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Abstract. Stainless steels have many applications in the industries and for engineering works because of their
excellent properties. They are frequently confronted with corrosion attacks during the applications, which had
always been their most difficult challenge. Corrosion inhibition is one significant way in which materials are
protected from being corroded. The toxic nature of inorganic inhibitors has brought about the use of green
inhibitors. Green inhibitors are readily available, renewable, degradable, cheap, and environmentally friendly
due to the absence of heavy metals and toxic compounds in them. This review outlined the properties of

Titanium (Ti) stainless steel and the use of green inhibitors for corrosion control for a sustainable environment.
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Introduction

Metals have a high energy state when they are not combined; they tend to go back to a lower energy state when
energy is being released. Corrosion is the surface deterioration that occurs in metals when exposed to reactive
conditions. It is a gradual destruction of metals due to their reactions with the environment [1,2]. The economic
risks of corrosion are very high, with so much money being spent on corrosion protection and repair. It is
estimated that 5 per cent of the revenue of a developed country is spent on direct corrosion costs. Examples of
metals that corrode are Stainless Steel, Aluminium, Copper, Zinc, Iron, Carbon Steel, Nickel, Lead, Titanium,
Tin, Brass, Cadmium, and Cobalt [3,4].

Corrosion inhibitors are substances applied or added to the corrosive medium in small concentrations on metal
surfaces, thereby minimizing the potential to be damaged by corrosion. These inhibitors are used in several
media to prevent the destruction of metals in corrosion-favourable environments. Current techniques take
advantage of organic compounds which act as corrosion inhibitors for exhibiting outstanding metal surface
resistance properties. Such organic corrosion inhibitors include: chitosan [5], phenylmethanimine [6],
imidazoline [7], and ionic liquid derivatives [8]. These organic compounds help to replace the conventional
(inorganic) corrosion inhibitors because of their toxicity. Highly effective corrosion inhibitors have been
achieved through these compounds, which are derived from renewable, biological and environmentally safe
materials, with a special category being plant extracts [9,10] Stainless steels products have a high ability to resist
corrosion because the chromium present in the stainless steel forms a passive film coating of chromium-rich

oxide in the presence of oxygen at lower temperatures; stainless steel products have a strong corrosion
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resistance capacity [11] Harsh environments could potentially cause damage to this barrier. Over the years,
research has shown that natural honey, onions, gums of flowers, gelatin, leaves, potatoes, roots, and seeds are
suitable inhibitors of metals like steel and nickel. Hence, this review enumerates the use of green corrosion

inhibitor on 316 Ti stainless steel in an acidic medium.

Corrosion Inhibitors

Chemical compounds capable of reducing the rate of corrosion of a metal is known as a corrosion inhibitor [12]
Corrosion inhibitors have several applications in reducing or controlling the corrosion process of metals and
alloys used in industries. These inhibitors prevent corrosion by adsorption of ions on metal surfaces, reduction
of the diffusion rate for reactants to the metal surface, reduction of the electrical resistance of the metal surface,
and reducing or increasing the anodic or cathodic reaction. Corrosion inhibitors can be from either organic or
inorganic sources. Organic inhibitors reduce corrosion by adsorption techniques, while inorganic corrosion

inhibitors retard corrosion by reacting with the anodic or cathodic parts of the process [13-16]

Organic Corrosion Inhibitor

Green corrosion inhibitors have been frequently used by researchers for corrosion prevention. Organic Inhibitors
are associated with heteroatoms. O, N, and S are the active centres for the process of adsorption on the metal
surface. Toxic compounds and heavy metals are absent in green corrosion inhibitors, unlike inorganic corrosion
inhibitors. The inhibition mechanism, occurs through adsorption. It primarily depends on the properties of the
inhibitor and the physicochemical reaction. The adsorption mechanism is dependent on several factors like the
functional group of the inhibitor, the electron density of the atom donor; the degree of ionic forces; the p-orbital

character; as well as and the properties of the metal surface [17-21].

Inorganic Corrosion Inhibitor

Inorganic corrosion inhibitors contain heavy metals that scrape at the cathode cell of the unprotected metal
surfaces when mixed with corrosive solution. The corrosion inhibitors reduce the proportion of hydrogen ion
exchange by forming iron sulfide on the steel and acids. The inorganic inhibitors work better at high
temperatures for more extended periods than the organic inhibitors. Yet, they lose their grip in acid solutions
stronger than 17% hydrochloric acid, are more difficult to combine. They release toxic gases as the product of

corrosion, which adversely affect man and his environment [22-24].

Stainless steel

Any alloy having 10 to 30% chromium is referred to as stainless steel. Chromium resists corrosion and heat as a
result of its low carbon content. Nickel, molybdenum, titanium, aluminium, copper, sulphur, and phosphorus
could be added to boost the resistance of corrosion. Stainless steel comes in over a hundred different grades.
Stainless steels are of these five types: austenitic, ferritic, martensitic, duplex, and precipitation-hardening. Most
stainless steels are melted in electric-arc or basic oxygen furnaces first, then refined in a separate steelmaking
vessel to remove the carbon content. During the argon-oxygen decarburization process, a mixture of oxygen and
argon gas is poured into liquid steel. By altering the ratio of oxygen and argon, it is feasible to remove carbon in
controlled amounts by oxidizing it to carbon monoxide without simultaneously oxidizing and losing precious
chromium. As a result, lower-cost raw materials like high-carbon ferrochromium might be used in the first

melting process [25-31].

GSJ© 2022
www.globalscientificjournal.com



GSJ: Volume 10, Issue 6, June 2022
ISSN 2320-9186 604

Austenitic 316Ti stainless steel

Stainless steels are iron-base alloys with at least 12% Cr, which is required for preventing rust formation in an
unpolluted environment. The titanium-stabilized form of 316 molybdenum-bearing austenitic stainless steel is
316Ti (UNS S31635). Compared to other stainless steels, this austenitic chromium-nickel stainless steel
contains molybdenum, which aids corrosion resistance, especially at high temperatures. Despite possessing
many general qualities as Type 304, it is more heat resistant [32]. Alloy 316Ti has qualities comparable to alloy
316, except that due to the Titanium addition, 316Ti can be utilized at higher sensitization temperatures above
800°C, preventing carbide formation at grain boundaries and safeguarding the metal from corrosion. Sulfuric,
hydrochloric, acetic, formic, and tartaric acids, acid sulfates, and alkaline chlorides improve corrosion
resistance. This type of stainless steel is commonly used in oil and gas, petrochemical, brewery, food
processing, automotive, wine, and chemical industries. It can be used in chemical processes, at high
temperatures, in control lines, etc. It is also used in architectural panelling and balustrading along the coast,

chemical transport containers, medical implants, boat fittings, and heat exchangers [33-36].

General Properties

The titanium-stabilized version of Type 316 molybdenum-bearing austenitic stainless steel is ATI 316Ti. The
Type 316 alloys outperform traditional chromium-nickel austenitic stainless steels like Type 304 in general
corrosion and pitting/crevice corrosion resistance. They also have increased creep, stress-rupture, and tensile
strength at high temperatures. Sensitization - the development of grain boundary chromium carbides at
temperatures between 900-and 1500 °F (425 to 815 °C) — can occur in Type 316 stainless steel, resulting in fast
corrosion. Carbon emissions are lower. Although Type 316L is resistant to sensitization, prolonged exposures in
this temperature range will eventually cause even the low carbon grade to become sensitized. Sensitivity
resistance is accomplished in Type 316Ti by adding titanium to the structure to stabilize it against chromium
carbide precipitation, which is the source of sensitization. Intermediate-temperature heat treatment is used to
achieve this stability, during which the titanium interacts with carbon to generate titanium carbides. Reducing
the development of chromium carbides, considerably minimizes the sensitivity to sensitization in service. As a
result, the alloy can be utilized at high temperatures for long periods without losing its corrosion resistance [37-

39]. Table 1 shows the chemical compositions of 316 Ti.

Table 1: Chemical Composition of 316 Ti [40]

Element % by weight

S 0.00-0.03

P 0.00-0.05

C 0.00-0.08

Si 0.00-1.00

Mn 0.00-2.00

Ti 0.40-0.70

Mo 2.00-2.50

Ni 10.50-14.00

Cr 16.50-18.50

Fe Balance
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Case Studies On 316Ti Stainless Steel

Loto (2019) studied the corrosion resistance of austenitic 316Ti, martensitic GX4CrNiMo16-5-1 (EN 1.4405),
and ferritic 444 stainless steels in 1 M sulfuric acid solution with a 0-6 percent NaCl addition and concluded that
316Ti is less resistant to acidic solutions when chloride ions are present [41].

In acidic (250 ppm CI, pH = 4, t = 30°C) and alkaline (4 percent Cl, pH = 9, t = 80°C) electrolytes, Lorsbach
and Schmitz (2018) found that agitation rate had a substantial impact on the corrosion rate of SS 316Ti [42].
After various heat treatments in 0.5 M H,SO, + 0.01 M KSCN solution at 30°C, Pardo et al., 2007 studied the
influence of Ti, C, and N concentrations in SS 316Ti and SS 321 on intergranular corrosion and discovered that
adding titanium to stainless steel increases intergranular corrosion resistance by causing TiC to precipitate,
hereby reducing the development of chromium-rich carbides. They also found that stainless steel 316Ti has
superior intergranular corrosion resistance over SS 321 [43].

Zhao et al., 2019 investigated the microstructure and intergranular corrosion resistance of 316Ti stainless steel
in 0.5M H2SO4 + 0.01M KSCN at 25°C. They found that intergranular corrosion resistance increased with
increasing ageing temperature [44].

Finsgar and Milosev (2010) examined the corrosion behaviour of stainless steel 304, 316, and 316Ti in
methanesulfonic acid aqueous solutions and discovered that these grades of stainless steel have similar corrosion

characteristics [45].

Conclusion

Metals are essential for the production of equipment used in various industries, and they serve a variety of
purposes. This is due to their excellent properties like durability, high corrosion resistance, high elevated
temperature, good thermal conductivity, and high strength. Stainless steel is a type of metal that, when
compared to carbon steel, has a higher corrosion resistance. 316Ti stainless steel is a type of stainless steel used
in engineering structures because of its high performance, alloying elements, and high sensitization temperature.
Researches had shown that green inhibitors are perfect for the corrosion inhibition of austenitic 316Ti stainless

steel in corrosive environments like HCI, H,SO,, and H;PO,.
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