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Abstract: AISI 316L Stainless steel (SS) belongs to a sub class of Austenitic Chromium Nickel SS. It has wide range of applications due to its excellent 
property profile.  It exhibits and sustains good mechanical strength even at higher temperature and depicts better corrosion resistance. The corrosion 
performance of AISI 316L SS degrades when it exposes to acidic environment and gets corroded. The present study attempts to investigate the 
corrosion prevention performance of Polytetrafluoroethylene (PTFE) coated AISI 316L Stainless Steel exposed to H2SO4 acidic medium. The corrosion 
performance and corrosion rates are investigated in different concentration of H2SO4 using electrochemical corrosion test and Potentiodynamic 
polarization graphs. Different concentrations of H2SO4 were considered in this study. Using Scanning Electron Microscope, the morphological details of 
pre- and post-PTFE coated samples of AISI 316L SS were examined and discussed before and after electrochemical corrosion tests. It is found that in 
comparison with uncoated AISI 316L SS samples, PTFE coated samples provide a relatively good resistance to corrosion rate in H2SO4 acidic medium. 
 
Index Terms: Teflon (Polytetrafluoroethylene, PTFE), 316L Stainless Steel, Corrosion Resistance, Sulfuric Acid (H2SO4), Electrochemical Testing, SEM 
Morphology, EDX Composition 
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1 INTRODUCTION                                                                     

ustenitic SS are mostly utilized in several industrial 
applications due to their strength, corrosion resistance, and 
mechanical efficiency as due to its ability of working well in 
electrical and thermal conductivities. Amongst them, AISI 
316L SS is of countless practical attention because it is 
utilized in Pharmaceutical, water desalination, 
petrochemical and much more. AISI types 304 and 316L 
SS are utilized to handle abundant diluted acid at low 
temperature. 1H2SO4 is extremely corrosive for SS and 
includes elementary raw materials come across in the 
chemical industries. It is exciting to explore the acidity 
influence along with chloride and sulphate ions on those 
procedures. Corrosion produced in 316L SS in the 
existence in H2SO4 is stress corrosion cracking (SCC) or 
pitting corrosion. Pitting corrosion can be avoided by 
confirming that SS doesn’t come along in extended contact 
with destructive compounds or just by picking a grade of 
steel which is extra resistant to attack. 2-6In a recent study, 
Nabeel et al. (2017) prepared PTFE coating on Stainless 
Steel through spin coating technique to enhance resistant 
against corrosion in HCL medium. The corrosion property 
were studied of both coated and uncoated SS sample in 
40% concentration medium of HCL at ambient temperature. 

Through SEM morphology were studied of both coated and 
coated samples. The results shows that PTFE coating 
enhance corrosion resistance property by decreasing 97% 
rate of corrosion in HCL Media 7.  
 
Shabani et al prepared the Ti/TiN-multilayered films on 
surgical AISI 316L stainless steel by arc ion plating for 
corrosion protection. XRD and SEM used to study the 
crystallographic orientation and the surface 
morphology.8Shabani Nooshabadi et al studied Electro 
deposition of polyaniline montmorillonite nano composite 
coated on stainless steel grade 316l for reduction of 
corrosion. The result shows that the coating of polyaniline-
MMT nanocomposite can protect the sample of 316L SS 
from corrosion in harsh acidic medium.9 G. shen did TiO2 
nanoparticle coating on 316L stainless steels using sol-gel 
method. The coated sample structural and morphological 
properties were evaluated by using the atomic force 
microscopy (AFM) and X-ray diffraction. The 
electrochemical techniques evaluated the anticorrosive 
property. The results clearly showed that the TiO2 
nanoparticle coatings showed exceptional corrosion 
resistance because of ceramic protective layer on metal 
surface.9 Al2O3 and TiO2 layers coated on polished AISI 
316L Stainless Steel substrates by Atomic Layer 
Depositions (ALD) to increase their fundamental corrosion 
resistance. AFM and SEM are used to examine the surface 
morphology. Polarization curves used to investigate the 
corrosion protection offered on different substrates which 
shows that ALD coatings enhance the resistance to 
corrosion of AISI 316L Stainless Steel.10PPy/Sr-HA was 
coated on Lower carbon stainless steel grade 316 by the 
electro-polymerization of polypyrrole from sodium salicylate 
solution. The formation of coatings was characterized by by 
High Resolution Scanning Electron Microscopy (HRSEM), 
FT-IR and morphology of the coating. Ringers solution was 
applied through Atomic Layer Deposition to on the 
specimen to examine the corrosion resistance by 
electrochemical tests. Resulting the PPy/Sr-HA bilayer gas 
better corrosive resistivity for a longer duration. The effects 
of ZrO2 was studied on the corrosive behavior of NiTi 
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adaptive coatings on AISI 316 stainless steel samples and 
were laser coated with NiTiZrO2 admixed powders. The 
corrosion behavior of the composite coatings was studied in 
1 M H2SO4 using polarization methods. The characteristics 
of the powders were investigated through scanning electron 
microscope (SEM) equipped with energy-dispersive X-ray 
spectroscopy (EDS). The reduction in corrosion resistance 
increases as ZrO2 content increased in the composite 
coatings.11-13 Aravindan, M.V. Sangaranarayanan 
improves the corrosion protection property of carbon steel 
by doping Polyaniline with phosphoric acid preparing a 
composite for protection. The occurrence of chloride ions 
are significant subjects of intensive investigations due to the 
control of the corrosion phenomena under the influence of 
acidic medium. The significant and practical method in the 
corrosion resistivity of metals is the use of organic inhibitors 
to protect the metal surface from the corrosive environment, 
particularly in acidic media.14, 15Although 316L SS have 
multiple applications against corrosion due to its 
thermodynamic instability, particularly in acidic media. The 
study of 316 SS corrosion therefore called for researchers 
to investigate ways of controlling corrosion, particularly in 
acidic media. In a recent paper Waseem et.al investigated 
the corrosion performance of 316 SS with PTFE coating in 
HCL and HNO3 environment and observed excellent 
corrosion performance. It was observed that the corrosion 
performance of Teflon coated sample with that of uncoated 
316L SS sample in HCl medium showed a protection 
efficiency (PE) of 96.7%, and in the case of HNO3 medium, 
the PE was 99.02%.16 The aim of this research to coat 
PTFE onto 316L SS, to develop coating that resist 
corrosion and acidic effects and to investigate the 
electrochemical performance of PTFE coating on 316L SS. 
In this study, the corrosion performance has been 
investigated using electrochemical corrosion test. Several 
H2SO4 concentrations were used in this study. The 
morphology and composition of the uncoated and PTFE 
coated samples were examined before and after the 
electrochemical corrosion tests using scanning electron 
microscopy (SEM) and Energy dispersive x-ray 
spectroscopy (EDX). Section number II describes the 
experimental details of the study. Section III presents the 
results and discussions. The conclusions are summarized 
in IV section. 

 
2 EXPERIMENTAL PROCEDURE 
The samples of AISI 316L SS were separated from sheets 
using laser cutting with 15 ∗ 15 ∗1 mm dimension. These 

samples were refined using grinder from its ends for the 
elimination of slag for improved surface coating. The 
distilled water was rinsed off. A sample needs to be clean 
for film preparation having good adhesive and reproducible 
characteristics. The samples were dipped and placed in 
acetone in an ultra sonicator for the removal of residual 
grease and impurities for around 30 minutes and washed 
off by distilled water. Finally, it was dried at ambient 
temperature by means of spray coating method, a PTFE 
thin film coated on SS sample. Ultimate film thickness in 
addition to several other properties will depend on material 
nature such as viscosity, surface tension as well as the 
drying rate. A professional spray gun with model number E 
− 70 gravity feed was used in this experiment. This 
irreplaceable spray gun is engineered with sprayer ease, 

operating easiness as well as paint usage competence in 
mind. It is best for refinishing the automotive, test labs and 
touch-up spraying. Annealing increases adhesion property 
of samples. The samples are annealed plus tried to reduce 
PTFE film. These PTFE coated samples were annealed at 
250Co for 120 minutes. The appearance of coated samples 
was changed to grey color after annealing as shown in 
Figs. 1(a), (b). 

 
Figure. 1. PTFE coating on 316L SS samples (a) before 

annealing (b) after annealing 
 
i. Sample Testing 
We observed three types of testing i.e. surface 
morphological test through SEM, chemical stability test 
through chemical reaction and electrochemical corrosion 
test through linear polarization testing. The surface 
morphologies of sample and thickness of coating were 
observed by TESCAN VEGA3, Scanning Electron 
Microscope SEM. The morphology of the substrate 
(uncoated and coated) was considered through SEM at 
various magnification (100 × −1000×) and various 
resolution (20um − 200um) levels. After that, those levels 
were compared with uncoated samples. The chemical 
constancy and compatibility of PTFE coated samples were 
examined by extended soaking in and H2SO4 solutions of 
dissimilar concentration for around 144 hours. The various 
concentrations were 20%, 30% and 40%. One part of 
samples was coated whereas the other part was kept on 
uncoated in order to associate the compatibility as well as 
the variations occurring after soaking. The coated and 
uncoated sides of sample were exposed to along with 
H2SO4 solution using dissimilar concentrations covering 
layers. Corrosion test were performed with the help of 
Gamry framework to evaluate the corrosion rate of 
uncoated 316L SS and PTFE coated in concentration of  
40% H2SO4. Three electrodes were employed in this 
setup, anode, cathode and reference electrode. 

 
3 RESULTS AND DISCUSSION   
The chemical stability of coating was observed in various 
concentrations of H2SO4 by immersing for a longer term in 
solution for 6 days (144 hours). The electrochemical 
corrosion test was performed in several concentrations of 
the coated and uncoated sample before and after. The 
electrochemical corrosion test shows more corrosion rate 
shown in Table II for uncoated sample of 316L SS w.r.t 
PTFE Coated sample shown in Table I. The chemical 
durability of the samples was measured by dipping the 
sample in various concentration of sulfuric acid for 6 days 
by keeping its one side coated and other uncoated. After 
immersion, the coated area was protected displaying a 
smaller amount corrosion. Uncoated and coated specimen 
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comparison in numerous H2SO4 concentrations is shown in 
Figs. 2(a), (b), (c), (d), (e). 
 

 
Figure. 1. a-e Chemical Stability of coated and uncoated 

samples in various H2SO4 concentrations. 
 
The uncoated sample of 316L SS was examined in the 
SEM. The SEM images of the samples at ×399 and ×1000 
is shown in Figs. 3(a), (b). 
 

 

 
Figure. 3. SEM Micrograph of uncoated or bare 316L SS 

sample:(a) ×399. (b) ×1000 
 
The grain size of samples in Fig. 3 shows that the grain 
structure is almost similar however their size varies. The 
grain boundaries are clear. In such grain arrangement the 
crack growth is nearly straight. The SEM images of coated 
samples at ×100 and ×1000 respectively. 
The images show that the grains are covered completely 
with the coating. The coating surface is smooth and texture-
less which is shown in Figs. 4 (a), (b). The coating 
thickness was measured using SEM by considering coating 
cross-section (22.67µm). Fig. 5 represents the micrograph 
for cross-sectional of coating thickness. The SEM images of 
uncoated sample of 316L SS, treated with 40%, are shown 
in Figs. 6 (a), (b). The SEM images at magnifications of 
×250 and ×500 in this figure show that the grain boundaries 
are further opened due to acid reaction. 
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Figure. 4. SEM Micrograph PTFE coating on 316L SS: (a) 
low magnification and (b) high magnification. 
 
The boundaries are more reactive than the bulk body of the 
grain as observed. 
 

 
Figure. 5. SEM image of cross-sectional of the coated 

sample 
 

 
 

 
Figure. 6. SEM Micrograph of uncoated/316L SS sample 
after electrochemical corrosion test in 40% H2SO4:  a. ×250 
and b. ×500 
 
SEM images of coated samples with acid concentrations of 
20%, 30% and 40% are shown in Figs. 7-9. The coating at 
20% shows flaws of about 15m size as obvious from Fig. 7. 
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Figure. 7. SEM Micrograph of PTFE coated sample after 
electrochemical corrosion test in 20% H2SO4 
 

 
Figure. 8. SEM Micrograph of PTFE coated sample after 
electrochemical corrosion test in 30% H2SO4 
 

 
Figure. 9. SEM Micrograph of PTFE coated sample after 
electrochemical corrosion test in 40% H2SO4 

 
The damage to the coating increases with acid 
concentration as observed for 30% and 40% concentrations 
in Figs. 8-9. The flaw size has been increased in these 
figures due to which subtle marks of the grain boundaries 
are visible in these images. By means of energy dispersive 

spectroscopy (EDX), the composition inspection of PTFE 
thin film coating on 316L SS was accomplished. 
The consequences indicate the peaks of C, O, F and Si. 
Table I and Fig. 10 Illustrates the peaks as well as 
compositions of PTFE separately. EDX testing approves 
the existence of PTFE in coating. Si and O can be seen in 
insignificant quantity to which might be existing because of 
certain impurities. 
 

 
 

 
Figure. 10. EDX peaks of PTFE coating 
 
The Potentiodynamic Polarization curves for uncoated 
sample with 40% acid concentration and coated samples 
with 20, 30 and 40% are shown in Figs. 11-14. The 
Electrochemical data for theses samples are summarized in 
Tables II-III. 
 

 
Figure. 11. Potentiodynamic Polarization curve of 316L SS 
sample UNCOATED in 40% H2SO4 
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Figure. 12. Potentiodynamic Polarization curve of PTFE 
coated sample in 20% H2SO4 

 
Figure. 13. Potentiodynamic Polarization curve of PTFE 
coated sample in 30% H2SO4 

 

 
Figure. 14. Potentiodynamic Polarization curve of PTFE 

coated sample in 40% H2SO4 

 
Table II clearly shows that 316L SS displayed 71.40 mV for 
corrosion potential (Ecorr), 24.64A for corrosion current 
(Icorr) and corrosion rate (C.R) 8.878 mpy i.e. mili inches 
per year. 
 

 

 
This shows higher corrosion rate when sample is bare as 
shown in Fig. 11. PTFE coated samples were tested at 
20%, 30% and 40% H2SO4 solution in order to examine 
the influence on C.R by increasing the H2SO4 
concentrations. This evaluation will deliver an upsurge in 
C.R of coated sample. Figs. 12, 13 and 14 reveals the Tafel 
scan as well as potentio-dynamic polarization curves of 
PTFE coated samples in 20%, 30%, 40% H2SO4 and their 
contrast correspondingly. The Fig. 15. Shows the corrosion 
rate vs different concentration of sulfuric acid, it shows that 
the corrosion rate increases with the acid concentration. 

 
Figure 15. Graph of Corrosion rate (C.R) vs 
H2SO4Concentrations 
 

4  CONCLUSION 
A fine smooth and thin film of 22.67µm PTFE coating on 
316L SS was successfully deposited by means of spray 
Gun (E-70 Gravity Feed) coating technique. No pops, 
discontinuous and cracks were observed on coated 
surface. Uncoated samples of 316L stainless steel shows 
some discontinuity and cracks. Electrochemical and 
Potentiodynamic polarization test results revealed that 
PTFE coated samples on SS was successful in providing 
higher corrosion resistance by decreasing the corrosion 
rate in H2SO4 solution as compared to the uncoated 
samples of 316L of SS. It is concluded that the 
Polytetrafluoroethylene (PTFE) coating shows high 
potential to be used in critical acidic environment where 
high resistance to corrosion is required. 
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