CHAPTER 4


4.3 MODIFICATIONS IN Na(1-x)LaxTaO(3+x): EFFECT OF ADDITION OF MgO ON PHOTO CATALYTIC REDUCTION OF CARBON DIOXIDE  

4.3.1 Introduction

As stated by Liu et al, there are some aspects that affect the efficiency of CO2 photo reduction, especially with H2O, the major one being the limited adsorption of CO2 molecules on catalyst surface, which is in competition with the adsorption of H2O molecules [83]. Adsorption of CO2 is hindered by H2O molecules on photo catalyst surface suspended in aqueous medium, due to higher binding energy of H2O (-0.64 eV) vis-a-vis that of CO2 (-0.34 eV) [23, 84]. Teramura et al [11] has demonstrated that the photo catalytic reduction of CO2 on solid base catalysts such as ZrO2, MgO and Ga2O3 proceed smoothly due to effective adsorption of CO2, an acidic moiety.  Linear CO2 molecules transform into non-linear or destabilized/active CO2, upon adsorption on the surface of solid base [85-89]. Hence, addition of a basic oxide could enhance adsorption of CO2 on band gap engineered photo catalyst, Fe-N/ Na(1-x)LaxTaO(3+x).  In this study, we have chosen MgO as solid base material in order to increase adsorption ability of CO2 on the active catalyst surface in the presence of H2O. 

4.3.2. Results and discussion 
4.3.2.1. Characterization of catalysts

Various amounts of MgO, (0.3%, 0.5% and 1%, all w/w) were loaded on the band gap engineered Fe-N/Na(1-x)LaxTaO(3+x) photo catalyst by impregnation method. MgO loaded catalysts were characterized by a range of experimental techniques, vis-à-vis that of the formulation without added MgO.  Fig. 4.32 shows XRD patterns for the synthesized MgO loaded photo catalysts. The diffraction patterns clearly show that addition of MgO to Fe-N/Na(1-x) Lax Ta O(3+x) phase has not resulted in any structural changes in the tantalate matrix. Most likely, MgO is present as an amorphous layer on the tantalate surface. 
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Fig. 4.32 Effect of addition of MgO on the  XRD pattern for neat and modified catalyst
              (a) Fe-N/ Na(1-x)LaxTaO(3+x), (b) 0.3 wt% MgO/Fe-N/ Na(1-x)LaxTaO(3+x), 

                     (c) 0.5 wt% MgO/Fe-N/ Na(1-x)LaxTaO(3+x), (d) 1 wt% MgOFe-N/ Na(1-x)LaxTaO(3+x).  

UV-Visible diffuse reflectance spectra for the catalysts modified with MgO (Fig. 4.33) do not reveal any change in optical/electronic properties. SEM and TEM images of the MgO loaded  samples display cubic morphology of the base photo catalyst. XPS spectra presented in Fig. 4.25f (Na 1s, Ta 4d, O 1s), Fig. 4.26a (La 3d, Ta 4f) and 4.27a (N 1s, Fe 2p) further confirm there are no changes in the structure or oxidation state of components in the MgO doped  Fe-N/Na(1-x)LaxTaO(3+x) catalyst. Basicity measurements by CO2-TPD indicate that the amount of chemisorbed CO2 on 0.5 wt% MgO loaded photo catalyst is 29.3 µmole g-1, which is higher than chemisorbed CO2 (27.1 µmole g-1)  on Fe-N/ Na(1-x)LaxTaO(3+x) surface. The basic nature of added MgO has increased the overall basicity of MgO modified tantalate. Increased basicity would improve CO2 adsorption [9]. 
All the above characteristics confirm that added MgO has not changed the crystal structure, electronic or optical properties of the photo catalyst, but only its basicity has increased. The increase in basicity of the photo catalyst favours CO2 adsorption, resulting in the availability of more number of adsorbed/active CO2 molecules for the PCRC with water.  
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Fig. 4.33 Effect of addition of MgO: Diffuse reflectance spectra of neat and modified NaTaO3 catalysts (a) Fe-N/ Na(1-x)LaxTaO(3+x), (b) 0.3 wt% MgO/Fe-N/ Na(1-x)LaxTaO(3+x), (c) 0.5 wt% MgO/Fe-N/ Na(1-x)LaxTaO(3+x), (d) 1 wt% MgO/Fe-N/ Na(1-x)LaxTaO(3+x).  

4.3.2.2. Photo catalytic reduction of CO2 on MgO modified catalysts

The photo catalytic activity of MgO loaded samples and the observed product distribution have been tabulated in Table 4.6. It is observed that the activity increases with increasing amount of 
MgO up to 0.5 wt% and further increase in the amount of MgO retards the photo catalytic activity of Fe-N/NaTaO3. Excess amount of MgO perhaps hinders the charge transfer from active surface NaTaO3 to CO2 molecules to get reduce into products. The optimum loading of MgO on this particular catalyst surface for this critical application is found to be 0.5 wt% which gives higher selectivity towards methanol (Fig. 4.34).
Table 4.6 Products distribution and quantum yield data for MgO loaded photo catalysts
	
Photo catalysts 
	Products obtained from CO2 reduction (μmol g-1 h-1)
	
	AQY (%)

	
	CH4 
	C2H4
	C2H6 
	CH3OH 
	C2H4O 
	C2H5OH 
	C3H6
	H2 
	x 10-3 

	Fe-N/NTO*
	0.03 
	0.05 
	0.03 
	62.2 
	0.05 
	8.5 
	0.02
	0.04 
	8.89 

	0.3 wt%MgO
/Fe-N/NTO 
	0.04 
	0.07 
	0.04 
	76.6 
	0.8 
	8.1 
	0.03 
	0.04 
	10.57

	0.5 wt%MgO/
Fe-N/NTO 
	0.11 
	0.08 
	0.03 
	81.4 
	1.0 
	7.9 
	0.03 
	0.05 
	11.11

	1 wt%MgO/
Fe-N/NTO 
	0.07 
	0.04 
	0.01 
	20.7 
	1.7 
	8.6 
	0.03 
	0.1 
	4.62


*Na(1-x)LaxTa(1-y)FeyO(3-z)Nz. 
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Fig. 4.34 Effect of addition MgO on photo catalytic activity for neat and modified catalysts after 20hrs of irradiation: (a) Fe-N/ Na(1-x)LaxTaO(3+x), (b) 0.3 wt% MgO/Fe-N/ Na(1-x)LaxTaO(3+x),
(c) 0.5wt% MgO/Fe-N/ Na(1-x)LaxTaO(3+x), (d) 1wt% MgOFe-N/ Na(1-x)LaxTaO(3+x).  
C1 – C1 carbon product, C2 – C2 carbon product, TC- Total Carbon product.

After 20 hrs of reaction, the used catalyst was centrifuged, dried and pre-treated at 573 K in air for 3 hrs and characterized with XRD (Fig. 4.35), SEM and EDXA (Fig. 4.36). It is observed   that the perovskite structure, cubic morphology and amount of dopant elements present in the MgO/Fe-N/ Na(1-x)LaxTaO(3+x) lattice (Fig. 4.36) have been retained, indicating the stability of the catalyst. SEM for used catalyst indicates slight surface attrition due to continuous agitation.
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Fig. 4.35 XRD pattern for for 0.5 wt% MgO Fe-N/ Na(1-x)LaxTaO(3+x) after 20 hrs of irradiation.
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Fig. 4.36 SEM and EDXA spectra for 0.5 wt% MgO Fe-N/ Na(1-x)LaxTaO(3+x) after 20 hrs of irradiation.
4.3.3 CONCLUSIONS
Co-doping with La, Fe and N in NaTaO3 matrix shows better activity towards CO2 photo reduction with water, hence Fe-N/ Na(1-x)LaxTaO(3+x) employed as support for MgO loaded photo catalysts. On loading with MgO, the crystal structure and optical properties of the Fe-N/ Na(1-x) LaxTaO(3+x) has not changed, whereas added MgO increases basicity. Since CO2 is an acidic moiety, its  adsorption on basic catalyst is increased, leading to  significant improvements in photo efficiency of the material due to increase in the availability of CO2 molecules compared to bare support. 0.5 wt% MgO loaded on Fe-N/ Na(1-x)LaxTaO(3+x) photo catalyst displays maximum activity for this crucial application under our experimental conditions.
