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ABSTRACT

Corrosion control of metals is an important activity of technical, economical, environmental and aesthetical
importance. The continuous search for better corrosion inhibitors, due to vast differences in the media encountered
in industry remains a focal point in corrosion control. The use of organic compounds to inhibit corrosion has
assumed great significance due to their application in preventing corrosion under various corrosive environments.
The corrosion inhibition of aluminium by thiourea in 1 M MSA has been investigated by weight loss measurements
and temperature effect. The experimental data complied with Temkins Adsorption isotherm and the values of
activation energy and heat of adsorption obtained suggested that inhibitor molecules have been spontaneously
adsorbed on the aluminium surface by physical adsorption mechanism.
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INTRODUCTION

Corrosion is an electrochemical process by whichahie structures are destroyed gradually throughdic or

cathodic reaction or both. Corrosion control candwhieved by the use of inhibitors [1]. This phereoon

necessitates the continuous search for bettergiorranhibitors due to vast differences in the raeglcountered in
industry which remains a focal point in corrosiamtrol as inhibitors slow down the corrosion praces metals. A
number of organic compounds [2-10] are known tcapplicable as corrosion inhibitors for aluminiumanidic

environment. Such compounds typically contain igém, oxygen or sulphur in a conjugated system andtion

via adsorption of the molecules on the metal serfaating a barrier to corrodent attack. The gu&nr bond

strength is dependent on the composition of theahagtd corrodent inhibitor structure and conceittnaas well as
temperature. Despite the broad spectrum of orgemicpounds, the choice of appropriate is restrittgdeveral
factors. Most of the acid inhibitors are organienpmunds contain nitrogen [11-13], oxygen [14-1Hpgphorous
[18] and sulphur [19-20].

Attempts have been made to reduce surface filmoldisesn and hence protect the metal in aggressoieé and
alkaline media. Aluminium is an important structueagineering material, its usage ranking only hdhierrous
alloys. The growth in usage and protection of ahiom continues to increase. The extensive useushiaium lies
in its strength, density ratio, toughness and toesdegree, its corrosion resistance. Aluminiumxiersively used
in industrial application such as automobiles, fdaadling, containers, electronic devices, buildiagations, etc.
[21-23].

Usually acid solutions are often used in industrydleaning, descaling and pickling of metalliaustures which are
normally accompanied by considerable dissolutiomefal. Among the all mineral acids, methane sutpdacid
is far less corrosive employed in diverse indukpracess [24]. MSA can replace fluoroboric acidl diaiorosilicic
acid (the only commercially successful acid forddctroplating), which have lachrymatory propertesl evolve
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HF, which is of great industrial concern [25]. & also present in natural environment as a path@fbio geo
chemical sulphur cycle, where atmospheric dimegufphide arising from marine algae, cyanobactenia salt
marsh plants in photo chemically oxidized leadiogtSA formation [26]. Highly corrosive and toxic Hfan also
be replaced by MSA in paracetamol production. [27].

There is several manufacturing process. In therohtixidation process (the conventional one, dewsdopy
Pennwalt Corporation in 1967[28]), methane thioloiddized by chlorine to form methane sulphonylochde,
which is then hydrolysed to form MSA with HCI agyproduct.

The overall reaction of this synthesis is giverEguation 1.

CH,SH + 3C} + 3H,0 > GHOH + 6 HCI (1)

Environmental compatibility is a prime requireméat reliable performance of metals. It is theref@ssential to
measure corrosion susceptibility in the media lthiettg used in real industrial applications.

The purpose of the present work is to study théitibe action of thiourea on aluminium in | M methe sulphonic
acid using weight loss techniques and thermometethod. In addition adsorption isotherm will beestigated.

EXPERIMENTAL SECTION

2.1. Specimen Preparation

Aluminium metal with purity 98.5% was used in theegent study. Each sheet was 0.1 cm in thicknedsiais

mechanically press cut into 5cm X 2.5 cm coupdiach specimens were ground manually under a stoéavater

starting with 400 grit SiC paper and continued =iiith 800, 1000, 1200 grit papers. Between eaclepapange,
the sample was rinsed with distilled water to reenthe particles arising during grinding. Each samwpas ground
in one direction until all imperfections were remdvand the surface was covered with a uniform pattd

scratches. The polishing procedures were repeaatgdto achieve a mirror finish. After polishinthe samples
were degreased by washing with ethanol, dried @tce® and preserved in a desiccator. Describetkduwe was
used for the preparation of samples for the eleb&gmical and immersion tests as well as for théasaranalysis.
All reagents used for the study were analar gradiedauble distilled water was used for their pragian.

2.2. Electrolyte
An aqueous solution of 1M MSA was used as blanktsmi. Thiourea provided by Merck was used ashitibi.
The concentration range of employed inhibitor wa8 + 400 ppm in 1M MSA.

2.3. Weight loss method

The cleaned and dried aluminium coupons were welighrel suspended with the aid of glass hook in &drea
contain 100 ml of 1M MSA solution with and withodifferent doses of thiourea concentration rangeanf.00-
400 ppm. The coupons were taken out of the testisal after 12 hours, washed in 70% nitric acideamove the
corrosive product using bristle brush, rinsed wdttilled water, dried and reweighed. From theid@hiind final
weight, the loss in weights was calculated. Comosate was calculated by using the formula:

Corrosion rate (mdd): Weight loss X @00
)

Surface afedar) X Time (days)

The loss in weight is expressed in milligram peuesge decimeter per day (mdd). This value can beerted into
the equivalent corrosion current by using Faradiyis. The conversion factor for the aluminiumroding to AF*
[29] is 1mdd = 3.16 X 1¢ Amp cmi*.

2.4. Temperature effect

Weight loss measurements were promoted at varempdratures of two hours in each case. The loggight
was calculated. Weight loss measurement was peefbin 1M MSA with and without the addition of ibftor at
their best inhibitory concentration percentagebithi at various temperature was calculated.

2.5. Adsorption isotherm

The adsorption isotherm can be determined by assuthiat inhibition effect is due mainly to the ags@mn of

metal/solution interface. Basic in information ke tadsorption of inhibitor on the metal surface barprovided by
adsorption isotherm. In order to obtain the isothethe fractional surface aref) (as a function of inhibitor
concentration must be obtained. Surface coveragebe easily determined from the weight loss messent by
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the ratio % I.E /100, where % I.E is Inhibitiefficiency obtained by weight loss method. So ihéxessary to
determine empirically which isotherm fits besthe tdsorption of inhibitor on the aluminium surface

RESULTS AND DISCUSSION

3.1. Weight loss consideration

Different experimental techniques have been useevialuate the inhibition efficiency of thio ureara@imetric
method is one of the simplest method. Determinatib the weight loss allows the calculation of bition
efficiency and surface coverage. It was obserted thio urea inhibits the corrosion of aluminiumiM MSA
solution at all concentration used in study fron® 1@ 400 ppm. Maximum inhibition efficiency was shoat 300
ppm and it reached 78%. It is evident from Tabletht the corrosion rate is decreased with incngashe
concentration of thiourea.

Table 1 Corrosion parameters of aluminium in 1 M MSA in absence and presence of different concentratioof thiourea from weight loss

measurements

Concentration of| Corrosion rate| Corrosion Currentf Percentage of Degree of

thio urea (mdd) X 10 Amp cnm? Inhibition surface
(ppm) Efficiency (1 %)| coveragé)(

Blank 137.09 0.433 - -

100 99.01 0.313 27.28 0.28

200 68.55 0.217 57.00 0.58

300 30.46 0.096 77.78 0.78

400 45.69 0.144 66.67 0.67

The results suggests that the increase the eftigianth increasing in inhibitor concentrations besa of increase
the number of molecules adsorbed on the aluminiurfase and reduce the surface area that is avaifablthe

direct acid attack of the metal surface[30]. Thecpntage of inhibition efficiency (I %) and degmfesurface

coveragef{) were calculated from the following relationshigi@d 4.

% of Inhibition Efficiency () ——— » W-W,; /WX 100 3)

Degree of surface coverag > W,/ Ws (4)

where W and W, are the weight loss data of the metal surfaceha dbsence and presence of the inhibitor
respectively.

3.2. Effect of Temperature

Two main types of interaction often describe adonpof organic inhibitors corroding system are giogl and
chemical adsorption. It has been suggested [32488] physisorbed molecules are attached to thalragtthe
cathodes and essentially retard metal dissolutiostifling the cathodic reaction where as chemisdrimolecules
protect anodic areas to reduce the inherent regctif the metal at the sites where they attackdte apparent
activation energy Efor aluminium dissolution in 1 M MSA solution ihé absence and presence of inhibitor
thiourea was calculated from Arrhenius equatiod] [3

log iy, —» H 2.303 R [1/T-1/T,] (5)
Where  and 5 5ethe corrosion rates at temperaturesiid T, respectively.

The heat of adsorption (g was obtained from the trend of surface coveraitfe temperature as follows: [35]
Qags— > 2.303R [log §,/1-6,) —log (01/1—01)] X [T1 T/ To,—T4] (6)

whereb, andf, are degree of surface coverage at temperatyrasdl'b. R is the gas constant. The values obtained
for the blank, inhibited system containing thioueea presented in Table 2.

From the table 2 , it is evident that all caseslearease the inhibition efficiency with rise inmfgerature with
analogous increase in corrosion activation enengné presence of inhibitor compared to its absénéequently
interpreted that the formation of an adsorptiomfdf physical nature. The effect correspondingoincrease in
inhibition efficiency with rise in temperature atover the activation energy in the presence oflitbi suggest a
chemisorptions mechanism [4, 7, 19]. From the doieg, the trend for the thiourea inhibitor suggest
predominant effect physisorption of inhibiting sjgscon aluminium in 1 M MSA.
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Table 2 Calculated values of inhibition efficiencyl), activation energy (E) and heat of adsorption (Qgs) for thiourea on aluminium in 1

M MSA at different temperature

Concentration of

Inhibition

efficiency (1%)

-1 -1
thiourea (ppm) at 30C at 60°C Ea (KIMOI™) | Quas( KImol™)
Blank - - 0.275 -
100 25.41 18.71 0.32 -0.195
200 48.53 33.77 0.401 -0.309
300 76.57 59.08 0.554 -0.459
400 72.92 54.57 0.534 -0.413

It is also evident that £ values are negative ranged fron0495 to —0.413 KIJmol. The negative Qs values
show that the physical adsorption and inhibitidiicefhcy decreases with rise in temperature [34].

3.3. Adsorption consideration

To understand the mechanism of corrosion inhibjtitwe adsorption behavior of the inhibitor compownd the
composite surface must be known. Values of degreesusface coveragef) were evaluated at different
concentration of the thiourea in 1 M MSA solutioorh weight loss measurement. The surface covefjgealues
were tested graphically by fitting a suitable agsion isotherm. The plot o6 versus log C for different
concentration of thio urea shows a straight lindgidating that the adsorption of the compound ondbmposite
surface follow Temkins adsorption isotherm.

Swurface Coverage ' .. -

Figure 1 Temkins adsorption isotherm for thiourea @ aluminium in 1 M MSA

The applicability of Temkins adsorption isothernrifies the assumption of monolayer adsorption an uhiform
homogeneous surface of aluminium with an interadtiothe adsorption layer.

CONCLUSION

1. Thiourea was found to be effective inhibitor &uminium surface in 1 M MSA solution.

2. Inhibition efficiency increase with increasititor concentration but decrease with rise mperature.
3. Activation energy increase as the concentraifanhibitor increases.

4. Negative values of £ shows that the inhibition efficiency decrease$witrease in temperature.

5. The data obtained from weight loss techniquevéif with the Temkins adsorption isotherm.
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