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Abstract— This paper presents the synthesis and characterization of hybrid TiO2-ZrO2 thin films spin-coated on AISI 304 

stainless steel using spin coater at different coating speeds. To study the effect of spinning speed on the characteristics of the 

developed coatings and their capability on protecting underlying substance of AISI 304 steel against corrosion, three spinning 

speed sets were used. In this research, three spinning speed sets (L: 250-1000, M: 500-2500 and H: 750-4000) rpm were 

chosen to investigate the effect of rotational spinning speed on the characteristics of the coating films. Potentiodynamic 

polarization tests were utilized to measure corrosion rate and critical pitting potential of the spin-coated AISI 304 steel in 

simulated marine environment contains 3.5 wt. % NaCl. The corrosion test results also revealed that increasing the spinning 

speed and the nanoparticles weight percentage in gelatin to a certain limit has a positive impact on the uniform and localized 

corrosion behavior 

 

Keywords— Spinning Speed, Nanoparticles, Titanium Dioxide, Zirconium Dioxide, Gelatin, Corrosion Resistance, AISI 304 

Steel Stainless Steel.  

 

I. INTRODUCTION 

 

AISI 304 steel is mainly the most common stainless 

steel type which increase its use in a wide variety of 

industrial applications [1-2]. However, it is susceptible 

to pitting in environment containing high concentration 

of chlorine [3]. This problem has been addresses using 

various methods comprising grain consolidation [4]; 

adding alloying element to surface [5] or coating the 

surface by protective layers [6]. Titanium dioxide 

(TiO2) and Zirconium dioxide (ZrO2) are among the 

most commonly used ceramic particles oxides as 

corrosion resistance coatings [7]. The uses of coating 

with a single oxide encounter some drawbacks as the 

presence of pores and cracks in coatings [8]. Hybrid or 

multi oxide coatings can be combining the properties 

of all its components and the properties of such 

coatings and they can overcome disadvantages or 

limitations of coating with a single oxide [9].  

Gelatin is one of the promising coating materials for 

metallic implants because of its bio-compatibility, 

good adhesion characteristics and its acceptable cost. 

Recently, researchers used gelatin as matrix materials 

in ceramic bio composites in which ceramic 

nanoparticles are [10]. 

Thin films of hybrid TiO2-ZrO2 can be prepared by 

several methods such as sputtering ; among them are 

sputtering, chemical vapor deposition (CVD).The 

sol-gel spin coating has advantages such as easy 

control of concentartion, ability to mix different 

ceramic nanoparticles in the galtein, ability to produce 

finestructure and fabrication of thin film at low cost. 

Relatively few works have been done in this direction 

for hybrid TiO2-ZrO2 film prepared by sol-gel 

process. However, adopting spin coating technique can 

result in growth of a structurally, optically and 

electrically promising thin film with appreciable 

energy band gap.  

 

The aim of this study is to investigate the effect of 

spinning speed on the corrosion behavior of the spin 

coated AISI 304 stainless steel by adding a layer 

having a hybrid TiO2-ZrO2 nanoparticles dispersed in 

gelatin in simulated marine environment containing 

chloride ion.  

 

II. DETAILS EXPERIMENTAL 

 

55mm square substrates of AISI 304 steel with 

thickness of 1 mm were used. Prior to coating, several 

steps were followed to treat the substrates in order to 

clean them from contaminations and to increase 

coating-substrate adhesion. The substrates were etched 

by a solution of nitric acid hydrogen peroxide. Then 

the substrates were cleaned in acetone for 15 minutes. 

Finally, a hot air stream was used to dry the substrates. 

 

In this study numerous nanocomposites coatings 

comprising a hybrid of ceramic nanoparticles 

dispersed in polymer mixture were developed. The 

used ceramic nanoparticles were attained from US 

Research Nanomaterials Company, U.S.A.  The TiO2 

has 10-25 nm and ZrO2 has 40 nm. 

 Gelatin type A porcine skin with molecular weight 

50,000-100,000 was bought from Sigma company and 

used as a polymer mixture to hold the ceramic 

nanoparticles. The route that described by Almomani 

et al. (2018) was followed to formulate the gelatin 
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matrix. One type of hybrid TiO2:ZrO2 

nanocomposites coatings that contain TiO2:ZrO2 

(0.5:0.5) and three weight fractions of the 

nanoparticles (1, 2 and 3) wt.% were used in the hybrid 

nanocomposites coatings. Three spinning speed set 

were used in the study: L: 250-1000rpm, M: 

500-2500rpm, H: 750-4000 rpm. 

After complete gelatin dissolution, and adding the right 

percentages of the nanoparticles, magnet stirrer 

(Dragon Lab, MS-H-S) was used for 24 h at room 

temperature to confirm homogeneous dispersion of 

nanoparticles. Ethyl-3-(3-dimethylaminopropyl) 

carbodiimide (EDC, Sigma) was used as a crosslinking 

agent to stabilize the gelatin structure in water.  

 

A precision spin-coater (KW-4A, Chemat Technology 

Inc.) and a vacuum pump (Gast Manufacturing) were 

operated to coat AISI 304 steel substrates with the 

prepared hybrid gelatin nanocomposites coatings. 

 

In this research, three spinning speed sets (L: 

250-1000, M: 500-2500 and H: 750-4000) rpm were 

selected to explore the effect of rotational spinning 

speed on the characteristics of the coating films.  

The surface morphology of the coated substrates was 

investigated by scanning electron microscopy (SEM) 

before the corrosion test and after the corrosion test to 

investigate the effect of the coating speed on the 

morphology of the coated samples. In this study, direct 

current polarization (DCP) test was used to investigate 

corrosion behaviour of the coated AISI 304 steel 

samples using Gamry potentiostat Ref 600 corrosion 

testing instrument. The statistical significance of the 

examined samples coating type was measured using 

one-way ANOVA analysis by Minitab software 

(Version 18). Differences were chosen to be significant 

for P-value < 0.05. 

 

III. RESULTS AND DISCUSSION 

 

Figure 1a shows uncoated AISI 304 steel surface 

before performing the corrosion test. It can be seeing 

that the surface has a tube-shaped form that was 

created during polishing process.  Figure 1b displays 

SEM images of pure gelatin coated sample at M: 

500-2500 rpm spinning speed set before corrosion test. 

It can be seen that the surface is entirely covered by a 

smooth and homogeneous layer. 

 

Figure 1c shows SEM images of 2 wt.% hybrid 

nanocomposite coated sample at M: 500-2500 rpm 

spinning speed set before corrosion test. it is shown 

that the coating layer was covered the wholly AISI 304 

steel surface and the hybrid nanoparticles distributed 

uniformly throughout the gelatin.  

 
a 

 
b 

 
c 
Fig. 1: (a) The surface morphology of AISI 304 steel before 

conducting the corrosion test, (b) SEM images of pure gelatin 

coated sample at M: 500-2500 rpm spinning speed set before 

corrosion test, (c) SEM images of 2% hybrid TiO2-ZrO2 

nanocomposites coated sample at M: 500-2500 rpm spinning 

speed set before corrosion test. 

 

Figure 2a displays the uncoated AISI 304 steel surface 

morphology after corrosion testing. A salt brittle layer 

with many cracks that filled with the corrosion 

products had covered the entire surface. The cracks 

growth can be attributed to the internal stresses that 

were initiated by the released gases during the cathodic 

reactions. The gelatin coating layer without 

nanoparticles was fully deteriorated and unsuccessful 

to protect the AISI 304 steel surface from corrosion as 

shown in Figure 2b, while the dispersion of hybrid 

TiO2-ZrO2 0.5:0.5 wt. % nanoparticles in gelation 

improve the performance of the gelatin coating in 

protecting AISI 304 steel after conducting the 

corrosion test without clear cracks or pits as shown in 

Figure 2c. It is shown that the coating is still stable 

after conducting the corrosion test with only shallow 

cracks caused by salt layer.  

 

Table 1 summarize the corrosion rates, corrosion 

potentials (Ecorr), corrosion current densities (Icorr) 

that were acquired from the Tafel scans for all 

inspected samples. It can be concluded from the Table 

1 that Icorr value can infer important information about 

the corrosion behaviour, it has a proportional 

relationship with the corrosion rate; the sample that has 

the least corrosion current density experienced the best 

corrosion resistance 

Figures 3 shows the potentiodynamic polarization 

curves of AISI 304 steel coated with 2 wt.% of TiO2 

nanoparticles dispersed in gelatine at different 

spinning speed sets. The use of low spinning speed 

caused a slight reduction of the corrosion rate of AISI 

304 steel, whereas increasing the spinning speed 

results in a greater enhancement of the corrosion 

resistance for the different examined weight fractions, 

since higher spinning speeds increased the centrifugal 
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forces, which enhance the top coating surface 

smoothness decreased the nanoscale roughness and 

enhance the coating adhesion to the substrate. 

Figures 4 shows the effect of both spinning speed and 

weight fraction of dispersed hybrid TiO2-ZrO2 

nanoparticles 0.5:0.5 weight fraction, on the corrosion 

rate of AISI 304 steel. For the sake of comparison, the 

corrosion rate of uncoated AISI 304 steel is shown as a 

horizontal dashed line on the plot as a baseline. The 

results showed that the medium speed set (500-2500 

rpm) reduce the corrosion rate slightly compared to the 

high spin coating speed set (750-4000 rpm), such result 

can be attributed to the reduction in coating thickness 

with increasing the speed. Therefore trade-off between 

spinning speed and coating thickness must be taken 

into account while choosing the appropriate spinning 

speed set. 
 

Fig. 2: (a) The surface morphology of the uncoated AISI 304 

steel after conducting the corrosion test, (b) SEM images of 

pure gelatin coated sample at M: 500-2500 rpm spinning speed 

set after corrosion test, (3) SEM images of 2% hybrid 

TiO2-ZrO2 0.5:05 wt.% nanocomposite coated sample at M: 

500-2500 rpm spinning speed set after corrosion test. 

 

 
Table 1: Corrosion rates and electrochemical constant values 

for the uncoated AISI 304 steel sample and AISI 304 steel 

coated with hybrid TiO2-ZrO2 dispersed in gelatin samples. 

 
Fig. 3: The potentiodynamic polarization curves of AISI 304 

steel coated with 2% wt. of hybrid TiO2-ZrO2 0.5:0.5 wt. % 

dispersed in gelatin at different spinning speed set (L: 

250-1000, M: 500-2500 and H: 750-4000) rpm 

 

 
Fig. 4: Corrosion rate (10-3mpy) of AISI coated with different 

hybrid TiO2-ZrO2 0.5:0.5 nanoparticles percentages (1,2 and 

3% wt.) at different spinning speed sets (L: 250-100, M: 

500-2500 and H: 750-4000) rpm. 

 

IV. CONCLUSIONS 

 

In this study, gelatin-hybrid nanocomposites coatings 

were created using spin technology over AISI 304 steel 

substrates. The effect of spinning speed on the 

corrosion behavior of the spin coated AISI 304 

stainless steel by adding a layer having a hybird 

TiO2-ZrO2 nanoparticles dispersed in gelatin in 

simulated marine environment containing chloride ion. 

Based on the results of this study; the following points 

can be concluded: 

1-Coating AISI 304 steel with gelatin only does not 

cause improvement in the corrosion rate 

2-For hybrid nanocomposites coating with a mix ratio 

of 0.5:0.5for all examined weight fractions of ceramic 

nanoparticles, the use of higher spinning speed will 

result in a lower corrosion rate. 

3-Higher spinning speed will reduce coat thickness, 

enhance mixing and nanoparticles distribution through 

gelation matrix, decrease microporosities, improve 

surface smoothness, decrease nanoscale roughness, 

and increase coating-substrate adhesion 
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