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Abstract 

 

Objective of this paper is to produce hydrogen which is an ideal fuel for the next generation because it is abundantly available in 

nature, energy efficient and clean. Wide varieties of technologies are available to produce hydrogen but only few of them are 

considered environmental friendly. Solar water splitting via photo catalytic reaction is one of them which have attracted tremendous 

attention. In this paper we are working on hydrogen production via solar splitting. Photo catalytic water splitting is one of the 

promising technologies to produce pure and clean hydrogen. Since it is reasonable having low process cost and has a small reactor, 

it can be made for house hold application and hence has a huge market potential. Generation of hydrogen under visible irradiation 

is the main area of work. Based on the literature reported here, visible irradiation can be achieved by doping of TiO2 with metal 

or non-metal. We have used Fe doping to increase the efficiency. The result indicates that Fe doped sieves produce more hydrogen 

than the normal TiO2 coated sieve and the efficiency can be increased if we increase the number of doped sieves and surface area. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Human civilization is built by our energy system, which facilitates the development of technologies that provide us with a higher 

standard of living.  

Energy is the important part of productivity and it contributes a lot in economic growth, and it is essential to sustain a modern 

economy and society. Future economic growth directly depends on the long term availability of energy forms that are affordable, 

accessible and secure. 

Nowadays most of the energy that we utilize comes from fossil fuels, which are never considered as an ideal due to the following 

reasons:  

1) The combustion of these fossil fuels produces byproduct such as carbon dioxide (CO2), which is one of the major greenhouse 

gases that cause climate change. 

2) The amount of fossil fuel available on the Earth is limited and is going to deplete someday.  

Therefore it is imperative for us to search for a sustainable energy source that can be easily produced at low cost and that is 

friendly to the environment.  

Hydrogen is an ideal energy storage medium or carrier because of the following reasons; First, it is the most abundantly available 

element and it exists in both water and biomass; second, having high energy yield (122 kJ/g) compared to other available fuels like 

gasoline (40 kJ/g); Third, it is environmentally friendly which is one of the most important aspects because its end products use 

will neither produce pollutants, greenhouse gases, nor any harmful effect on the environment in future. Last, but not least, hydrogen 

can be stored in gaseous, liquid or metal hydride form and can be distributed over large distances through pipelines or via tankers 

[1].  

To produce Hydrogen via solar water splitting generally can be categorized into 3 types:  
1) Thermochemical water splitting;  

2) Photo biological water splitting, and  

3) Photocatalytic water splitting.  
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Principle behind thermochemical water splitting is to use concentrators to collect the heat from sunlight, which typically can 

reach in the range of 1500-2000 °C, and to utilize the collected heat to perform the water-splitting reaction under the presence of 

a catalyst such as ZnO. [3] This technique still appears to be unsophisticated due to the heat control problem and to search 

appropriate heat-resisting materials is one of the difficult and challenging tasks. Large-scale solar concentrator systems essential 

to achieve the high temperature requirement makes this technique costly. 

ZnO-Heat ~2000°CZnO         (I) 

ZnHO-Heat~500ZnOH          (II) 

Photobiological water splitting [4] is divided into two groups based on the types of microorganisms, hydrogen and byproduct 

generated, and reaction mechanisms involved. Hydrogen production by photosynthetic oxygenic cyanobacteria or green algae 

under light irradiation and anaerobic condition is referred to as water biophotolysis, while hydrogen production by photosynthetic 

an oxygenic bacteria under light irradiation and anaerobic condition is referred to as organic biophotolysis. Although organic 

biophotolysis is capable of decomposing organic wastes to give a high hydrogen yield, the reactions will generate CO2 as the by-

product, which has made the technology less environmentally friendly as compared with water biophotolysis. In water 

biophotolysis, on the other hand, water is transformed into hydrogen and oxygen in the presence of light by cyanobacteria or green 

algae with the help of a special enzyme such as hydrogenase or nitrogenase. [5] 

Despite water biophotolysis being a “cleaner” way to produce hydrogen as comparing with organic biophotolysis, it still has 

many problems waiting to be solved, including low hydrogen yield, the poisoning effect of enzymes under the existence of oxygen 

(generated simultaneously during biophotolysis), and the difficulty in designing and scaling up the bioreactor for the process.  

Photocatalytic water splitting [1, 6] is one of the promising technologies to produce “clean” hydrogen. Compared with 

thermochemical and photo-biological water-splitting techniques, it has the following advantages: (1) reasonable to produce 

hydrogen via solar energy efficiently; (2) low process cost; (3) the ability to achieve separate hydrogen and oxygen evolution 

during reaction; and (4) small reactor systems for household application; all the above points make this process suitable for huge 

market potential. 

Lots of research has been done on hydrogen production by various methods. Gerhard Pehraz studied on photo electro chemical 

method for hydrogen production, and achieved almost 18% of efficiency and same method is used by Nelson A. Kelly and his 

colleagues [7, 13]. Mathew D. Yates also worked for the production of hydrogen by using photovoltaic method. [8, 9] 

Till date very less work is done on photocatalyst water splitting method for production of hydrogen by using purely solar energy. 

In a photocatalytic water splitting reaction, photocatalyst plays a crucial role. Many photocatalyst available but Titania is one of 

the widely used catalyst for water splitting because it is most stable catalyst which is non-corrosive, environmentally friendly and  

abundantly available in low cost. More importantly, its energy level is sufficient to initiate the water-splitting reaction. Efficiency 

of TiO2 is increased if used in organic waste water. 

Despite the many advantages of TiO2, its photocatalytic water-splitting efficiency under solar energy is still quite low, because 

of  the following reasons; first, the photo-generated electrons in the CB of TiO2 may recombine with the VB holes quickly to 

release energy in the form of unproductive heat or photons; second, the decomposition of water into hydrogen and oxygen is a 

chemical reaction with large positive Gibbs free energy (∆G = 237 kJ/mol), thus the backward reaction (recombination of hydrogen 

and oxygen into water) easily proceeds; third, the bandgap of TiO2 is about 3.2 eV, and therefore, only UV light can be utilized to 

activate the photocatalyst. As UV light only accounts for approximately 4% of solar energy, while visible light contributes about 

640%, the inability to utilize visible light limits the efficiency of TiO2 to produce hydrogen by water splitting via solar energy.[10] 

In order to solve the problems mentioned above and to make solar photocatalytic water splitting of TiO2 feasible, continuous efforts 

have been made to promote the photocatalytic activity of TiO2 and enhance its visible-light response. Based on the literature 

reported, many techniques which have been investigated in the past include the addition of sacrificial agent/carbonate salts, metal 

loading, dye sensitization, ion (cation, and anion) doping, etc. Li et al. [11] 

The technique which is used to enhance visible-light irradiation for this paper is doping which is one of the best techniques. 

Metal ion Doping is done to modify the bandgap of photocatalyst in which a small percentage of metal ion(s) is incorporated into 

the crystal lattice of photocatalyst. For photocatalytic reactions, carrier transferring is as important as carrier trapping. Only when 

the trapped electron and hole are transferred to the surface can photocatalytic reactions occur. Therefore to achieve this metal ions 

should require to be doped near the surface of photocatalysts for better charge transferring. In the case of deep doping, metal ions 

are likely to behave as recombination centers, which is unfavorable for the photocatalytic reactions. Among the 21 metal ions 

studied, Fe, Mo, Ru, Os, Re, V, and Rh ions can increase visible light-induced photocatalytic activity, while dopants of Co and Al 

ions cause detrimental effects. The different effects of metal ions result from their abilities to trap and transfer electrons/holes. [11] 

Hence in the present work, experimental setup prepared and the efficiency of hydrogen was studied on the basis of Time, Types 

of water, Photocatalyst with and without doping. Also efforts were made to check the BOD of organic water initially and after the 

experiment. 

II. METHODOLOGY 

 Photocatalytic Water Splitting 

This methodology is used to split water in H2 and O2 under solar radiation. 
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Photocatalysis is defined as the chemical reaction induced by photoirradiation in the presence of a catalyst, or more specifically, 

a photocatalyst. Such material will facilitate chemical reactions without being consumed or transformed. 

Photosynthesis by plants is one of the best examples of photocatalysis in nature, where chlorophyll serves as the catalyst under 

sunlight. 

The basic working principle of photocatalysis is simple. First, irradiation of light with energy greater than the bandgap of 

photocatalyst, separating the vacant conduction band (CB) and filled valence band (VB), excites an electron in VB into CB to 

result in the formation of an electron (e−)-hole (h+) pair. 

 
Fig. 1 Photocatalysis process 

 Titanium Dioxide Coating on Stainless Steel Methods 

 Sputtering Method 

 Electro deposition Method 

 Water Bath Method 

 Chemical Vapour Deposition Method 

Water Bath Method 

This method is used for this paper to coat Titanium Dioxide on stainless steel 

Experimental Details 

 Titanium dioxide’s appearance is White. At first add 10 ml DDW water in each beaker then add 10ml Titanium trichloride 

(TiCl3) solution drop wise with stirring. Take NaOH pellet of weight 0.9 gm and mix 10 ml DDW water after that take TiCl3 

beaker put on magnetic stirrer & add NaOH solution drop wise & stirring it continuously. Now put stainless steel mesh inside 

the beaker for period of 48 hours & observe effect. After 48 hour this solution filters. Remove the violet colour solution .we 

get the white colored precipitate; dry this precipitate for 600°C.  

 Stainless steel mesh treatment 

Firstly we had used the stainless steel mesh which is already hydrophobic in nature .Regarding this work we want a hydrophilic 

nature substrate. To convert the mesh in hydrophilic nature, Chemical bath deposition method is used. [12]  

Scanning Electron Microscope and Energy Dispersive spectroscopy is also performed after the coating of Tio2. 

 
Fig. 2: Energy Dispersive Spectroscope Image Showing Traces of Tio2 on Substrate of Steel Mesh 
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Fig. 3 SEM image of 3000 times zoom (A) 5000 times zoom (B) and 10000 times zoom(C) 

Above images shows Scanning Electron Microscopy of TiO2 coated mesh, white particles shows the depositions of TiO2 on 

the Mesh. The images are taken at Physics Department of Savitribai Phule Pune University 

      
Fig. 4: Before Coating                                                     Fig. 5: After Coating 

 Doping Of Fe by Sol Gel Method 

Doping of Fe on TiO2 over Stainless Steel mesh is done by PhD Scholar of SPPU, full procedure is not mentioned because of the research work. 

     
Fig. 6: Before Doping                                                                    Fig.7: After Doping 
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 Preparation of Model 

1) Acrylic box of dimension 250mm×200mm×150mm. 

2) Stainless steel mesh with Nano TiO2 coating fitted inside the 

 
Fig. 8: Actual Model 

 Testing of Model 

1) Waste water is filled in model until all mesh completely dipped in it. 

2) Allow sunrays to incident on model for 3 to 7 hours, Measure hydrogen generated. 

 Comparison of Results Based On Following Points 

1) Time of exposure to sunrays. 

2) No. of mesh. 

3) Coating material. 

 
Fig. 9: Portable Hydrogen Generator 

III. INSTRUMENTS USED 

 Air Quality Monitor 

Air quality monitors show the actual concentration of hydrogen and methane in the environment, this instrument is used to calculate 

amount of hydrogen in this paper. 

 
Fig. 10: Air Quality Monitor 
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 D.O. Meter 

D.O. Meter is used to check the dissolved oxygen and to calculate initial and final B.O.D. of organic waste water. 

 
Fig. 11: D.O. Meter 

IV. COMPARISON OF RESULT ON THE BASIS OF FOLLOWING POINTS 

1) Time of exposure to sunrays. 

2) No. of mesh. 

3) Coating material.   
Table - 1 

Hydrogen quantity details 

Time in Hrs 

Hydrogen quantity generated in PPM 

Raw water Organic Water 

Non Doped Doped Non Doped Doped 

3 4000 6500 12000 28500 

5 5200 9000 19000 59000 

7 9200 12000 32000 126000 

Table - 2  

B.O.D Result 

Sr.No. Sample Initial D.O.(mg/l) Final D.O. (mg/l) D.F. B.O.D 

1 Dairy waste at initial stage 14.9 9.689 200 1042.2 

2. Dairy waste after 7 hrs contact period 12.82 8.957 200 772.5 

 
Graph 1: Combined Result 
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With the help of graph and given table it shows that as the time of exposure increases, hydrogen production increases. With the 

help of raw water, results are less as compared to organic water which acts as a catalyst for the chemical reaction. If we compare 

the results on the basis of doping; at the time of Fe doping, TiO2 semiconductor gives more results as compared to non-doped 

semiconductor as it is showing 12.6% efficiency with doping and 3.2% for without doping. If we compare the B.O.D results, 

almost 30 to 35% of B.O.D is reduced because of self-cleansing property of Titania. We are getting some traces of methane as 

byproducts and reduction of B.O.D of the waste water which can be used for gardening and some other purposes. 

V. CONCLUSION  

1) Efficiency of hydrogen generation is directly proportional to time of exposure to sunlight and number of mesh used as 

semiconductor. 

2) The photocatalytic characteristic of doped Titania is enhanced by using visible light from solar spectrum. 

3) The hydrogen generated is not sufficient to be used as fuel because the pressure required for conversion of hydrogen into 

electricity by using fuel cell is not yet achieved. 

4) The quantity of hydrogen can be increased by increasing the number of steel mesh coated with TiO2.  

5) The bio-degradation of organic matter in organic waste is enhanced due to Titania, which is a self-cleaning property of Titania. 

6) The recombination effect of hydrogen and oxygen is reduced due to doping of Titania with ‘Fe’, which results in increase in 

efficiency. 

VI. FUTURE SCOPE 

1) This methodology can be used for house hold purposes in large scale by using Titania mesh doped with Fe on the roof panel 

of the house and allow the Grey water to flow over the mesh. 

This will act as an energy generator as well as reflector which will not allow sunrays to enter into the building resulting in 

decreasing room temperature. Hydrogen generated can be stored and by applying sufficient pressure it can be used as electricity 

using hydrogen fuel cells and collected water can be used for any purpose apart than drinking and cooking as the organic 

impurities are reduced by the combined action of solar energy and Titania. 

2) Efficiency of Hydrogen production can be further increased by using more number of doped semiconductors. 
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