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Abstract

Three corrosion inhibitors namely: 4-allyl-3-thiosiearbazide ¢HgNs S, 4-(1-methyl)-3-thiosemicarbazide,4-
tolyl-3-thiosemicarbazide were tested as corrosibibitors for copper in sea water environmnt.Capgamples
were tested using potentiodynamic polarization nieple in the absence and in the presence of comosi
inhibitors. High inhibition efficiencies>05%) were shown by the tested inhibitors. The pesftormance was
shown by 4-tolyl-3-TSC.

Introduction

Semicarbazide, known as carbohydrazide, is the ida¢émompound with the formula OC(NHIN,H3). It is a
water-soluble white solid. It is a derivative ofear prepared by treating urea with hydrazine. A
thiosemicarbazide is the analog with sulfur atonplace of oxygen atom. Semicarbazones are debyeitie
condensation reaction between a ketone (or aldg¢lardba semicarbazide [1].

Thiosemicarbazide and its derivatives are usedoasion inhibitors for different metallic subseat[2-7].
Thiosemicarbazide and thiocarbohydrazide functionalized chitosan  ewer evaluated as
ecofriendlycorrosion_inhibitors for carbon steel in hydrochloric acidlugion [2]. Al-Bonayan [3] used
thiosemicarbazideand 4-phenyl thiosemicarbazide as corrosion intibitof carbon steel in 2 N ;AQ,
solutions. The inhibition efficiency increases witlicrease in inhibitors concentrations and decreasih
raising temperature. The influence of thiosemicaide, phenylthiosemicarbazide on the corrosion chtsteel
in 2 MHCI was investigated [4]. Results showed thktthe compounds investigated acted as cathggie-t
inhibitors. The corrosion inhibition efficiency sfnthesized 2-(1-methyl-4-((E)-(2-methylbenzylidgmino)-
2-phenyl-1H-pyrazol-3(2H)-ylidene)-hydrazineecatioamide (HCB) on mild steel in 1.0 M HCl was
investigated [5]. The results showed that HCB iithib mild steel corrosion in acidic solution andhibsition
efficiency increased with an increase in the cotregion of the inhibitor. The inhibition efficienayf 1,4-bis (2-
nitrobenzylidene) thiosemicarbazide (BBTS) on tbhe@sion of mild steel in 1 mol/L HCI was investigd [6].
The results showed that this compound had goodbitithg properties for mild steel corrosion in hydhdoric
acid and BBTS was a mixed-type inhibitor. In thedst of Wazzan [7], thiosemicarbazide, arylisotlyivates,
and 1-aryl-2,5-dithiohydrazodicarbonamides wereestigated as corrosion inhibitors of copper &m
aqueous chloride solution.

The present paper compares the corrosion inhib@féciency of some thiosmicarbazide derivativeséa water
environment.
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2. Experimental

Disc specimens were prepared from electrolytic eofff9.9 %) having a diameter of 1.5%Hisc specimens
were fixed in the corrosion cell so that an are@.885 cm was exposed to the testing solution. Specimens wer
polished using SiC papers successively up to 24@8 tp acquire a mirror-like finish. After polisty,
specimens were thoroughly washed with distilledewand dried in air.

Potentiodynamic polarization curves were measurethe Cu electrodes using a conventional thregrelde
cell with a Ag/AgCI reference electrode and a Riegtcounter electrode. The potential was contraligidg a
computerized potentiostat (AutoLab PG STAT 30)e Tgotential was scanned from -0.3 V below theg,E
towards 1 V above the k at a scan rate of 1 m\?fxperiments were carried out in 0.6 maiNaCl solution
simulating sea water environment. Corrosion patarsecorrosion currentgl,), corrosion potential (&) and
corrosion rate (CR) were deduced from the anabfsmlarization curves using the AutoLab software.

Three corrosion inhibitors namely: (1)4-allyl-3g¢bemicarbazide (ATSC) whose molecular formulghtsS,

(2)4-(1-methyl)-3-thiosemicarbazide (MTSC) whose lecalar formula is GH;:NsS, (3)4-tolyl-3-
thiosemicarbazide(TTSC}d,,;Ns;Swere dissolved in the least amount of dimethylemmide (DMF) or sodium
hydroxide and added in the desired amount to thtinte media (3.5% NacCl) so as to give 500, 100d, 2000
ppm. Measurements were performed at 20G While the testing solution was open to air.

3. Results and Discussion

Figures 1-3 show the cyclic anodic polarizationvesrof the tested corrosion inhibitors. The bettavior is
shown by inhibitor MTSC where a clear passive regghibited by the inhibitor at all concentratiqgs®0-2000
ppm). On the other hand, areas under the cyclarigation loop is small indicating the low susdbility of
copper towards pitting corrosion in the presencthefinhibitor. Alternatively, corrosion inhibit@TSC shows
a comparable behavior to inhibitor MTSC showing #ame passive region as inhibitor MTSC. Howetver,
areas under the cyclic polarization loop is rekltivhigher than the one shown by inhibitorMTSC aading
more susceptibility towards pitting corrosion. Twerst behavior is shown by corrosion inhibitor AT $/here
no noticeable passive regions are obtained.

Table (1) shows the corrosion parameters derivem the polarization curves. Very low corrosionreats and
corrosion rates are shown by the tested inhibit@srrosion inhibition efficiencies as high as 98&e shown.
According to Table (1), the highest inhibition eféincy is shown by Inhibitor (3) followed by Inhibi (2) and
finally Inhibitor (1).

Table 1 Corrosion parameters including corrosion curfegt), corrosion potential (&)
and corrosion rate (CR) derived from potentiodyr@aauirves of copper in 0.6 M
NaCl in the absence (blank) and in the presencembsion inhibitors

| Econ /I V | o/ Acmi? | Corrosion Rate/ mm/y| % Inhibition
Blank
‘ -0.236 ‘ 1.479x 18 | 0.1716 |
ATSC GHgN3S
500 ppm -0.237 6.432 x 0 0.0482 71.911
1000 ppm -0.411 1.048 x f0 0.0078 95.454
2000 ppm -0.390 1.863 x f0 0.0082 95.221
MTSC Gi;H1iN3S
500 ppm -0.240 6.54 1x10 0.0049 94.463
1000 ppm -0.275 1.018 x f0 0.0076 95.571
2000 ppm -0.320 1.795 x f0 0.0079 95.954
TTSC GH11N3sS
500 ppm -0.329 3.783 x 10 0.0028 98.369
1000 ppm -0.360 6.297 x 10 0.0047 97.261
2000 ppm -0.365 1.249 x 0 0.0055 96.795
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Figure 1: Potentiodynamic polarization curves gffer in 0.6 mol [!NaCl

in the presence of ATSC at 20°C
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Figure 2: Potentiodynamic polarization curves giper in 0.6 mol [:NaCl

in the presence of MTSC at 20°C
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Figure 3: Potentiodynamic polarization curves giper in 0.6 mol [!NaCl
in the presence of TTSC at 20°C

During the anodic polarization of copper in thet slution containing inhibitors, anodic currentndiy is
considerably reduced compared to the current deobiained in the solution without the inhibitorhd extent

of reduction of the current density is increasethwthe increase of the inhibitor concentration ifahnibitor
TTSC, slightly decreased in the presence of ATSE@ @mains unaffected in the presence of MTSC. The
enhancement in corrosion resistance of copper énpresence of the thiosemicarbazide inhibitor can b
attributed to the formation of a protective layer @opper surface. For example; the inhibitor 4-@tml)-3-
thiosemicarbazide has the form MTSC-H in weaklyd&gineutral, and weakly alkaline media where the H
enotes hydrogen attached to the N atom of the ml@dedhe inhibitor form a protective film of Cu(l)MsC
complex on the copper surface, i.e. [8-10]:

Cu +MTSC-H = Cu(1)MTSC + & 3]

The degree of surface coverage at different congémis of inhibitor can be obtained from the daling
expression:

corl(b) - Icorr(inh)
0 = X 100 [4]

where o), leorgnryrepresent corrosion current densities in the alesemel in the presence of the inhibitor,
respectively. Polarization curves were used to dedlne surface coverage values (Table2) for difiteirehibitor
concentrations. The interaction of inhibitor withet copper surface is best described using the Laingm
isotherm. This isothermis [11-12]:

0/1-@ = AC exp [-E/RT] =KC [5]

where is the surface coverage? i the activation energy, C is the concentratiormiol L* and K is the
constant of the adsorption process. The above iequzdn be simplified as:

@ =1K +C 6]
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Table 2 The degree of surface coverage versus concemniratithe inhibitor

Concentration, ppm 500 100Q 2000
8 of ATSC 71911 95.454 95.221
8 of MTSC 95.57 95.571 95.954
0 of TTSC 98.369 97.261 96.794

A plot of Ch versus C yields a straight line with intercep€.1Figure4-6 show the relationship betweef &id

C for the three tested inhibitors. Linear regrassid the obtained straight line was used to obfidid and
consequentlK.The relationship between the adsorption consténad the standard free energy of adsorption
(AG) is given by [13]:

K = 1/55.55 exp[AGY/RT] [7]

where R is the universal gas constant and T isatisolute temperature. Standard free energy of piigor
(AG®) of -35.242, -37.659 and-38.605 kJ Hmle obtained for ATSC, MTSC and TTSC, respectiv@lye
negative value oAG® indicates the spontaneity of the adsorption reaatf the inhibitors on the copper surface.
It also points to chemisorption occurring in théenaction of inhibitors and the surface of coppéem charge
sharing or transfer from the inhibitor moleculeste copper surface forms a co-ordinate type ofibon
Thiosemicarbazide derivatives inhibit the corrosimincopper by adsorption at the metal/solution riiaize.
Corrosion inhibition results from the presence m@ef electron pairs in the sulphur atoms, p-elestrom the
aromatic rings, molecular size and the formatiommeftallic complexes. The unshared and p-electrotesact
with d-orbital of Cu to provide a protective filmh@& inhibitive properties of such compounds depemdhe
electron densities around the active centee, ltigher the electron density at the actiemter, the more
influence is the inhibitor [14-15].
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Figure 4; Langmuir adsorption isotherms of copper in 0.6 mtNaCl
in the presence of ATSC at 20°C
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Figure 5; Langmuir adsorption isotherms of copper in 0.6 hitNaCl
in the presence of MTSC at 20°C
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Figure 6: Langmuir adsorption isotherms of copper in 0.6 mtNaCl
in the presence of TTSC at 20°C

4. Conclusions

Thiosemicarbazide derivatives show quite high camo inhibition efficiency (>95). The high inhiloh
efficiency of thiosemicarbazides can be attributethe formation of a protective film of Cu(l) Inibdr complex

on the copper surface. The inhibition efficiency tekted thiosemicarbazides obeys Langmuir adsorptio
isotherms while the calculated free energy of gusam indicates chemisorptions of the inhibitor copper
surface.
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