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ovel method doped carbon with nanoparticle Cr2O3 and thin film has 

been studied in much thought in wavelength range, the doping can help 

new excellent physical and chemical properties for carbon, this 

application has a semiconductor feature. Nanocomposite thin film deposited on 

copper and glass substrates have been created by utilizing Spray Pyrolysis 

method. The precursor solution for the nanocomposite (Cr2O3/C) was blended 

with the polyethylene glycol as a colloidal. The optical band gap is a crucial 

property for the nanocomposite, for instance, nanocomposite thin film of 

Cr2O3/C was kept by shower process on glass and copper substrates. The band 

gap for the nanocomposite photo-catalytic has been finished using X-ray 

diffraction, UV-Vis spectrometer. The assessed optical band gaps for direct and 

indirect transition values determined and were 3.5, 3.25 eV and photon energy 

1.65 eV to carbon doped by nanoparticle Cr2O3. Thin film thickness ranging 

between 45-160 µm This paper achieved the doped carbon by nanoparticles of 

Cr2O3 for thin layer coating in flat plate collector. New coating activity may be 

given by novel nanocomposite Cr2O3/C structure as a semiconductor. Results 

showed a new nanocomposite to enhance the absorption of the solar energy light 

activity. Prog. Color Colorants Coat. 13 (2020), 143-154© Institute for Color 

Science and Technology. 
 

 

  

  

  

  

  

1. Introduction 

After Studies and applications in nanomaterial's are 

attracted in enormous consideration in both principal, 

because of their novel physical and chemical properties 

to dope the change metal particles to product, photo-

catalytic forms can possibly yield real strides forward 

in most eminently in taking care of clean energy 

demand and handling the natural contamination [1-6]. 

The advancement of successful semiconductor photo-

catalysts has in this manner rise into a standout 

amongst the most critical objectives in materials 

science [7]. 

For a long time, the most inquired about the 

nanoparticles material is Cr2O3; it has given the most 

proficient photo-catalytic action, highest stability, least 

cost and most minimal danger [8,9]. Study the 

characteristics of CNT synthesis throughout the 

thermal decomposition on a catalyst Ni/MgO by 

microwave radiation to increase the surface area for the 

catalyst from 5.2 to 9.1 m2/g and study the microwave 

radiation effect on the catalyst to improve its efficiency 

for the nano product [10-14]. 

Progress metal oxide NPs has numerous 

applications as catalyst in solar energy conversion [15], 

superconductors [16] and absorbents. The Eg amounts 

specified and were from 2.34 to 2.40 eV for virgin and 

doped TiO2 particles with copper. It was utilized for 

photo-degradation of amido black dye in water [17-21].  

N 
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Metal-oxides constitute an essential class of 

materials that are associated with natural science, 

chromium oxides have pulled in much consideration as 

of late due to their significance both in science and 

innovation. Uncommon consideration has been 

concentrated around the arrangement and properties of 

chromium oxide (Cr2O3), which is essential in 

particular, connected applications, for example, it has 

resistance for high-temperature [22], it has corrosive 

resistance, green color [23], and catalysts [24]. It is 

significant that characteristic properties incredible 

activities have been committed to the examination of 

various Cr2O3 materials combination [25]. It gives high 

surface zone and particular partiality for absorption in 

composite. 

Nanoparticles Cr2O3 gives promising developments 

to compound; energy growth as a result of its strong of 

photons that produced in holes, recently, a broad 

thought has been focused around assembling particular 

Cr2O3 nanoparticles [26, 27]. The Cr2O3 Nanoparticles 

have been made by various techniques including sol-

gel, PVD, CVD, and co-precipitation [28]. 

It is remarkable that respectable metals have unique 

electronic and reactant properties, for example, 

examined its observable light activity for the photo-

catalyst of regular blends [29]. The carbon doped by 

Cr2O3 nanoparticles organized to a raised temperature 

and unmistakably showed the capability of the 

Nanocomposite Cr2O3/C under evident light 

illumination. Further, to produce a good absorption for 

this coating under solar light [30].   

The absorption inspected of materials inside carbon 

nanotubes can be invested in tube tips, sidewalls, and 

central zones of the empty spaces. Nanotubes can give 

a generous specific surface district and a strong van der 

waals restricting energy on all around showed retention 

goals [31]. Nanoparticle Cr2O3 doped TiO2 and 

investigated by using no contact nuclear power 

microscopy (NC-AFM). This happens to constitute 

strong proof for improvement surface opportunity 

through chromium for doping of TiO2 [32]. 

By using the oblique angle co-deposition to deposit 

particularly balanced assortments of Cr/TiO2 composite 

nano rods of TiO2 that show optical properties in the 

detectable district. The effect of the Cr particles to dope 

TiO2 and exhibit the optical into the TiO2 cross section 

[33, 34]. Thin films of Cr doped TiO2 store on porous 

silicon from electrochemical anodization of multi-

crystalline Si wafers. The effect of Cr doping on the 

properties of the TiO2-Cr/PS/Si tests has been 

inspected by strategies for X-ray diffraction (XRD), 

atomic power microscopy (AFM), photoluminescence 

(PL) lifetime. Cr-doped TiO2 films were prepared using 

the sputtering deposition technique. The point for this 

work involves redesigning the undeniable light 

ingestion of the TiO2 films through Cr doping, while 

TiO2 was ingesting obliged an energy radiation as high 

as 3.2 eV [35].  

Photo-catalyst composite coatings of Cr-TiO2 on 

alumina (Al2O3) balls had been set up with Ti powder 

including a particular substance of Cr powder about 

oxidation process. The effect of these conditions on the 

structure for photo-catalytic development under UV to 

redesign photo-catalytic activity by adding Cr to TiO2 

as a coating for the alumina balls [36]. 

The band gap arranged to deal with and find photo-

catalytic semiconductor chooses to improve the photo-

catalytic activity of it [37]. The adequacy of photo-

catalytic activity depends upon high optical absorption. 

Most semiconductors have band gap regards more than 

3.0 eV, at that point it band hole arranged at around 3.2 

and 3.0 eV, exclusively. Along these lines, light is just 

consumed by the dye. The authorized electron is 

moved into the conduction band of the semiconductor 

forsaking a hole limited on the dye [38]. 

Essentially, there are two sorts of optical progress 

that can happen at the principal edge of crystalline 

semiconductors: direct or indirect advances. Hence, the 

types of the assimilation coefficient α as a component 

of photon energy (Eg= hν) rely upon the energy of 

bands. For basic allegorical groups for circuitous 

progress ((Egα)2 and (αEg)1/2) [39].  

Numerous methods to make thin film, one of these 

methods was spray pyrolysis to prepare thin film 

coating on substrate, because of straightforward to 

dope film, at any stage don't need vacuum to deposit 

coating applications, eliminates the main drawbacks of 

chemical ways like sol-gel that produces films of 

restricted thickness, and it producing thickness of the 

films at different rate of deposition. The thickness of 

film depends on the distance between the substrate and 

spray orifice, temperature of substrate, the 

concentration of solution sprayed and droplet landing 

[40]. 

In this paper Cr2O3/C, nanocomposite photo-

catalysts were first integrated to demonstrate obviously 

to light responding. These open entryways for the 

change photo-catalysis through carbon doped by 
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nanomaterial, for instance, Cr2O3 that showing the 

applications to begin a mix technique to estimation of 

photo-catalytic activity. This has been viewed as a 

remarkable semiconductor photo-catalyst as a result of 

its execution. Undoubtedly, photo-catalysis utilizing by 

carbon doped by Cr2O3 to make another semiconductor 

for setting up another material that absorbed solar 

energy, when used as a coating on the flat plate 

collector and absorbed the solar energy. The novelty to 

manufacture cheap coating by utilizing carbon doped 

with Cr2O3 to producing a semiconductor and without 

made a coating from nanomaterial's only have high 

cost. 

 

2. Experimental  

2.1. Catalyst characterization 

The specimens arranged by blended carbon and Cr2O3 

nano powder to be as a colloidal used in spray coating. 

The XRD diffraction equipment was SHIMATZU 

(CU-Kα1), radiation source (λ= 1.5406 Å) at 30 Kv 

and 20 mA, used to decide the compositions and 

precious crystal structures. The surface morphologies 

and cross-sectional microstructures of the examples 

were measured. The optical absorption spectra of the 

composite were recorded utilizing SHIMATZU 1650 

PC UV-VISIBLE spectrophotometer for the samples, 

with a wavelength range of 200–800 nm. 

The FT-IR spectrophotometer is a SHIMADZU 

FTIR-8300 FOURIER TRANSFORM INFRARED 

SPECTROMETER, it's wavelength from (200-4000 

cm-1) for spectral band width (2 cm-1). 

 

2.2. Chromium Oxide Nanoparticle  

The purity of Cr2O3 (99.9%, normal distance across of 

18.51 nm) and nanoparticle size of Cr2O3 is 

(18.51 nm) when inspected by AFM device, Figure 1 

clarified the diameter of the particles and AFM picture 

in 3D dimension 

 

2.3. Carbon Particles 

Carbon have been set up from the market and working 

some procedure on it from: granulating and sieving to 

accomplish small scale molecule at that point taking 

EDS for the carbon molecule we find that  

the measurement of the molecule between 

(20.51-140.0 µm) was clarified in Figure 2. 

 

 
 

Figure 1: Size of Cr2O3 nanomaterial by AFM device. 
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Figure 2: Carbon EDS by SEM equipment. 

 

So, the carbon powder gotten by a process after 

isolating it in a sifter (550 µm), then grindery the 

carbon and isolating it in the sifter (125 µm) and by 

SEM surveying the particle of the carbon and it find 

around (20.51-140 µm) shown in Figure 2. The carbon 

was sieving by a strainer (75 µm) and the atoms were 

around (2.592-25.48 µm), clarified in Figure 3. The 

EDX for the carbon specified from the SEM equipment 

and determined the composition of the carbon. 

 

2.4. Synthesis Colloidal sol utilized in spray 

coating   

The Wt% of Cr2O3 with carbon was added to 

polyethylene glycol (PEG 400) to set up the colloidal 

before were the colloidal blended for (1 h) by a stirrer 

to ensure the creation of a Cr2O3/C composite. The 

composite scattered in PEG400 with add distilled water 

to PEG400 in the lab at room temperature, after that 

place it in the glass tube to start in coating the 

specimens by spray pyrolysis method. This equipment 

clarified in the Figure 4. The air blower was utilized in 

the spray coating to blow the air under the activity of 

spray process. 

In the beginning of the spray procedure through the 

glass tube the colloidal pour from the hole in the top of 

the tube glass over, then will be showered on the 

samples through the glass tube. 

 

 
Figure 3: SEM-EDX for carbon in final stage. 
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Figure 4: Spray pyrolysis equipment . 

 

This glass chamber worked as a vacuum to show the 

effect inside the glass chamber to allow air to blend with 

colloidal beads in the end of a capillary tube to shower 

the colloidal on the samples. The air inters the side hole 

and meeting the beads of the colloidal toward the 

capillary tube to change the air pressure inside the glass 

cone. The spray cone shape implements on the samples 

that will be under the sprinkle space, the sample size was 

(2.5× 2.5 × 0.2 cm3) was from the glass and copper as 

substrates. The sample puts under the atomizer, then 

putted underneath variation heater to enabling the 

sample to warming before begin in spray technique. The 

distilled water and PEG400 will vaporize under warming 

and samples will be dry. When completed the test; the 

dried samples puts in the furnace at temperature (250 oC) 

for (6 h) to guarantee the crystallization of the composite 

and leave them in the furnace to the next day when 

turning off the furnace. 

 

2.5. Spectrally selective coatings for synthesis 

semiconductor (SSCs) 

A novel design by utilizing Cr2O3/C nanocomposite as 

a semiconductor material that used as a coating for 

spectrally selective coatings (SSCs) on the surface of 

the flat plate collector. It is required to yield the light 

absorptivity in VIS–NIR extends because of the 

inherent band gap of nanocomposite Cr2O3/C (3.5 eV) 

for direct allowed transition and (3.25 eV) for indirect 

allowed transition. The carbon doped by using 

nanoparticle from Cr2O3 in the covering is 

exceptionally advantageous for spectrally selective 

coatings (SSCs) applications. Spray coating was 

utilized to deposit the Cr2O3/C onto a cleaned copper 

substrate (Cu) surface and glass. The nanocomposite 

(Cr2O3/C) particles were scattered in a natural 

dissolvable, for example, (PEG 400), and blending to 

make a uniform colloidal. The film thickness was 

controlled from (45 to 160 µm) by modifying the 

shower covering conditions; this was inspected by 

SEM device. The film thickness compared by a great 

company, for example the ALMICO Company that 

analyzed its film thickness for covering by TiO2.  

 

3. Results and Discussion 

3.1. SEM measurements 

The SEM picture shows nanocomposite Cr2O3/C as a 

semiconductor from tests, Figure 5 indicate 

nanocomposite layer after coating on the samples. The 

thickness of the produced films was (45-160 µm) 

measured using SEM (Scanning Electronic 

Microscope: Inspect S50), where the thickness was 

produced films of Cr2O3 doped Carbon when 

precipitated on glass films. 

 

3.2. XRD measurements  

The nanocomposite Cr2O3/C has been precipitated at 

room temperature on the samples and tested by 

utilizing X-ray diffraction equipment. The XRD 

demonstrates pinnacles of nanoparticles Cr2O3 and 

carbon before and after spray method for the samples 

are impressively expanded are appeared in Table 1. 

This expansion of XRD test does not make any change, 

this prove that the nanocomposite is a semiconductor 

because the position of the angles for the nano powder, 

carbon and the nanocomposite are the same before and 
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after the coating (Figure 6). 

The Table 1 displays the crystalline size (D) in 

Angstrom and the diagram represents polycrystalline of 

the Cr2O3/C that scored in the diagram, the crystalline 

size was calculated according to Debye-Scherrer 

formula and the diffraction heights consequently 

obtained from X-ray diffraction data that obtained from 

doping [42]. 

 

 
Figure 5: Nanocomposite film thickness . 

 

 
Figure 6: Nanocomposite (Cr2O3/C) before and after doping. 

 
Table 1: Peaks of crystalline size for nanocomposite Cr2O3/C before and after doping. 

NO. 2Theta   (deg.) D    (Ao) I/I1 FWHM Intensity (counts) 

1 22.80 3.89 12 0.155 12 

2 31.12 2.87 37 0.23 36 

3 33.13 2.70 10 0.09 10 

4 36.72 2.44 100 0.23 97 

5 44.71 2.03 28 0.22 27 

6 55.49 1.65 15 0.16 15 

7 65.15 1.43 39 0.26 38 
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The particle size was calculated using the 

Scherrer’s formula as [41] (Eq. 1):   
 

D = 0.9λ/	β	��� �  (1) 
 

Where D is the normal molecule estimate opposite 

to the reflecting planes, (λ) is the X-ray wavelength, (β) 

is the full width at half maximum (FWHM), and (θ) is 

the diffraction point.  

The Absorption coefficients (α), (Io) measured as 

the capacity of the energy of photon incident. Equation 

2 depends on the Beer-Lambert law for optical 

absorption, (I) the transmitted light of the film with 

thickness (t), absorbance (A), and the absorption 

coefficient (α) which appeared in the accompanying 

condition [43]: 
 

α =	
�

�
∗ 	
	�	

�


�
	) = 2.303   

�

�
	…  (2) 

 

3.3. Band gap energy analysis 

The absorbance versus wavelength follows for the sum 

total of tests have been recorded in the range 300-800 

nm as appeared in Figure 7. The absorption, which 

relates to electron excitation from the valence band to 

conduction band, can be utilized to decide the nature 

and estimation of the optical band gap. The connection 

between the absorption coefficients (α) and the incident 

photon energy (hν) can be composed as. The energy 

gap calculated from the optical band gap of the thin 

film for nanocomposite Cr2O3/C from the equation 3 

[44, 45]:  

hν× α =A× [ hν- Eg ]n    (3)  
 

Where (h) is the Planck constant (6.63 E-34), (ν) is 

the frequency (HZ (1/s)), Eg is the optical energy hole 

and A is exact consistent and exponent n relies upon 

the kind of progress. For direct allowed (n = 1/2), 

indirect allowed transition (n = 2).  

To quantify the energy band hole from the 

absorption spectra a diagram (αhν)2 versus (hν) is 

plotted. The extrapolation of the straight line gives the 

estimation of the energy band hole. At that point from 

the resultant of the Cr2O3/C, found that the direct 

allowed band gap estimations of Cr2O3/C have been 

observed to be (3.5 eV) for direct transition, (3.25 eV) 

for indirect transition and the photon energy is (1.65 

eV). At that point the outcome from the information of 

the results was shown in Table 2. 

 
Table 2: Nanocomposite transition (direct and indirect) . 

Direct Indirect Photon Energy 

3.5    eV 3.25   eV 1.65   eV 

 

Then the Figures 8 and 9 show the result of the data 

for the direct, indirect transition and photon energy for 

a band gap to the nanocomposite Cr2O3/C. The optical 

properties of the thin film for the nanocomposite are 

measured in the wavelength from (300-800 nm). The 

band hole is dictated by the reflection UV-Vis spectra 

of Cr2O3 doped carbon appeared in Figures 8 and 9 [46, 

47].  

 

 
Figure 7: Absorbance of nanocomposite Cr2O3. 
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Figure 8: Direct transition for the nanocomposite. 

 

 
Figure 9: Indirect transition for the nanocomposite. 

 

3.4. Transmittance analysis  

Nanocomposite transmittance for all samples inspected 

by the SHIMADZU equipment in UV-IR wavelengths, 

the resulting showed that there is no transmittance for 

the nanocomposite for all samples during the tests. The 

Figure 10 showed the relationship drawn between the 

transmittance and the wavenumber for results test. The 

relation illustrates the transmittance start from the UV 

region as a 0.15 value and when it arrived at the visible 

region descended to zero value; this confirms that there 

is no transmittance and be as opaque materials. This 

nanocomposite when precipitated on the substrate 

doesn't permit the electromagnetic wavelengths as a 

solar energy to transmit through it [48, 49]. 

  

3.5. FT-IR analysis  

The covalent bonds in molecules are not rigid sticks or 

rods, which is found in molecular kits in the crystalline 

lattice for the compounds but likes stiff springs that can 

be stretched and bent. The absorption spectra obtained 

of compounds that are a unique reflection of their 

molecular structure in the crystalline lattice. The 

absorption bands in the region from (400-900 cm-1) are 

usually due to stretching vibrations of di-atomic units, 

and this is sometimes called the group frequency 

region, in the FT-IR spectra broad band of 

nanocomposite Cr2O3/C that precipitates on the 

substrates. The peaks of Cr-O bonds stretching 
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vibration appears in Figure 11 shows sharp absorption 

bands falls at regions (489.9, 597.9, 659.6 and  

785 cm-1), respectively. In the present investigation, the 

observed peaks illustrate the peaks of Cr-O bond 

stretching vibration which be as a finger print of 

nanocomposite Cr2O3/C [50, 51]. 

 

3.6. Seebeck effect analysis 

The Seebeck effect experiments found that if a piece of 

a composite is connected to a voltmeter by two metal 

connections, and one side of the composite is heated on 

the heated surface, and the other keeping in a cool 

surface then the galvanometer indicates that a current 

flows. From this thermoelectric effect was discovered 

during the experiment of the nanocomposite, whilst the 

results of the experiment were proved for this 

nanocomposite to be a semiconductor and the results 

exhibits a positive and negative resistance for each 

sample of nanocomposite that precipitated on the 

substrates. Then the Seebeck effect only appeared 

when two dissimilar metals are connected as a 

composite. There is a temperature difference be 

determined across the semiconductor of the 

nanocomposite recorded from the reading of the 

thermometers and the voltage difference reading by a 

voltmeter [52]. 

 

 
Figure 10: Nanocomposite transmittance. 

 
Figure 11: Nanocomposite finger print region. 
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Figure 12: Nanocomposite Seebeck experiment. 

 

Nanocomposite (Cr2O3/C) in Figure 12 exhibits the 

Seebeck effect diagram for the relation between the 

voltage difference and the temperature difference to 

gain the value of Seebeck effect and was between (960 

to 6500 µV K-1), from the results of the Seebeck effect 

prove that the nanocomposite (Cr2O3/C) was a 

semiconductor synthesis by spray coating method.  

Finally, from the above results exhibited that 

carbon doped with nanomaterial Cr2O3 to be a 

nanocomposite Cr2O3/C. it is proved a semiconductor 

and has a good property toward the sun light. Thereby, 

it will be a good layer coating to absorb the solar 

energy, when utilized as a coating on the flat plate 

collector and absorbed the solar energy. 

 

4. Conclusion 

Carbon doped by nanoparticle Cr2O3 incorporated the 

photo-catalysts productivity; this created is solid and 

versatile for orchestrating Cr2O3 doped carbon photo-

catalyst. The nanocomposite Cr2O3/C show high 

noticeable light photo-catalytic action, this action is 

approved of nanoparticle Cr2O3 to doping carbon 

particles. The band gap value in the table considering 

the incredible photo-catalytic created in an extensive 

variety of use in the solar energy. The experiments 

prove that the nanocomposite was a semiconductor 

manufactured in this research and be a good coating in 

the flat plate collector to absorb the solar energy in 

excellent way without any transmittance or reflectance 

of the solar energy from the surface of the flat plate 

collector, because this coating will be a trap to the solar 

energy. The values of the energy gaps were (3.5 and 

3.25 eV) for direct and indirect transition, photon 

energy was 1.65 eV. The design and creation of a 

semiconductor structure based utilized as a part of 

spectrally selective coating (SSC). The nanocomposite 

Cr2O3/C is exceptionally for short-wavelength photons 

NIR and visible region for the semiconductor band gap. 

It found that the nanoparticle of Cr2O3 have essentially 

improved the solar absorptivity compared with uniform 

nanoparticles because of the more productive light 

trapping. The results of the band gap exhibited a good 

agreement with the other researcher and there is no 

transmittance for the nanocomposite. The FTIR 

analysis showed a good band stretching for the bond 

between the molecules of the nanocomposite. The 

Seebeck effect analysis proved that the nanocomposite 

was a semiconductor. Thin film thickness was around 

(45-150 µm) coincided with global company such as 

ALMECO company. 
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