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Abstract  

For preparation of an effective sunscreens three nanoparticles were added to the matrix for suitable improving of 

sun absorption. In this study, different types of hollow TiO2, ZnO, Fe2O3 were synthesized by sol-gel method. To 

prepare TiO2 nanoparticles, tetra isopropoxide (TTIP) was used as a precursor and methanol as a solvent and its 

photocatalytic properties were investigated. Colorants and industrial wastewater were used to study photocatalytic 

properties of pure titanium dioxide, zinc oxide and iron oxide. The prepared products were characterized by X-ray 

diffraction (XRD), scanning electron microscopy (SEM), and Fourier transform infrared (FT-IR) spectroscopy and 

UV-vis absorption. All the synthesized products were used for preparation of sunscreen cream composite. 
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Introduction 
     Today, many cosmetics for protecting sun ray 

combine UV filters are used while there is a few 

research to determine these compounds in 

sunscreens. There is no report to carbon-zinc oxide 

and carbon structures -Titanium dioxide indicates a 

reduction in the sun ray compared to pure titanium. 

Therefore, the use of these nano-composites in 

sunscreens creates a micro- layer, which gradually 

penetrates and protect skin against cancer. 

Investigation and study of structural, photocatalytic, 

optical, elemental and chemical properties of 

samples were evaluated using different methods 

such as XRD, SEM, FT-IR, UV-Vis, and the 

photocatalytic properties of nanocomposites 

prepared in the sunscreen cream. Therefore, the use 

of nanostructured composites in the sunscreen 

creates the most protection against ultraviolet 

radiation UVA-UVB. If titanium dioxide is 

combined with other blockers, like oxide, it is more 

beneficial for the skin and acts as a micro cover. In 

addition, porous iron oxide protects the skin from 

light waves and is a good supplement to limit UV 

rays [1-5]. Among different semiconductors, 

titanium dioxide (TiO2) and zinc oxide (ZnO) are 

the most popular photo catalysts that have 

demonstrated a high photosensitivity and chemical 

stability. They are non-toxic and low cost photo 

catalysts with stable photo generated electrons and 

holes under UV light irradiation. Among those 
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nanoparticles, titanium dioxide (TiO2) is frequently 

used in the production of paints, paper, plastics, 

welding rod-coating material, cosmetics, etc. 

Activated by UV-A irradiation, its photocatalytic 

properties have been utilized in various applications. 

Also it has applications like medical, environmental, 

sensor, photocatalytic and also its health impact for 

long-term exposure are discussed. Firstly, Titanium 

nanoparticles were synthesized by a (Tetra is prop 

oxide) TTIP chemical material, and hollow TiO2 

nanocomposites were prepared via a green Sol-Gel 

method. The photocatalytic behaviour of C-TiO2 

nanocomposite was evaluated using the degradation 

of acid black and acid blue and methyl orange under 

UV light irradiation [6-9].  

ZnO nanoparticles were synthesized by a chemical 

precipitation, Zn(NO3)2 and then ZnO hollow 

nanoparticles nanocomposites were prepared via a 

green hydrothermal method in the presence of 

ammonia. Effects of time, pH and photo catalyst 

field on the morphology and particle size of the 

products were investigated. These nanoscale 

materials can generate highly oxidizing reactive 

oxygen species when exposed to ultraviolet 

radiation, the anatase phase of TiO2 is more active 

than the rutile phase in photo catalysis [10-12]  

 

2. Materials and Methods 

2.1. Materials and methods 

All the precursors and salts were purchased from 

Sigma-Aldrich or Merck company. Purity of the 

products were around 99.9 %. XRD patterns were 

recorded by a Philips, X-ray diffractometer using 

Ni-filtered CuKα radiation. SEM images were 

obtained using a KYKY-EM3200 instrument model 

1455VP. All the chemicals were used as received 

without further purifications, Hollow carbon 

titanium dioxide show an increase in photo-catalyst's 

properties by increasing the surface to volume ratio 

with an average diameter of 58., SEM operating at 

20 kV with a magnify output of 40 000X. 

 

2.2. Synthesis of C/TiO2 nanoparticles 

First 0.36g of titanium tetraisopropoxide (TTIP) of 

were dissolved in 30 ml of distilled methanol, and 

then 0.11 g of nanocarbon was mixed on magnetic 

stirrer for 10 min. Then 1 ml of water distilled water 

and 2 ml HNO3 solution as precipitator the pH of 

solution and was fixed to 2. The product then was 

dried in oven for 1h and was calculated at 500°C for 

2h. 

 

2.3. Synthesis C-ZnO nanoparticles hydrothermal 

method 

0.3 g of carbon were dissolved in 200 ml of distilled 

water. 1 g of Zn (NO3)2 was then added to the 

solution, and it was mixed on magnetic stirrer for 10 

min. Then 1/5ml of NH3 was slowly added as 

precipitator, until pH of the solution reach to pH: 9. 

The resultant solution was then transferred to a 

Teflon-lined stainless steel autoclave and was heated 

at 160 °C for 6 h. The obtained light yellow 

precipitate was washed twice with distilled water.  

The product then was dried in oven for 1h and was 

calcinated at 500°C for 2h. 

 

2.4. Sunscreen synthesis contains ZnO, Fe2O3 and 

TiO2 nanocomposites 

Firstly 1gr of synthesized hollow core ZnO was 

dispersed in 80 gr of cold cream made of (Vaseline, 

lanolin, paraffin, oyseren, glycerine, Distilled water, 

Wool oil) we do mix. Then 1gr of hollow core TiO2 

was added to the cream and was mixed for 10 min. 

After that 10ml of glycerine was slowly added to, 

Materials and we do mix for 10 min. After that 1g of 

PABA (Para amino benzoic acid) and 10 ml distilled 

water (ionized water) were added. 

 

3. Results & Discussion 

   Fig. 1-a) illustrate schematic preparation of TiO2 

nanocomposite and hollow structures, also Fig. 1-b) 

show ZnO nanocomposite preparation 

schematically. Fig. 2-a) illustrates XRD pattern of 

carbon-titanium dioxide product. It can be observed 

that pure cubic phase of TiO2 (JCPDS No.71 -1166, 

Space group: Anatase) is present in the pattern. Fig. 

2-b) illustrates XRD pattern of Fe2O3 product 

JCPDS No.79 -0007, results confirm preparation of 

pure hematite phase of nanostructures without any 

major impurity. Fig. 2-c) illustrates XRD pattern of 

ZnO product. It can be observed that cubic phase of 

(JCPDS No 80-0074) is present in the pattern.  Fig. 
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2-d) illustrates XRD pattern of cream composite 

product. It approves presence of all phases in the 

pattern.  

 
Fig.1 Schematic of preparation of a) hollow TiO2 

nano-structures and b) ZnO nanocomposite 

 

 

 
Fig 2 a) XRD patterns of C/TiO2, b) Fe2O3 
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nanoparticles, c) ZnO nanoparticles and d) XRD 

pattern of a Cream Composite 

 

 

 

Fig. 3 SEM images of a) carbon nanoparticles 

prepared by lactose and b) carbon nanoparticles 

prepared by glucose 

 

Figs. 3-a) illustrate SEM images of as-

synthesized carbon from lactose nanoparticles in 2 h 

and 300 °C. The images indicate that the 

nanoparticles with average diameter size 41nm of 

less than 100 nm were prepared. Outcomes approve 

the nucleation was preferential compared to the 

crystal growth and lower sizes were obtained 

compare to other powders. Figs. 3-b) illustrate SEM 

images of as-synthesized carbon from glucose 

nanoparticles in 2 h and 300 °C. The images indicate 

that the nanoparticles with average diameter size 

(57) nm of less than 100 nm were prepared. 

Outcomes approve the nucleation was preferential 
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compare to the crystal growth and lower sizes were 

obtained compare to other powders. 

Figs. 4-a_ illustrate SEM images of the TiO2 

nanoparticles obtained at 2 h and 500 °C show 

perfect spheres nanoparticles with diameter size of 

about 54 nm. Figs. 4-b) show SEM images of the 

C/TiO2 nanoparticles obtained at 2 h and 500 °C 

show perfect spheres nanoparticles with diameter 

size of about 58 nm. Figs. 5 depict various 

magnifications SEM images of the TiO2 hollow 

spheres with potential of 10kV, obtained at 2 h and 

500 °C show perfect spheres, Figs. 6 illustrate SEM 

images of the a) ZnO flower-like nanostructures 

were synthesized. and Fe2O3 nanostructures, nano-

rods were synthesized. 

 

 

 

Fig. 4 SEM images of a) TiO2 nanoparticles and 

b) C/TiO2 nanocomposite 

 

Figs. 7 shows the FT-IR spectrum of the as-

prepared Fig.a) carbon from Lactose. The absorption 

bands at 588cm-1 are assigned to the titanium-

oxygen (metal-oxygen bonds) stretching mode. The 

spectrum exhibits broad absorption a peak at 1421 

and 1460 cm−1, corresponding to the stretching mode 

of C - C group of adsorbed carbide group and a 

weak band near 3416 cm−1 which is assigned to O–H 

vibration mode due to the adsorption of moisture on 

the nanoparticles surface. (Fig. b) illustrate carbon 
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 from glucose. The absorption bands at 734cm-1 

are assigned to the Ti-O (metal-oxygen bonds) 

stretching mode. The spectrum exhibits broad 

absorption a peak at 1602 and 1714 cm−1, 

corresponding to the stretching mode of C = O 

group of adsorbed Oxide group and a weak band 

near 3421 cm−1 which is assigned to bending 

vibration mode due to the adsorption of moisture on 

the nanoparticles surface. (Fig. c) is for titanium 

dioxide. The absorption bands at 588 cm-1 are 

assigned to the Ti-O (metal-oxygen bonds). 

stretching mode. The spectrum exhibits broad  

 

Fig. 5 SEM images of hollow nano spheres  
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Fig. 6 SEM images of a) C/ZnO nano composite and 

b) C/Fe2O3 nano composite 

 

absorption a peak at 1422 cm−1, corresponding to 

the stretching mode of C=O group of adsorbed 

carboxyl group and a weak band near 3402cm−1 

which is assigned to O–H bending vibration mode 

due to the adsorption of moisture on the 

nanoparticles surface. d) is spectrum of C-TiO2 

composite, The absorption bands at 501 cm-1 are 

assigned to the Ti-O (metal-oxygen bonds) 

stretching mode. The spectrum exhibits broad 

absorption a peak at 1630 cm−1, corresponding to the 

stretching mode of C=O group of adsorbed carboxyl 

group and a weak band near 3402cm−1 which is 

assigned to O–H bending vibration mode due to the 

adsorption of moisture on the nanoparticles surface. 

e) is illustrate ZnO/TiO2 cream composite. The 

absorption bands at 719 cm-1 are assigned to the Ti-

O (metal-oxygen bonds) stretching mode. The 

spectrum exhibits broad absorption a peak at 1738 

and 1643 cm−1, corresponding to the stretching mode 

of C = O group of adsorbed carboxyl group and 

spectrum exhibits broad absorption a peak at 1169 

and 1045 cm−1 corresponding to the stretching mode 

of C - O group of adsorbed carboxyl group and a 

weak band near 3361 cm−1 which is assigned to O–H 

bending vibration mode due to the adsorption of 

moisture on the nanoparticles surface. 
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Fig 7. FT-IR spectrum of a) carbon nanoparticles 

by lactose, b) carbon nanoparticles by glucose, c) 

TiO2 nanoparticles, d) C/TiO2 hollow nanoparticles 

and e) cream composite 

 

UV-Vis absorption spectra analysis  

Photo-degradation in methyl orange and acid red 

through photocatalytic oxidation processes, which 

involve a large number of reactive types including 

h+, O2-, and OH radicals.  

The photo–degradation of azo dye is shown in 

Fig. 8,  

Following are the proposed reactions that 

occurred during the degradation of pollutants in the 

presence of TiO2 :  

TiO2 + hυ (UV) →e- + h+ 

e- +O2 → O2
- 

h+ + OH- → OH 

O2
- + H2O → OH 

OH + pollutants → degradation of pollutants [13-

17]. 

The degradation ratio η(%) of dye was calculated 

by using the following equation: 

η % = = 100 × [ (A0-A) ]/A0                                                                        

(1) 

Where A and A0 are the absorbance of azo dye 

before and after exposure under simulated UV light, 

respectively.. 

 

 

Fig 8. Photo-degradation under UV-vis irradiation (a) methyl 

orange (b) acid red 

4. Conclusions 

     Different types of hollow TiO2, ZnO, Fe2O3 were 

synthesized by sol-gel method. Titanium dioxide 

nanoparticles were prepared by tetra isopropoxide as 

a precursor and its photocatalytic properties were 

investigated. Colorants and industrial wastewater 

were used to study photocatalytic properties of pure 

titanium dioxide, zinc oxide and iron oxide. Phase of 

nanostructures were characterized by X-ray 

diffraction, shape and morphology was investigated 

by scanning electron microscopy, purity was 

examined by Fourier transform infrared 

spectroscopy and band gaps were estimated by UV-
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vis absorption. All the synthesized products were 

used for preparation of sunscreen cream composite. 
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