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Aspartame (artificial sweetener) as a corrosion inhibitor for 

aluminum and mild steel 

INTRODUCTION 

Corrosion may be more than just an inexorable characteristic phenomenon; its effect is felt on 

three territories for concern, in particular economics, Safety, Furthermore Ecological harm. 

Metal corrosion is an expensive material science issue which started from the day of metals 

revelation. Corrosion is characterized as the progressive debasement of metals/materials 

properties caused by the substance response as well as the electrochemical response with its 

encompassing environment. Fontana (1986)
[1]

 descript that corrosion is a switch procedure of  

extractive metallurgy; which happens in light of the fact that the fundamental metal structures are 

thermodynamically less steady as contrasted and their relating ores. Corrosion includes the 

development of metal particles into the arrangement at dynamic regions (anode), entry of 

electrons from the metal to an acceptor at less dynamic regions (cathode), an ionic current in the 

arrangement and an electronic current in the metal. The cathodic procedure requires the nearness 

of an electron acceptor, for example, oxygen or oxidizing specialists or hydrogen particles. 

Corrosion can be limited by appropriate techniques which thusly smother, hinder or totally stop 

the anodic or cathodic responses or both 
[2]

. 

Corrosion is the weakening of metal by substance assault or response with its condition. It is a 

consistent and ceaseless issue, regularly hard to take out totally. Avoidance would be more 

useful and achievable than finish end. Corrosion forms grow quick after disturbance of the 

defensive hindrance and are joined by various responses that change properties of both the metal 

surface and the nearby condition, for instance, arrangement of oxides, and dissemination of metal 

cations into the covering grid, neighborhood pH changes, and electrochemical potential. 

Corrosion forms are responsible for various misfortunes, fundamentally with regards to industry. 

Corrosion is a steady and constant issue; it is often hard to dispose of it totally what do more, the 

most ideal approach to handle it, is counteractive action 
[3]

. At the point when the metal joins 

with its environment, corrosion is the primary driver by which metals rot. By and large, metals 

debase when they are in contact with dampness/water (H2O), bases (NaOH, CaCO3, NaHCO3, 

etc.,), acids (HCl, H2SO4, HNO3, etc.,), salts (NaCl), fluid chemicals, forceful metal shines and 

gasses (formaldehyde, smelling salts and sulfur containing gasses) 
[4]

.  

Corrosion is a thermodynamically feasible process as it is connected with diminishes in Gibb's 

free vitality. Corrosion is a burdening issue related with each utilization of metals. The harm by 

corrosion brings about very cost for upkeep and assurance of materials utilized. Improvement of 

strategies to control corrosion is a test to researchers working around there. Among different 

techniques created for corrosion insurance, utilization of inhibitor is an alluring and most 

functional strategy for the security of metals in contact with corrosion medium 
[5]

. 



The variable that can cause corrosion can be recognized as:  

• Physical  

• Chemical  

• Electrochemical  

• Microbiological 

Physical corrosion is caused by effect, stress or weariness of the material. Chemical corrosion is 

caused by oxygen, sulfur, fluorine, chlorine or different gasses, which act specifically on the 

metal under ecological conditions that encourage this marvel. Electrochemical corrosion is an 

unconstrained procedure that signifies the presence of anodic and cathodic zones, and an 

electrolyte; electrical contact between the anodic and cathodic zones is likewise required. 

Microbiological corrosion is the weakening of a metal that happens specifically or in a 

roundabout way as an aftereffect of the action of microorganisms, for example, microbes and 

green growth. These microorganisms are kept on the metal, making a "live" region, utilizing 

nitrogen, oxygen, hydrogen, and additionally carbon from the earth for their metabolic exercises, 

creating metabolites, which can be kept on the metal advancing erosion. Natural movement may 

cause corrosion in an assortment of media, for example, characteristic water, ocean water, oil 

based commodities and oil emulsions. As per the earth to which materials are uncovered, there 

are different types of corrosion: uniform or general, Crevice corrosion, Pitting corrosion, 

environmentally induced corrosion, Dealloying, Galvanic corrosion, cavitations and 

hydrogen blistering 
[6]

. 

Depending upon the material environment and the surface morphology corrosion can be: 

1. General corrosion: It is a electrochemical phenomenon reduces the mechanical 

thickness of metal. 

                 
                               Fig 1 General corrosion 

 http://www.hkdivedi.com/2015/11/different-forms-of-corrosion.html 

      

http://www.hkdivedi.com/2015/11/different-forms-of-corrosion.html


2. Crevice corrosion: In certain metals the surface is not uniform and consists of 

certain occluded regions called cervices. 

     
                         Fig 2 crevice corrosion  

ttp://www.hkdivedi.com/2015/11/different-forms-of-corrosion.html 

 

3. Pitting corrosion: In this type of corrosion holes or pits are created, because of 

localized attack , where some small localized area on the metal surface are 

corroded quickly while other parts remain unaffected due to which it causes 

formation of deep holes. 

             

                          Fig 3 pitting corrosion  

http://www.hkdivedi.com/2015/11/different-forms-of-corrosion.html 

4. Environmentally induced corrosion: When some metals are exposed to 

chemically reactive atmosphere, formation of crack occurs due to the application 

of mechanical stress. Organic solvents, aqueous solutions have been known to be 

a main cause of this failure. 

          
               Fig 4   Environmentally induced corrosion                  

                      



Loss due to corrosion: 

Oil and natural gas represent 60% of all worldwide vitality requests 
[7]

. Corrosion merits 

researching in oilfield applications, in light of the fact that corrosion issues speak to a vast bit of 

the aggregate expenses for oil and gas delivering organizations consistently around the world. In 

addition, suitable corrosion control can help keep away from numerous potential catastrophes 

that can cause difficult issues including death, negative social effects, and water asset and natural 

contamination. Corrosion in oilfields happens at all phases from down hole to surface gear and 

preparing offices. It shows up as holes in tanks, housings, tubing, pipelines, and other hardware. 

Consumption issues are typically associated with working issues and gear upkeep, prompting 

intermittent fractional and even aggregate process shutdown, bringing about serious financial 

misfortunes 
[8]

. The nearness of anode, cathode, electrolyte, and an outside association is 

basically for electrochemical corrosion process in the oil field. The expel of any of these 

elements will be halted the consumption procedure however in reality it is difficult to happen. 

Corrosion in the oil field shows up as hole in tanks, packaging, tubing, pipe line, and different 

types of gear. This procedure changes the base metal to another kind of materials 
[9]

. The most 

destructive condition in oil field operations is caused by follow measures of oxygen going into a 

sharp saline solution framework, and additionally the a lot of carbon dioxide and hydrogen 

sulfide show in a profound oil-well water (development water) . In the oil business, general and 

limited consumption are the most well-known sorts of corrosion events. The other vast issue in 

working channel stream lines is inside consumption for the most part because of stress corrosion 

breaking. Martinez et al. 
[10]

 claim that the blend of corrosion and disintegration is the 

fundamental issue in pipe weakening. In addition, the metal contacts additionally cause fissure 

consumption in the impeded zone amongst tubing and packaging. In the oil business, one feature 

of the improvement of new oil and gas creation is the incitement procedure. Generally speaking, 

the incitement procedure includes a wide range of angles, including the acidizing segment used 

to animate the carbonate supply or for dissolving fines. Hydrochloric, hydrofluoric, acidic, or 

formic acids are infused into the well amid the acidizing incitement process and cause genuine 

corrosion issues. Without corrosion inhibitors (CIs), the general CR (consumption rate) can be to 

a great degree high (>100 mm/y) and can increment exponentially with expanding temperatures 

and corrosive fixation scinity of 10% and 30% of the support spending plan 
[11]

. 

Important metal affected by corrosion are: 

Metal which are affected by corrosion are aluminum, steel and copper. Since these metals are 

exceedingly utilized as a part of everyday life so we can't disregard the harm caused to them by 

the procedure called corrosion. Corrosion prompts different issues which have the effects on the 

ensured, reliable equipment or structures produced using the metals which are influenced by 

erosion. Essential harmful effects of metal are 
[12]

:  

 The mechanical quality of metal gets diminished at last prompting the assistant 

disappointment or breakdown of the whole metal.  



  At point disintegration corrosion prompts the harm in metals by giving it splits along 

these lines prompting the pulverization of metal.  

 Dangers or wounds to people rising up out of basic harm or breakdown (e.g. ranges, 

automobiles, flying machine).  

 Loss of time in availability of profile-generation presents day equipment. Reduced 

estimation of stock due to disintegrating of appearance. Contamination of fluids in metal 

compartments.  

  Gap of vessels and channels allowing takeoff of their substance and possible harm to the 

earth. For example a defective family unit radiator can realize lavish mischief to spreads 

and beautifications.  

Corrosion likewise realizes mechanical misfortune to metals, bar of passages and pipes by 

expanding the frictional properties of a metal. Corrosion of aluminum cause numerous issues,  

(I) it passivate the cathode dynamic material,  

(II)  its strong items increment the electrical protection,  

(III)  Its solvent items pollute the electrolyte and increment the self-release rate. 

(IV)  The disintegrated Al3+ particles relocate to the counter anode and reductively store. 

In spite of the way that aluminum/air battery is an eco-accommodating framework 

and the vitality thickness of this framework is magnificent. It isn't enormously 

utilized as a part of training because of serious hydrogen development issues coming 

about because of erosion of the aluminum anode. 

The erosion of aluminum begins by its response with water which prompts the detoriation in its 

properties. The general response for consumption of aluminuim can be given as: 

AI + 3H2O → AI(OH)3 + 3H2 ↑ 

Steel: steel, a combination of iron is generally utilized as a part of petrochemical, substance and 

metallurgical ventures. It is likewise utilized as a development material attributable to its 

phenomenal mechanical properties and cost adequacy. Because of the brilliant mechanical 

properties and minimal effort, mild steel is broadly utilized as a constructional material in 

numerous businesses. Mild steel is a composite type of iron, which experiences corrosion 

effortlessly in acidic medium 
[13]

. Additionally gentle steel is utilized under various conditions in 

compound and associated businesses for taking care of soluble, corrosive and salt arrangements. 

Essentially for steel erosion happen, first the attack takes at anodic territories of the surface that 

prompts the migration of ferrous particles into the arrangement. Electrons released from the 

anode move to cathodic sides whereby they respond with O2 and H2O and prompt the 

advancement of hydroxyl particles 
[14]

. These hydroxyl particles respond with ferrous particles 

from the anode and give rise to ferrous oxide which gets additionally oxidized and prompts the 

arrangement of ferric oxide i:e rust. 

Traditionally used methods for preventing: 



Taking into contemplations the previously mentioned impacts of erosion it is vital to take a 

promise to restrain this procedure. Despite the fact that it can't be disposed of totally however we 

can make an endeavor to at least hinder its rate at which it happens. Different erosion inhibitors 

are available some of which can be talked about 
[15]

. A consumption inhibitor can be named as a 

substance which diminishes the corrosion rate upon its expansion to nature. 

Anodic corrosion inhibitors: Anodic corrosion inhibitors diminish the corrosion by shaping an 

oxide layer on the metal because of impeding anodic responses. Usually utilized anodic 

inhibitors are chromates, tungstates, molybates and phosphates 

Disadvantages of anodic corrosion inhibitors: Anodic corrosion inhibitors have a genuine 

disadvantage that at high concentration the corrosion rate turns out to be high which is one of 

reason why observing frameworks are prudent with regards to anodic protection.  

Cathodic corrosion inhibitors: It shapes a defensive obstruction on the cathodic range by 

development of some insoluble compound that accelerates on the cathodic site. 

Disadvantages of cathodic corrosion inhibitors: Cathodic assurance sometimes leads the 

development of nuclear hydrogen which gets adsorbed on the secured metal and prompts 

hydrogen embitterment of welds and materials with high hardness 
[16]

. 

Some very commonly used processes for corrosion inhibition: In order to prevent corrosion 

many corrosion inhibitors are available, some of which can be discussed below: 

Paints: Paints are normally the organic coatings which comprise of some finely partitioned 

particles submerged in the preliminary. Paints contain polar compounds which enlarge the 

holding of covering at first glance by confronting their hydrophobic finishes towards nature. 

Regardless of the tremendous utilizations of paints in everyday life it has some risky impacts 
[17]

. 

Disadvantages of paints (organic coatings): Paints have a diverse effect on environment 

because of the nearness of a few added substances, for example, lead and chromium. These are 

well-known for their unsafe impacts to the earth. Also, paint comes in the class of unpredictable 

corrosion inhibitors which comprises of harmful exhaust risky to the wellbeing and condition as 

well 
[18]

. 

Acid pickling: Pickling includes the expulsion of contamination by utilizing acids like HCl. The 

significant drawback of this procedure is that the hydrogen from the corrosive responds with the 

surface and makes it weak and causes splits. 

Attributable to the impediments of the previously as above mentioned corrosion restraint 

technique some option strategies are utilized whereby the corrosion inhibitors utilized are less 

poisonous. Various ecological standards are advanced with a specific end goal to drive, possess 

masters to use non-harmful compounds as an alternative. This will lead us to search 

environment- friendly, cheap, renewable green corrosion inhibitors 
[19-22]

. Corrosion inhibitors 



are substances typically used in less qualities ruins the corrosion rate upon its expansion to the 

destructive media. Common things, for instance, natural compounds can be utilized as inhibitors 

of consumption which get adsorbed on metal surface and shape a defensive covering.  

Much endeavor has been done to replace the toxic inhibitors. Enormous work has been finished 

utilizing organic compounds for hindrance of corrosion yet next to being exceptionally costly 

they have a few negative consequences for condition. One of the strategies to avoid corrosion is 

to utilize ecologically sheltered and non-harmful inhibitors. Compounds (normally organic) 

containing heteroatom like sulfur, N or phosphorous are known to indicate incredible corrosion 

inhibition efficiency. These compounds get adsorbed on the metals surface prompt advancement 

of a defensive layer. This happens because of interaction between lone pair or the π-orbital of the 

metals 
[22]

.The screening consequences of erosion demonstrate that there are such a large number 

of similarities between substructures of medications and consumption inhibitors. Structures 

normally made up of carboxylic compounds and heterocyclic compounds are all the more 

regularly utilized as a part of pharmaceutical 
[23]

. Large numbers of organic compounds have 

been studied and are still being studied to assess their corrosion inhibition potential.  

 They can be grouped into following two sorts: Natural products and less dangerous chemical 

products items. Corrosion inhibitors are chemical compounds typically used in less quality to 

hinder the consumption rate upon its expansion to the destructive media. Normal things, for 

instance, organic compounds can be utilized as inhibitors of consumption which get adsorbed on 

metal surface and frame a defensive covering. The procedure by which an inhibitor adsorbs on 

metal surface may occur by possible four sorts:  

(1) In light of the fact that the charged particles on the metal surface and charged particles on 

inhibitor can associate through the electrostatic cooperation.  

(2) Coordinated effort of unshared electron sets of molecules with surface of metal  

(3) Conjugated bonds (π electron) in the compound may interface with metal  

(4) Adsorption may occur by the compounds of as a delayed consequence of adsorption and 

discouraging the dynamic surface districts, subsequently reducing the consumption rate 

by: (a) directing the anodic or potentially cathodic response (b) decreasing the 

disintegration of forceful species on surface of metal (c) the electrical protection offered 

by the surface of metal can be lessened. 

 However, most of these substances are not only expensive but also posses health and 

environmental hazards. P.B Raja
[23]

 prompting the search for their replacement, plants have been 

recognized as sources of naturally occurring compounds that are generally referred to as ‘green’ 

compounds, some with rather complex molecular structures and having a variety of physical, 

chemical and biological properties. A number of these compounds are enjoying use in traditional 

applications such as pharmaceuticals and bio-fuels. Furthermore, there has been a growing trend 

in the use of natural products as corrosion inhibitors for metals in various corrosive media 

(Orubite and Oforka 2004) 
[24]

. 



Despite the fact that the best and proficient organic inhibitors are aggravates that have π bonds, 

the natural danger of these items, particularly natural phosphate, is recorded particularly about 

their ecological hurtful attributes. From the point of view of security, the improvement of non-

poisonous and compelling inhibitors is viewed as more essential and attractive, these days, which 

are additionally called eco-accommodating or green consumption inhibitors .These dangerous 

impacts have prompted the utilization of common items as anticorrosion operators which are 

eco-accommodating and innocuous 
[25]

. As of late numerous option eco-accommodating erosion 

inhibitors have been examined and created, they extend from uncommon earth components to 

natural mixes. The picked of appropriate inhibitors depend on the corrosive kind, its temperature 

and dosage. The genuine of liquefaction inorganic and additionally natural compound, sort of 

metallic metal which uncovered to acidic arrangement activity. However, accessibility, lethality, 

and cost are huge factors in the use and picked of these inhibitors. Numerous scientists have as of 

late found in the writing in acidic medium for erosion security of SS 316L by natural mixes. The 

determination of these mixes depends on: an) are profoundly solvent in the test medium, and b) 

contain polar practical gatherings, (for example, – CN, N=N and C=O) and various bonds 

(twofold bonds and triple bonds) and broad conjugation as sweet-smelling structure of the ring 

which adsorb on surface of metal. Cases of heterocyclic mixes are N-heterocyclic mixes, for 

example, triazole, tetrazole, pyridine, pyrazole, pyrimidine, pyridazine, indole and quinolone 

utilized as a part of researching their restraint effectiveness in acidic media on steel species . In 

impartial media, great consumption inhibitors that are utilized incorporate benzoate, nitrite, 

chromate and phosphate. The decision of a consumption inhibitor relies upon a few elements 

including yet not restricted to cost and sum, accessibility and its consequences for the earth 
[26]

. 

For protecting the metals against corrosion, the usage of corrosion inhibitors is the best option 

and must be promoted. However, several inhibitors that are in use are either synthesized 

(chemically) or chosen from aromatic or long chain carbon system containing heteroatom. Most 

of these inhibitors are noxious to the environment and cause an imbalance in nature in one way 

or the other 
[27]

.  

Review of literature: Different examinations have been finished by utilizing the amino 

acids and its derivative as erosion inhibitors. Owing from their structural similitudes to the 

financially utilized corrosion inhibitors and non-toxic behavior these have turned out to be an 

awesome achievement in the development of naturally safe erosion inhibitors 
[28]

. The methods 

typically utilized include weight reduction, polarization strategies and electron impedance 

spectroscopy. The effectiveness of restraint and the surface scope are evaluated from weight 

reduction strategy by utilizing the equation: 

Ɵ = W0-Wi/W0 

Ƞw%= W0-Wi/W0 



Where  W0 and Wi are the weight loss in absence and presence of inhibitor, Ƞw% is the inhibition 

efficiency and Ɵ is the surface coverage. Studies have been done using natural product as 

environmental friendly corrosion inhibitors. 

Eco-friendly corrosion inhibitor 

The field of corrosion inhibitors is experiencing sensational changes from the perspective of 

environmental compatibility, because of the ecological organizations in various nations which 

have forced the strict principles and controls for the utilization and release of corrosion 

inhibitors, similar to poisonous quality, biodegradability also, bioaccumulation measures. In this 

way, the advancement of novel corrosion inhibitors with a negligible or zero negative impacts 

has been thought to be more critical also, alluring, so called eco-friendly or green consumption 

inhibitors. As on account of ''ordinary corrosion inhibitors", ecofriendly inhibitors can be 

grouped into two classifications, in particular organic and inorganic eco-accommodating 

inhibitors.  

As Amitha Rani refered to in their survey (Rani and Basu, 2012), some scientist bunches have 

announced the fruitful utilization of normally happening substances (e.g. plant removes) as green 

erosion inhibitors for metallic materials in different corrosives media
[28]

.  

A similar conclusion has been brought up by Gece 
[29]

 in utilizing the medications. In addition, in 

a few distributed papers -A Jmiai, (2017) reported the anticorrosion activity of amino acids and 

its derivative
 [30]

. A Malik, (2011)
[31]

  Oukhrib, (2017)
[32]

, Umoren, (2009)
[33]

, the author have 

noticed the noteworthiness of a few biopolymers (like chitosan and cellulose or their 

subordinates), surfactants, and ionic fluids against consumption of metals. By methods for 

heteroatom(s) confined on practical group(s) or sweet-smelling ring(s) in theirs atomic 

structures, those compounds can be cooperated synthetically or/and electro-statically with metal 

surface to shape adsorbed atomic layer, which averts or confines the contact of the surface with 

the forceful operators in arrangement. It is realizing that at mechanical scale, by and large, the 

organic inhibitors are utilized as a part of acidic conditions, though inorganic inhibitors in close 

impartial medium 
[34]

. In seek of choices for chromate salts, nitrite and nitrates inhibitors, amid 

the most recent decade a couple of research works were accounted for on the utilization of some 

uncommon earth mixes (e.g. CeCl3 and LaCl3) which can be considered as inorganic green 

consumption inhibitors 
[35]

.This impact is ascribed to the precipitation of uncommon earth 

particles on the metal surface, prompting arrangement of defensive sound film. Regardless of all 

that, the use of such compounds as green corrosion inhibitors is judged by utilizing modest and 

environmental agreeable compounds and procedure to deliver it. While, extraction and cleaning 

of naturally occurring substances, like plant extracts, is costly and difficult as well as tedious 

process. Furthermore, utilizing of organic solvents for extraction at abnormal state may harm the 

condition. Similarly, utilization of complex organic combined atoms, for example, medications 

or ionic fluids, as consumption inhibitors is additionally restricted due to their multi-steps 

combination furthermore, greatly costly 
[36]

. Concerning the utilization of uncommon earth 

components as erosion inhibitors, it is constrained by a few detriments. Initially, it is extremely 

confused to isolate uncommon earth component one from another in the rock. This uncovers the 



effectively confinement of utilized innovation 
[37]

. Besides, the extraction procedure includes the 

generation of a great deal of waste, for example, acids, alkali, and a few radioactive components, 

which can conceivably influence the earth if not appropriately treat. At long last, the 

unsteadiness of the uncommon earth components advertise, which can be a significant issue in 

utilizing those components as erosion inhibitors (Architects NBC, 2009). Every one of these 

reasons can be demonstrated the impediment to apply those compounds as future green erosion 

inhibitors.  

The erosion hindrance property of a few amino acids was assessed by a few scientists around the 

world A. Aouniti
[38]

 reported relationship between's inhibition efficiency and Chemical Structure 

of some amino acids on the Corrosion of Iron in molar HCl .These compounds have a specific 

significance to refer to it as green erosion inhibitors, because of their no toxicity and 

biodegradability. In addition, they are dissolvable in watery media, moderately shoddy and 

simple to create at high purity as review given by Kilberg and Haussinger, 1992 
[39]

. Amino acids 

are atoms that must have no less than one carboxyl (ACOOH) gathering and one amino (ANH2) 

aggregate more often than not clung to a similar carbon particle (an or 2-carbon). Alternate 

ligands of the a-carbon are AH and R group of various size, shape, and chemical properties (side 

chain). In physiological media, there are twenty unique amino acids which are utilized to develop 

proteins in all species from microscopic organisms to people (Kilberg and Haussinger, 1992). 

Notwithstanding natural viewpoint, the nearness of heteroatoms (e.g. S, N and O) and possible 

conjugated p-electrons framework on their atomic structures has pulled in the consideration of 

researchers to investigate more their potential capacity to go about as ecofriendly consumption 

inhibitors. 

Also, amino acids find different applications in nourishment and creature bolster innovation and 

in addition intermediates for the chemical industry (e.g. for pharmaceuticals and beautifiers 

applications). Fundamental amino acids are utilized as a part of human parenteral nourishment, 

and glutamic corrosive and glutamates are utilized as season improving compounds in the 

nourishment business (Lee and Wendisch, 2017) 
[40]

. The biotechnological generation of amino 

acids happens at the million-ton scale, which their request has been relentlessly expanded with 

yearly development rates of 5– 7%. Amino corrosive creating strains of Corynebacterium 

glutamicum, which has been utilized securely for over 50 years in nourishment biotechnology, 

and of Escherichia coli are constantly enhanced utilizing metabolic designing methodologies. 

Every year, around 6 million tons of L-glutamate and L-lysine were created by aging around the 

world. Over four decades first speculative utilization of amino acids compounds as corrosion 

inhibitors for metals. Of late, in view of the new ecological limitations as said over, the 

examiners needed to assess the potential inhibitive impact of normal amino acids as well as of 

their subordinates for some metals in an assortment of forceful media. The authors have so far 

explored the utilization of amino acids, too as their subordinates against consumption of iron and 

its combinations, which display more than the half of distributed work. Such intriguing of 

authors can be identified with gigantic mechanical uses of these metallic materials. 

 



Various inhibitors are used to control corrosion of metals, for examples:  

S.No. Metal Medium Inhibitor Methods Inhibition 

efficiency 

References 

1 Iron  NaCl Methionine WL,EIS 80% 
[41] 

2 Iron  HCl Cystine, 

Glycine 

EIS,PP 74% 
[42] 

3 Mild steel H2SO4 Leucine WL,SEM,EIS 70% 
[43] 

4 Mild steel HCl Cysteine and its 

derivative 

WL,EIS,PP 96% 
[44] 

5 Mild steel HCl Alanine EIS 80% 
[45] 

6 Mild steel HCl Glutamine WL 96% 
[46] 

7 Mild steel HCl Phenylalanine 

methyl ester 

WL,EIS,SEM 68.52% 
[47] 

8 Carbon 

steel 

HCl Leucine, 

phenylalanine 

EIS,PP 94.4% 
[48] 

9 Carbon 

steel 

 Methionine, 

Cysteine 

EIS,PP 87.4% 
[49] 

 

Based upon the above literature, much work has been done using amino acids compounds 

corrosion inhibitors. In any case, the utilization of a single amino acids as consumption inhibitor 

by and large has the burden of the high measure of inhibitor utilization. In this specific 

circumstance, the possibility of synergistic corrosion inhibition studies is of extraordinary 

significance as it prompts a reduction in the measure of inhibitor use, and enhances the restraint 

impact of the inhibitor at low concentration. In order to carry forward our project; we have made 

a choice of common natural drugs which can be used as corrosion inhibitors. The effect of 

corrosion inhibition by the drugs shall also be compared to the effect of antioxidants on the 

corrosion inhibition of steel and aluminium. The parameters I have taken into consideration 

include 
[48]

: 

 The drugs that we have selected are easily available. 

 They are non-toxic and have almost negligible effect on environment 

 They are water  soluble 

 They have a structural similarity to the corrosion inhibitors used. They contain 

heteroatoms like N, S and O in their structure. 

 They are cheap. 

 And finally no work has been reported on this drug till now. 

 Proposed Research Objective: parameters to be taken into consideration are as 

follows: 

 To ascertain the hindrance proficiency of amino acids on the erosion of Aluminum and 

steel in acidic medium.  



 To study different adsorption isotherms associated with the communication between 

metals (Al and Fe) and the inhibitor.  

 To distinguish the mechanism engaged with the procedure of corrosion hindrance of 

metals by utilizing the medications.  

 To think about the hindrance proficiency of amino acids and antioxidant on the erosion of 

steel and aluminum in acidic medium.  

 To compute the impact of different parameters, for example, impact of immersion time, 

impact of temperature, impact of time and impact of concentration on the rate of erosion.  

 To appraise different thermodynamic parameters like activation energy, Gibbs free 

energy, entropy and enthalpy  

 To ascertain quantum substance parameters, for example, HOMO, LUMO and dipole 

snapshot of the medications utilized as inhibitors for corrosion of Al and Fe. 

Along these lines, the point of this project is to discover the corrosion restraint effectiveness of 

Aspartame for aluminum and steel. The elements of aspartame incorporate aspartic acid and 

phenylalanine. Both are naturally occurring amino acids. Aspartame is a methyl ester of a 

dipeptide of aspartic acid and phenylalanine. Aspartame is managed by the Sustenance and 

Medication Organization i.e. Food and Drug Administration (FDA). These items must be tested 

for well-being and endorsed by the FDA before they can be utilized. Many examinations have 

searched for wellbeing impacts in lab creatures encouraged aspartame, frequently in dosages 

higher than 4,000 mg/kg every day over their lifetimes. These examinations have not discovered 

any medical issues that are reliably connected with aspartame. 

Structure of aspartame: 
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PROPOSED RESEARCH METHODOLY 

There are number of methods to study the corrosion inhibition efficiency of any compound for a 

given metal. Few important and widely used methods are: 

Weight loss method:  By this method we should have the capacity to compute the surface 

coverage and hindrance effectiveness of inhibitors. This technique involves the specimen to be 

tested for its weight loss by using weighing balance of sensitivity of ±0.01 mg.  The example 

(metal) is treated with corrosive and different concentration of the inhibitors and the weight 

reduction is found in the example before it is immersed in the corrosive medium and after 

drenching for some particular time. The grouping of inhibitor in this system is taken in mgL-1. 

By utilizing this procedure the surface coverage and hindrance proficiency can be ascertained by 

the accompanying formulae. 

The percentage inhibition efficiency of the inhibitor is calculated by: 

                                         
     

  
      

                               

 

Where Wo = weight loss in the absence of inhibitor  

Wi = weight loss in the presence of inhibition at the said concentration. 

Electrochemical impedance spectroscopy: EIS300 software is as Gamrys impedance 

spectroscopy package. Impedance measurements shall be calculated from this instrument. 

Charge transfer resistance values are calculated from the high frequency impedance values. 

Inhibition efficiency is calculated from the values of corrosion current density. This can be 

shown by the following equation: 

Ƞp(%) = i0 corr-icorr/i0corr×100.      

Where Ƞp(%) is  the inhibition efficiency and i0 corr and icorr are the corrosion current density 

without and with inhibitor respectively
 



Quantum chemical calculations: in order to find the HOMO, LUMO and dipole moment of the 

inhibitors Gaussian software shall be used. This program runs by using density function theory 

method. 

EXPECTED RESEARCH OUTCOMES: 

The drug decided for the inhibition studies are expected to be effective toward inhibition of 

corrosion on the surface of the chosen metal consider. This is on account of; it contains 

heteroatom which make it workable for the inhibitor to get adsorbed over the metal surface. Be 

that as it may, the efficiencies of each may change contingent on factor like method of 

interaction with the metal surface, no of adsorption sites, and so forth. 

RESULT AND DATA ANALYSIS: 

Quantum chemical parameter: 

The structure and electronic parameters were calculated by theoretical calculations using the 

computational methodologies of quantum chemistry. The optimized molecular structures of the 

studied molecule aspartame is given below 

                      

                Figure1; showing molecular structure of HOMO of aspartame 



                    

              Figure2; showing molecular structure of LUMO of aspartame 

The calculated quantum chemical parameters such as EHOMO, ELUMO, ΔELUMO-HOMO, 

dipole moments (μ) are listed in Table 1. The molecular structure of aspartame shows that the 

molecules seems to adsorb on steel surface by sharing of electrons of the nitrogen and oxygen 

atoms with iron to form coordinated bonds and π-electron interactions of the aromatic rings. 

 

S.No. Parameters Value 

1 Total energy -96050.47369Kcal/mol 

2 Binding energy  -4324.6543661 kcal/mol 

3 Electronic energy -629103.6278665 kcal/mol 

4 Heat of formation  -91.2653661kcal/mol 

5 Molecular point group C1 

6 Dipole moment 5.986 

7 EHOMO -6.978803 eV 

8 ELUMO 0.770 eV 

9 ∆E( EHOMO-ELUMO) 7.748803 eV 

 

The higher estimation of EHOMO shows the propensity of the atom to give electrons to the 

empty d-orbital while bring down estimation of ELUMO demonstrates the tendency of the 

molecule to accept electrons from mild steel surface. Along these lines, a great inhibitor isn't just 

offers the electron to the vacant d-orbital of iron, yet it ought to likewise have propensity to 

acknowledge electrons in its empty orbital. The energy gap ΔE is an imperative parameter it is 

identified with reactivity of the inhibitor particle towards the metal surface. A high estimation of 

EH-L is related with a less propensity towards reactivity while a low estimation of EH-L means that 

an awesome inclination towards reactivity. Dipole minute (μ) can be understood by conveyance 

of electrons in a particle and large estimations of dipole minute μ demonstrate the adsorption of 

inhibitor. 
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