it.

3. Results and Discussion

Figure 1 shows the result of XRD analysis of the product.
It is clear that the peaks obtained follow the pattern 00-
002-0406, which accurately reflects the formation of the
crystallographic structure of TiO,. According to the
obtained spectrum, it is seen that there is no peak related
to impurities. This spectrum, which was obtained after
several syntheses under different conditions, is evidence of
the successful synthesis of the desired product.

(101)

Intensity (a.u)

(116)
215)

e (204)
=—(220)

—

‘ 00-002-0406

Diffraction Angle (260)

Figure 1- XRD spectrum of the processed TiO2 product

It is clear that the highest amount of diffraction occurred
in the (101), (004), (200), (105), (211), (204), (116), (220)
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and (215) planes. Figure 2 (a) shows the SEM microscopic
microstructure of the TiO, samples. In this image, the
morphology and surfaces of the particles are clearly
visible. It is clear that the processed particles mainly have
a quasi-spherical morphology and have smooth and even
surfaces. Also, an important point that is evident in these
images is that the synthesized particles are formed
separately next to each other and there is no problem of
particle adhesion. The aforementioned images show that
the size of the processed TiO2/Ag particles is mainly in the
approximate range of 120 to 160 nm. In fact, this particle
size indicates that the surface area of the particles in
question is very significant and will have a high effective
surface area and promising performance, which will be
discussed in the following sections. Figure 2(b) depicts the
spectrum obtained from the EDX analysis of TiO2/Ag
samples. In the aforementioned spectrum, peaks related to
the elements Ti, O, and Ag can be observed.

7 | ¢
35|
| | OK [ERCE B
™ Il os3 0.20
" 5529 2956

20
176

13|

08 |p
| ! Ag
o g
‘— A
000p, Y T 5 8 w1 Bs 18
lsec92 OCns  0000keV  Det Octane Elite Plus

Figure 2- SEM images of TiO2: Ag sample and its EDX.

According to the UV tests, it was seen that the light
transmission rate in the treated wastewater has increased
significantly compared to the state before treatment. This
parameter is related to the reduction of salts and pollutants
in the wastewater and the increase in water clarity. In the
presence of silver metal, this metal reacts with sulfur and
produces Ag,S precipitate. This process has been used so
far with iron, zinc and copper metals and in these cases,
the products FeS, ZnS and CusS precipitate, respectively.

4. Conclusion

The results of SEM microscopic images showed that the
processed TiO,/Ag particles had an average size of 140 nm
and were uniformly distributed. UV-Vis analysis showed
that the amount of impurities in the wastewater was
significantly removed. The studies showed that the silver
metal in the absorbent materials reacts with the sulfur in
the H,S pollutant and Ag,S precipitate is produced.
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Synthesis and Characterization of TiO2/Ag Adsorbents for H,S Removal from Industrial Wastewater
Mehdi Soleimani Seyed Mahdi Rafiaei

Abstract In this study, TiO2/Ag particles were synthesized using a reduction method for significant removal of hydrogen
sulfide gas from refinery wastewater. XRD analysis confirmed that the synthesized materials had a tetragonal crystal
lattice and the processed materials were free of any other phases or impurities. The results of SEM images showed that
the size of the processed TiO,/Ag particles was mainly in the approximate range of 120 to 160 nm and had a uniform
distribution. Finally, UV-Vis analysis showed that by using the synthesized absorbent materials, the light transmission
rate from the wastewater increased to an acceptable level and, in fact, the wastewater treatment was carried out to an
appropriate extent.

Keywords Refinery effluent, Hydrogen sulfide, TiO,, TiO2/Ag.
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