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Introduction
Stainless steel is a very important metal for phosphate industry 

whereas H2SO4 produces hostile environment for surrounding material 
and it produces several forms of corrosion like galvanic, pitting, 
crevice, stress, intergranular embrittlment and blistering. Scientists and 
researchers were used different techniques for corrosion mitigation 
of materials like organic and inorganic coatings, use organic and 
inorganic inhibitors, composite materials coating, nanocoating and 
plasma coatings. Inorganic nanocoating of aluminum phosphate [1], 
zinc phosphate [2] and magnesium phosphate [3] in presence of DLC 
(diamond like carbon) filler were used as nanocoating materials in 
high temperature and acidic environment.  Aliphatic and aromatic 
compounds [3-5] containing amino, hydroxyl and thiol functional 
groups were applied as corrosion protector in acidic medium. 
Polymeric coating [6-8] saved material for corrosion but this coating 
did not produce good results in long duration. Mixed types of organic 
inhibitors having cathodic [9-11] and anodic [12-15] polarization 
power used as an inhibitor in acidic condition. Plasma coating [16,17] 
provided corrosion resistance of metal at high temperature and strong 
acidic medium. Natural products [18,19] used as inhibitor which is 
ecofriendly with environment and these products has good inhibition 
properties.   

Experimental 
Stainless steel (5×3×0.01) square meter size of coupons made 

for experimental work. Its surface was sharpened with emery paper 
and samples were washed with double distilled water. Finally it was 
rinsed with acetone and dried with air dryer and kept into desiccator. 
Inhibition effect of 2-(aminomethyl)phenol and 2-(aminomethyl)
benzenethiol were studied at 50°C, 60°C and 70°C temperatures and 
10mM concentration. The corrosion rate was calculated absence and 
presence of inhibitors by gravimetric method. Stainless steel (316) was 
used for this and its chemical composition analyzed in Bokaro Steel 
Plant Jharkhand, India.

The corrosion current and corrosion potential was determined 
with potentiostatic polarization by using an EG & G Princeton Applied 
Research Model 173 Potentiostat. A platinum   electrode was used as 

an auxiliary electrode and a calomel electrode was used as reference 
electrode with stainless steel coupons.
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Results and Discussion
The corrosion rates of stainless steel was calculated at 50°C, 60°C 

and 70°C temperatures and 10 mM concentration of inhibitors by 
equation 1 in presence of 15% H2SO4 solution absence and presence of 
inhibitors 2-(aminomethyl)phenol  and 2-(aminomethyl) benzenethiol.

K (mmpy) = 13.56 W / D A t                                                                  (1)                                                                                            

Where W = weight loss of test coupon expressed in kg, A = Area 
of test coupon in square meter, D = Density of the material in kg/m3.

The corrosion rates of stainless steel without and with inhibitors 
mentioned in Table 1. The result of Table noticed that corrosion rate of 
metal is increasing without inhibitors and its values are decreasing with 
inhibitor as above recorded temperatures and concentration. The graph 
between log K versus 1/T was looked in Figure 1 shown that the rate of 
corrosion enhanced at lower temperature to higher temperature and its 
values suppressed after addition of inhibitors.  

The percentage inhibition efficiency and surface coverage area of 
inhibitors were determined using 2 and equation3.

IE (%) = (1- K / Ko) 100                                                                        (2)
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Where Ko is the corrosion rate without coating, K = corrosion rate 
with coating.

θ = (1 – K / Ko)                                                                                      (3)

where θ = Surface coverage area, Ko = corrosion rate without 
coating, K = corrosion rate with coating,

The percentage inhibition efficiency and surface coverage area 
values recorded in Table 1 at different temperatures and 10 mM 
concentration of inhibitors. It depicted that these values were increased 
with both inhibitors but good results observed with (2-aminomethyl) 
benzenethiol. The surface coverage area (θ) versus temperatures (T) 
for both inhibitors plotted in Figure 2. It found that 2-(amino-methyl)
benzenethiol occupied more surface area than that of 2-(aminomethyl)
phenol. Inhibition efficiency (IE) of both inhibitors versus temperature 
(T) was represented in Figure 3. This graph indicated that second 
inhibitor had more inhibition efficiency than that of first.

The activation energy of inhibitors was determined by equation 4 
and Figure 1 and its values were recorded in Table 2. Activation energy 
increased without inhibitors and its values decreased with inhibitors. 

These results were shown that inhibitors adhered with surface of base 
metal. 

d /dt (logK) = Ea / R T2                                                                          (4) 

where T is temperature in Kelvin and Ea is the activation energy of 
the reaction.

The heat of adsorption was calculated with help equation 5 and 
their values were mentioned in Table 2. The graph plotted between log 
(θ/1- θ) vs. 1/T was shown straight line in Figure 4 and its negative 
values indicated that inhibitors bind with metal by physical forces.  

log (θ/1-θ) = log (A .C) - (Qads. / R T)                                                             (5)

where T is temperature in Kelvin and Qads heat of adsorption

Free energy was determined by equation 6 and its values were 
recorded in Table 3. Its values mentioned in Table 2 depicted that after 
addition of inhibitor exothermic reaction occurred.  

ΔG = -2.303RT [log C - log (θ/1-θ) + 1.72]                                        (6)  

Inhibitors Temperature          50°C 60°C 70°C C (mM)
IH(0) Ko 0.139 0.208 0.241 0

 log Ko -0.856 -0.681 -0.617  
IH(I) K 0.073 0.086 0.108 10mM

 log K -1.136 -1.065 -0.966  
 θ 0.474 0.586 0.551  
 log(θ/1- θ) 0.046 0.15 0.088  
 IE (%) 47.4 58.6 55.1  

IH(II) K 0.037 0.043 0.078 10mM
 log K -1.431 -1.366 -1.107  
 θ 0.733 0.793 0.676  
 log(θ/1- θ) 0.317 0.583 0.438  
 IE (%) 73.3 79.3 67.8  

Table 1: The Corrosion of stainless steel in 15% H2SO4 at different temperatures 
and 10 mM concentration of inhibitors.
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Figure 1: log K versus 1/T at different temperatures with 10 mM of inhibitors.
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Figure 2: θ(Surface coverage area) versus T (°K) at different temperatures 
with 10 mM concentration of inhibitors.
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Figure 3: IE (%) versus T °K different temperatures with 10 mM concentation 
of inhibitors.
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Figure 4: log (θ/1-θ) versus1/T at different temperatures with 10 mM 
concentration of inhibitors.

Inhibitor Thermodynamical 50°C 60°C 70°C
IH((0) Ea(o) 51.24 49.41 34.22
IH(I) Ea 67.36 61.12 53.59

 Qads -2.72 -8.61 -4.88
 ΔG -22.87 -26.22 -30.83
 ΔH -96.54 -88.53 -79.27
 ΔS -38.51 -38.25 -37.96

IH(II) Ea 83.67 78.39 61.41
 Qads -18.79 -33.45 -24.99
 ΔG -5.37 -8.94 -22.99
 ΔH -111.04 -105.8 -87.11
 ΔS -37.55 -38.24 -37.96

Table 2: Thermodynamical values inhibitors at different temperatures and 10 mM 
concentration.
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The energy of enthalpy and entropy were calculated by transition 
state equation 7 and it values were recorded in Table 2. These values 
noticed that inhibitors were produced an exothermic reaction and they 
bonded with metal chemical adsorption. Thermodynamical values of 
Ea, Qads. , ∆G, ∆H and ∆S versus surface coverage area (θ) plotted in 
Figure 5 indicated that inhibitors adsorbed with metal by physisorption-
chemisorption. 

K = R T / N h log (ΔS# / R) X log (-ΔH #/ R T)                                   (7)

where N is Avogadro’s constant, h is Planck’s constant, ΔS# is 
the change of entropy activation and ΔH# is the change of enthalpy 
activation.

The corrosion current density is determined in the absence and 
presence of inhibitors the help of equation 8 and their values are 
recorded in Table 3. 

∆E/∆I = βa βc / 2.303 Icorr (βa + βc)                                                       (8)

where ∆E/∆I is the slope which linear polarization resistance (Rp), 
βa and βc are anodic and cathodic Tafel slope respectively and Icorr is the 
corrosion current density in mA/cm2.

The metal penetration rate (mmpy) was calculated by equation 9 in 
absence and presence of inhibitors.

 C.R (mmpy) = 0.1288 Icorr (mA/cm2) × Eq .Wt (g)/ρ (g/cm3)           (9)

where Icorr is the corrosion current density ρ is specimen density and 
Eq.Wt is specimen equivalent weight. 

The observation of the results of Table 3, it was noticed that corrosion 
current increased without inhibitors and it reduced after addition of 
inhibitors. Figure 6 indicated that Tafel graph has plotted between 
electrode potential and corrosion current density in the absence and 
presence of inhibitors and this figure was shown that anodic potential, 
corrosion current density and corrosion rate increased without 
inhibitors but after addition of inhibitors these values decreased and 
inhibition efficiency increased. 

Conclusion
Observation of results of inhibitors 2-(aminomethyl) phenol and 

2-(aminomethyl) benzenethiol indicated that inhibition efficiency 
and surface coverage area at different temperatures in H2SO4 medium 
produced corrosion resistance effect for stainless steel. The inhibitors 
adhered with metal surface by physisorption-chemisorption adsorption. 
This adsorption phenomenon confirmed by activation energy, heat 
of adsorption, free energy, enthalpy and entropy. Potentiostat results 
for both inhibitors indicated that these inhibitors produced high 
polarization current and nullify the attack of H+ ions.                             
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Figure 5: Thermodynamical values of inhibitors versus θ (Surface coverage 
area).
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Figure 6: Plot of E (mV) Vs. I corrosion current (mA) for stainless steel at 10 
mM concentration of inhibitors.

http://dx.doi.org/10.4172/2168-9806.1000124
http://eprints.nmlindia.org/6886/
http://eprints.nmlindia.org/6886/
http://eprints.nmlindia.org/6894/
http://eprints.nmlindia.org/6894/
http://www.electrochemsci.org/papers/vol7/7021443.pdf
http://www.electrochemsci.org/papers/vol7/7021443.pdf
http://www.redalyc.org/pdf/564/56416597027.pdf
http://www.redalyc.org/pdf/564/56416597027.pdf
http://www.redalyc.org/pdf/564/56416597027.pdf
http://www.sciencedirect.com/science/article/pii/S0022309310007209
http://www.sciencedirect.com/science/article/pii/S0022309310007209
http://www.sciencedirect.com/science/article/pii/S0013468609005891
http://www.sciencedirect.com/science/article/pii/S0013468609005891
http://www.sciencedirect.com/science/article/pii/S0013468609005891
http://www.sciencedirect.com/science/article/pii/S0013468609005891
http://www3.unisi.it/ricerca/centri/crisma/FEPA/publications/virtanen.pdf
http://www3.unisi.it/ricerca/centri/crisma/FEPA/publications/virtanen.pdf
http://www3.unisi.it/ricerca/centri/crisma/FEPA/publications/virtanen.pdf
http://onlinelibrary.wiley.com/doi/10.1002/maco.200804173/abstract;jsessionid=DD7A909AFC379A8132F952EE0580F80E.f01t02
http://onlinelibrary.wiley.com/doi/10.1002/maco.200804173/abstract;jsessionid=DD7A909AFC379A8132F952EE0580F80E.f01t02
http://onlinelibrary.wiley.com/doi/10.1002/maco.200804173/abstract;jsessionid=DD7A909AFC379A8132F952EE0580F80E.f01t02
http://www.sciencedirect.com/science/article/pii/S025789720500157X
http://www.sciencedirect.com/science/article/pii/S025789720500157X
http://www.sciencedirect.com/science/article/pii/S025789720500157X
http://www.sciencedirect.com/science/article/pii/S0032386102000058
http://www.sciencedirect.com/science/article/pii/S0032386102000058
http://www.sciencedirect.com/science/article/pii/S0032386102000058
http://www.sciencedirect.com/science/article/pii/S0013468603003803
http://www.sciencedirect.com/science/article/pii/S0013468603003803
http://www.sciencedirect.com/science/article/pii/S0013468603003803
http://www.sciencedirect.com/science/article/pii/S0257897206002453
http://www.sciencedirect.com/science/article/pii/S0257897206002453
http://www.sciencedirect.com/science/article/pii/S0257897206002453


Citation: Singh RK, Kumar R (2014) Corrosion Protection of Stainless Steel by Organic Inhibitors in Phosphate Industries in 15% H2SO4. J Powder 
Metall Min 3: 124. doi:10.4172/2168-9806.1000124

Page 4 of 4

Volume 3 • Issue 2 • 1000124
J Powder Metall Min
ISSN: 2168-9806 JPMM, an open access journal 

15. Shen GX, Chen YC, Lin CJ (2005) Corrosion protection of 316 L stainless steel 
by a TiO2 nanoparticle coating prepared by sol–gel method. Thin Solid Films 
489: 130-136.

16. Karunagaran B, Uthira Kumar P, Chung, SJ, Velumani S, Suh EK (2007) TiO2 
thin film gas sensor for monitoring ammonia. Materials Characterization 58: 
680-684.                                                    

17. Yang WJ, Choa YH, Sekino T, Shim KB, Niihara K, et al. (2003) Thermal 
stability evaluation of diamond-like nanocomposite coatings. Thin Solid Films 
434: 65-74.

18. Kim SH, Aust KT, Erb U, Gonzales F, Palumbo G (2003) A comparison of 
the corrosion behaviour of polycrystalline and nanocrystalline cobalt. Scripta 
Material 48: 1379-1384.

19. Liu C, Leyland A, Bi Q, Matthews A (2003) An electrochemical impedance 
spectroscopy study of the corrosion behaviour of PVD coated steels in 0.5 N 
NaCl aqueous solution: Part I.: Establishment of equivalent circuits for EIS data 
modelling. Corrosion Sci 45: 1243-1256.

Submit your next manuscript and get advantages of OMICS 
Group submissions
Unique features:

•	 User	friendly/feasible	website-translation	of	your	paper	to	50	world’s	leading	languages
•	 Audio	Version	of	published	paper
•	 Digital	articles	to	share	and	explore

Special features:

•	 350	Open	Access	Journals
•	 30,000	editorial	team
•	 21	days	rapid	review	process
•	 Quality	and	quick	editorial,	review	and	publication	processing
•	 Indexing	at	PubMed	(partial),	Scopus,	EBSCO,	Index	Copernicus	and	Google	Scholar	etc
•	 Sharing	Option:	Social	Networking	Enabled
•	 Authors,	Reviewers	and	Editors	rewarded	with	online	Scientific	Credits
•	 Better	discount	for	your	subsequent	articles

Submit	your	manuscript	at:	http://omicsgroup.info/editorialtracking/primatology

Citation: Singh RK, Kumar R (2014) Corrosion Protection of Stainless Steel by 
Organic Inhibitors in Phosphate Industries in 15% H2SO4. J Powder Metall Min 
3: 124. doi:10.4172/2168-9806.1000124

http://dx.doi.org/10.4172/2168-9806.1000124
http://www.sciencedirect.com/science/article/pii/S0040609005005134
http://www.sciencedirect.com/science/article/pii/S0040609005005134
http://www.sciencedirect.com/science/article/pii/S0040609005005134
http://www.sciencedirect.com/science/article/pii/S1044580306003287
http://www.sciencedirect.com/science/article/pii/S1044580306003287
http://www.sciencedirect.com/science/article/pii/S1044580306003287
http://www.sciencedirect.com/science/article/pii/S0040609003004668
http://www.sciencedirect.com/science/article/pii/S0040609003004668
http://www.sciencedirect.com/science/article/pii/S0040609003004668
http://www.sciencedirect.com/science/article/pii/S1359646202006516
http://www.sciencedirect.com/science/article/pii/S1359646202006516
http://www.sciencedirect.com/science/article/pii/S1359646202006516
http://www.sciencedirect.com/science/article/pii/S0010938X02002135
http://www.sciencedirect.com/science/article/pii/S0010938X02002135
http://www.sciencedirect.com/science/article/pii/S0010938X02002135
http://www.sciencedirect.com/science/article/pii/S0010938X02002135
http://dx.doi.org/10.4172/2168-9806.1000124

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Experimental
	Results and Discussion 
	Conclusion
	Acknowledgement
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	References

