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Abstract 

Films of Fe2O3: Mn were obtained using ultrasonic spray pyrolysis technique. Deposits of this material were made 

on Titanium plates in a temperature range of 350 to 600 °C in steps of 50 °C. The concentrations of Fe and Mn 

varied in the solutions to be sprayed. For the concentration of 0.0015 molar of Fe and 0.0035 molar of Mn and at 

a temperature of 600 ° C it was obtained that the absorpbance has a value of 0.943 and the emittance value of 

0.07, which are competitive to the commercial absorber TiNOx. X-ray diffraction analysis shows that the phase 

that this material presents corresponds to the structure of the hematite, on the other hand, the roughness analysis 

of the films show that this parameter varies depending on the deposition temperature, being fundamental in the 

optical response of the material. 
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1. Introduction 

 
The global energy demand has increased over the years, and solar energy considered as an option to support more 

intensely in meeting the annual energy demand that required at this time (630 EJ/year). Currently, research is 

being carried out on various materials for its application in efficient solar energy technology to bring it to an 

industrial scale. In the case of solar absorber materials, it is necessary to achieve high standards in solar 

absorpbance and thermal emittance. Additionally, this type of material is required to be stable, non-toxic, abundant 

in nature, absorb ultraviolet wavelengths, and high energy. An example of this type of s olar reference material is 

TiNOx, which achieves a solar absorptance of 0.95 and an emittance of the order of 0.06. M.S. Tomar and F.J. 

García (1981). 

 
A material that potentially used in these applications has been Hematite (-Fe2O3), which is considered an n-type 

semiconductor with the closed-package hexagonal crystal structure, has a high corrosion resistivity and its 

production is low-cost,  J. Chen et al. (2005). This material allows taking 40 % of the incident solar radiation. As 

reported by S. Kumari et al. (2007) the properties of iron oxide can be altered by varying some parameters such 

as the introduction of extrinsic defects and/or the alteration of extrinsic defects by doping. Another advantage of 

this material is the diversity of preparation methods to synthesize it and various techniques have been used to 

obtain it. On the other hand, Gurudayal et al. (2014), it shows that Mn is an excellent option to doped Fe2O3. Due 

to its position in the periodic table the atomic radii of the Fe3+ and Mn2+ ions are similar between them which 

implies that there no significant distortion of host lattice, it is also known that Mn generates states within the Band 

Gap of  Fe2O3 P. Liao and E. Carter (2012) and B.A. Balko et al. (2001) which are used to make solar absorption 

more efficient. Reports shown by F. Achouri et al. (2014) show that Mn is an excellent solar absorber because it 

are in the spectral region of UV-VIS M. 
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In the specialized literature are few reports of this material and its obtaining in Manganese-doped Hematite 

structure as well as study of its response as a solar absorber. Obtaining materials in film form is an important 

research branch, which has allowed the development of various physical and chemical techniques to obtain 

materials in this form for various applications. The spray pyrolysis technique corresponds to a technique of 

chemical type that uses precursors in solution Gurudayal et al. (2014), this technique stands out from others 

because it does not require expensive accessories or some atmosphere to perform the synthesis of the materials. 

The advantages of technique are obtaining of material in the form of a film with high adhesion and chemical 

stability, characteristics that have allowed the obtaining of porous, dense, multilayer films and even the production 

of powders. The use of this technique has had successful results in obtaining materials for use in solar cells as 

well as semiconductors R.R. Chamberlin and J.S. Skarman (1966) and J.E. Hill and R.R. Chemberlin (1964) 

 

In this research, the results obtained from films of -Fe2O3 doped with different concentrations of manganese 

synthesized employing the ultrasonic spray pyrolysis technique to obtain of a material that has the properties of 

good solar absorber. The preparation method described, the solar absorptive analysis, thermal emittance, the 

characterization of the material by XRD as well as the Perfilometry studies are carried out and reported. As far as 

we know the research of these films of Fe2O3: Mn is practically non-existent in the literature on this subject. 

 

2. Experimental Methodology 

The substrates used for depositing the film material by the pyrolytic reaction are high purity titanium sheets, 

99.9%, cut into 2 x 2 cm2 samples. The substrates  were washed with water and detergent. After that, the samples 

were dipped in ethanol and a second wash is carried out by immersing the samples in hot acetone to remove the 
remaining residues of fat on the surface. 

To obtain Fe2O3 films contaminated with manganese, the following substances were used as precursors; FeCl3 

6H2O (Meyer 97%) in a concentration of 0.0015 mol / l and MnCl2 4H2O (Tecsiquim 98%) in a concentration of 

0.0035 mol / l. In all cases deionized water was used as a solvent. To obtain the solution to be sprayed, proportional 

volumes of the precursor are mix to obtain 100 ml of the solution to be spray. The solution is spray for 15 minutes 

at a flow of 5 L / min, using dry air as the entraining gas, at temperature ranging from 350 °C to 600 °C, at 50 °C 

intervals to deposit various samples. 

The titanium sheets as substrates were placed on the tin bed and the material immediately deposited. The deposits 

made inside an air hood so that the vapors of the reaction come out and do not affect in the reaction that it is 

happening. It is shown that this procedure is the ideal one for the coating deposit in order to reach the good optical 

response of the material. 

Once each sample obtained, it was cooled and then subjected to a heat treatment for two more hours at the 

preparation temperature to stabilize the phase. Subs equently, each sample passed to structural, optical, and 

morphological characterization. The total spectral reflectance of the samples were obtained with the Varian Cary 

5E UV-VIS Spectrophotometer using an integration sphere. Based on this measurement, the total solar 

absorptance of the samples evaluated by the integration of the reflectance spectrum. UV- VIS Spectrophotometer 

was initially calibrated using NASA international Standard equivalent to (BaSO4)3 as base line. FTIR was 

calibrated using an international standard for emittance value (Device and services Co Standard). 

To determine the thermal emittance of the samples, we start by manipulating the reflectance spectra of the samples 

in the infrared region. Such spectra are performed with an Infrared spectrophotometer with FTIR Fourier 
transform from Thermo Scientific, model IS50 FT-IR 

In the case of profilometry analysis, a Stylus Profilometer Bruker Dektak XT was used for areas of 1000 mm2, 

while the Atomic Force Microscopy analyses were performed using an Ambios Technology Inc Q Scope 250/400. 

The structural characterization analyses of the samples was measure using a Bruker D8 Advance X-ray 
diffractometer. 
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The measurements of optical properties of commercial TiNOx made from a sample of this material on glass, 
which is the material used in the manufacture of the evacuated tubes of commercial solar collectors. 

3. Experimental Methodology 

The experimental process consisted of making deposits of Fe2O3: Mn on titanium substrates for different 

concentrations of Fe and Mn ions. Preliminary analyzes allowed to fix a concentration of Fe in 0.0015 mol/l and 

Mn in 0.0035 mol/l in solution to use in this research. The first analyzes focused on knowing how to modify the 

appearance of deposit as well as the roughness of film as a function of temperature. The results are shown in Table 
1. 

Table 1. Thickness and appearance of samples prepared at a concentration of Fe and Mn, (0.0015: 0.0035 in 

mol), as a function of the temperature 

 

Sample Thermal 

temperature (°C) 

Colour and 

homogeneity 

Film Roughness 

(m) 

(a) 350 Redish 1.011 

(b) 400 Redish 0.749 

(c) 450 Redish 1.170 

(d) 500 Dark redish 1.008 

(e) 600 Black color uniform 0.450 

 

Table 1 indicate how the color modified as the roughness of Fe2O3: Mn as a function of the deposition temperature. 

Whenever the deposit made at 350 °C, the reddish color is predominant over the deposits made. It can be observed 

that the roughness does not present any regularity as a function of the deposition temperature.  
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Figure 1 shows some representative images of the surfaces  roughness analysis. a) 350 °C, b) 450°C, c) 500°C y 

d) 600 °C 

 

Figure 1 shows the roughness of Fe2O3: Mn deposited at different temperatures. It can be seen that the deposits 

do not present any type of regularity either on the surface or in the roughness values. With increasing temperature, 

a decrease in surface roughness is noticeable, which is most likely the cause of the increase in solar absorpbance, 

by a trapping the incident solar irradiation of the same wavelength range that the roughness surface. 

 

The previously analyzes the storage temperature to be set at 600 °C. For the study of absorpbance and emittance, 

deposits are made for different concentrations of  Fe and Mn. It starts with the calculation of absorptance, as 

shown in table 2. 

 

Table 2. Values were resulting from solar absorption of various samples prepared by ultrasonic spray pyrolisis, 

as a function of various concentrations  of Fe and Mn, deposit at 600 °C. 

 
Sample Fe (mol) Mn (mol) Solar Absorpbance 

(a) 0.0015 0.0035 0.943 

(b) 0.025 0.0025 0.771 

(c) 0.02 0.003 0.697 

(d) 0.015 0.0035 0.755 

(e) 0.01 0.004 0.692 

(f) 0.05 0.0045 0.722 

 

The optimum solar absorptance value is obtained for the concentration of 0.0035 mol of Mn and 0.0015 mol of 

Fe, obtaining a value of 0.943 that is comparable with that reported by commercial TiNOx whose reported value 

is 0.95 [13], for the remaining concentrations this parameter does not exceed a value from 0.77 

As mentioned, a variation in temperature modifies the roughness and reflectance of the material obtained. Figure 

2 shows this behavior of the material obtained as a function of temperature compared to the commercial 

reference TiNOx. 
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Figure 2. Spectral total reflectance of Fe2O3: Mn with the fixed molar concentration of Fe in 0.0015 mol and Mn 

in 0.0035 mol as a function of temperature. 

From the results shown in table 2, as well as that shown in graph 2, the concentrations  of 0.0015 mol of Fe and 

0.0035of Mn in the solution to be deposited via the ultrasonic spray pyrolysis technique guarantee the maximum 

value of solar absorptance. To complement the analyzes, reflectance measurements made as a function of 

temperature for these concentrations of Fe and Mn. Figure 3 shows the response for some selected temperatures. 
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Figure 3. Spectral specular reflectance of Fe2O3: Mn in the infrared region, for different temperatures and a 

fixed concentration of Fe and Mn. 

Table 3 indicates the values calculated for the emittance for different temperature conditions and the fixed 

concentration of Fe and Mn. 
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Table 3. Emittance values as a function of temperature. 

 
Sample Temperature (°C) Emittance  

(a) 600 0.07 

(b) 500 0.10 

(c) 450 0.075 

(d) 400 0.038 

(e) 350 0.15 

The value of the absorptance of the material obtained utilizing the ultrasonic spray pyrolysis technique, when 

compared with the commercial TiNOx absorber, a deviation of 7% is obtained. This value shows that the technique 

used is an excellent procedure for obtaining this type of materials. In the case of the emittance, the experimentally 

reached value shown in Table 3 is comparable to that reported for the TiNOx absorber. Experimentally it has been 

shown that the values of both emittance and absorptance are comparable concerning the TiNOx commercial 

reference. As mentioned in the introduction, several techniques have been used to obtain this material; however, 

the values obtained are far below those offered by TiNOx. 

The use of the ultrasonic spray pyrolysis technique for the deposit of these coatings presents advantages in 

comparison with the techniques reported in the literature because the materials obtained by this technique are 

uniform, homogeneous, have high adhesion, are physically and chemically stable and can be deposited in areas of 

several meters and therefore can be used in the manufacture of solar cells or solar panels for finned tube solar 

collectors. 

The results mentioned above are related to the phase that has -Fe2O3, so it is necessary to show that the synthesis 

process allows obtaining the hematite phase. Figure 4 shows the diffraction pattern of both the substrate (titanium 

plates) where the deposit made and the Hematite phase corresponding to the material studied. As the storage 

temperature increases, the intensities associated with these two phases also increase as a natural consequence of 

a high level of crystallization of Fe2O3: Mn. 
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Figure 4.  XRD patterns as function of temperature 
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The peaks associated with the phases listed are presented in Table 4 (a) and 4 (b) respectively. 

 

Table 4 (a): Diffraction planes for the Ti, according to the standards  

 

Angle (°) Diffraction planes Size Crystal (nm) 

35.09 (100) 81.51 

38.42 (002) 84.43 

40.17 (101) 159.9 

53.00 (102) 83.56 

62.94 (110) 53.36 

 

 

Table 4 (b): Diffraction planes for Hematite 

 

Angle (°) Diffraction planes Size Crystal (nm) 

24.29 (012) 65.34 

33.15 (104) 79.74 

35.61 (110) 52.79 

49.47 (024) 63.74 

54.08 (116) 81.08 

 
 

Conclusions 

This research shows that the Ultrasonic Spray Pyrolysis technique is acceptable for depositing thin Fe2O3 

absorbent films doped with Mn. Analyzes performed for different concentrations of Fe and Mn. The concentration 

of Fe and Mn 0.0015 mol/l and 0.0035 mol/l respectively offer the best values of emittance and absorptance that 

lead us to a high solar selectivity. The values obtained 0.94 (3) for the absorbance, and 0.07 for the emittance are 

around to the commercial reference TiNOx, which is used commercially as an absorber coating. X-ray diffraction 

analysis indicates that the technique used guarantees obtaining the hematite phase, a fundamental element for 

absorption analysis. The diffractograms show that increase of temperature in steps of 50 °C does not modify in 

any sense the structure of the material remaining constant in the process of depositing Fe2O3: Mn, a fact that stands 

out about the temperature of deposit of the material is that the roughness is modified depending on the temperature. 

Concerning the optical properties, the reflectance spectra measured and shown in this work allow us to appreciate 

the potential solar absorber selectivity of this type of systems for the use of solar energy in solar collectors, as 

shown in Figure 2. The relatively simple technique can be considered as an option for the production of this 

material to deposit in large areas as required by the manufacturer of solar collectors, that continuing with an 

increased interest all over the world. 
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