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ABSTRACT

Reaction of thiosemicarbazide with Pyrazole carboxal dehyde derivativesto
give the corresponding thiosemicarbazone which characterized by FTIR
and 'HNMR, the product was investigated as corrosion inhibitors for car-
bon steel in HCI by chemical and electrochemical method. It has been ob-
served that corrosion rate decreases and inhibition efficiencies increases
with increasing in inhibitor concentration and temperature. The apparent
activation energy (E,) and other thermodynamic parameters have al'so been
computed. The electrochemical dataindicated the basic modifi cation of steel
surface asaresult in adecrease in the corrosion rate. The polarization data
indicated that the used compound act as mixed type inhibitors. The slopes
of the cathodic and anodic Tafel lines (Bc, Ba) are approximately constant
and independent of the inhibitor concentrations. The inhibition occurs
through adsorption of the inhibitor molecules on the metal surface without
modifying the mechanism of corrosion process. SEM studies revels the
formation of passive film onthe metal surface. Results obtained from polar-
ization, open circut and weight loss measurements are in good agreement
with each other. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Corrosionisathermodynamically feasible process
asitisassociated with decreasein Gibb’s free energy.
Corrosionisan afflicting problem associated with ev-
ery use of metas. Thedamage by corrosion resultsin
highly cost for maintenance and protection of materias
used. Devel opment of methodsto control corrosionis
achdlengeto scientistsworking inthisarea. Amongst
various methods devel oped for corrosion protection,
useof inhibitor isan atractiveand most practica method

for the protection of metalsin contact with corrosion
medium. Inhibitors reduce the corrosion of metallic
materiasby controlling themetal dissolution and con-
sumption.

Metasgenerally tend to movetoitsorigina state
by corroson process. Mild sted isandloy formof iron,
which undergoes corrosion easily in acidic medium.
Acidicsolutionsareextensvely used in chemicd labo-
ratoriesandin several industria processessuch asacid
pickling, acid cleaning, acid descalingand oil wet clean-
ing etd¥. Alsomild stedl isused under different condi-
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tionsinchemical and alliedindustriesfor handling a-
kaline, acid and salt solutions. Chloride, sulfateand
nitrateionsin aqueous mediaare particularly aggres-
sive and accel erate corrosion. Corrosion productsare
formed when ametd giveitsedectronsto theoxidizing
substances. This can be delayed by painting the
metal,or other way of protecting these metalsfrom
corrosionisto use corrosion inhibitors. Many of the
well known inhibitors are organic compounds con-
taining nitrogen, sulfur and oxygen atoms?*., It has
been observed that many of the organicinhibitorsact
by adsorption on the metal surface®. This phenom-
enonisinfluenced by the nature and surface charge of
metal, typeof aggressive medium and chemical struc-
ture of inhibitors. The adsorption of corrosion inhibi-
tor depends mainly on physico-chemical properties
of the molecul e such asfunctional groups, stericfac-
tor, molecular sze, molecular weight, molecular struc-
ture, aromaticity, electron density of thedonor atoms
and (- orbital character of donating e ectrong”™ and
a so ontheeél ectronic structure of the moleculeg? %3,
Many studies had been made on the corrosion and
theinhibition of mild stedl inacid medid*+*®. Modi-
fied plastic waste was used as cheap and safe corro-
sioninhibitorsfor metalsand alloysin different ague-
ous media*®?2,

Themost efficient corrosioninhibitorsusedin hy-
drochloric acid contain heteroatoms such as sulfur, ni-
trogen and oxygen contai ning compounds®,

survey of literaturerevedsthat (i) pyrazolederiva-
tivesareeffective corrosioninhibitorsup to 80 °C (ii)
thiosemicarbazide are effectiveacid corrosioninhibi-
tors, dueto strong adsorption viathe donation of the
lonepair of electronsof Satomin C=Sand N atomto
metal surfacg?,

So that the present work aimed to eva uatethe cor-
rosoninhibition efficiency of theproduct of theinterac-
tion between pyrazole and thiosemicarbazideinthisre-
spect the condensation reaction between pyrazole
carboxaldehyde and thiosemicarbazide to givesthe
corresponding pyrazol othiosemicarbazone, PS.

Thecorrosioninhibition of PStowardscarbon stedl
in 1 M HCIl was studied using chemical and el ectro-
chemical techniquesand the effect of temperature on
the corrosion ratein order to cal cul ate some thermo-
dynamic parametersrelated to corrosion process.

Woateriolsy Science  mmm——

MATERIALSAND METHODS

Synthesisand char acterization of theinhibitor

To a solution of 1-phenyl-3-methylpyrazol-4-
carboxal dehyde (0.1mmole) in ethanol (100 ml) adda
solution of thiosemicarbazide (0.1mmole). Thenreflux
for 3 hours. The solid obtained wasfilterd, washed by
ethanol and recrystalized to give the corresponding
thiosemicarbazone (PS). The method of synthesisis
summarizedinFigure(1). ThelR spectrum of (thesyn-
thesi zed inhibitor) showed the adsorption band at 3386,
3170 (NH,, NH), 1490 cm™ (CH=N) and 1249 cm™
(C=S) while'THNMR spectrum (DM SO) of which ex-
hibit signal at 4.7 (2H, br, NH; exchanged by D,0),
7.4-7.66 (5H, m,ArH), 8.1 (1H, S, CH=N) and 11.4
ppm (2H, brs, 2NH) exchanged with D,O.
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Figure 1 : Chemical structure of 5-Chloro-1-Phenyl-3-
methyle Pyr azolo-4-methinethiosemicar bazone (PS).

Preparation of aggr essive solution

Theaggressive solution (1 M HCI) was prepared
by appropriatedilution of analytical grade 37% HCI
withdoubledistilled water.

Weight loss measurements

Carbon gted dloy withthedimensionsof 2x2x0.05
(cm) with chemical composition (wt %) of 0.29C, 1.25
Mn, 0.03 P, 0.03 Sn, 0.04 Cr, 0.04 Mo, and 0.027 Si
andtheremainder iron The sampleswere polished suc-
cessvdy with finegrades (400,600 and800) emery pa
pers, cleaned with acetone, washed with double dis-
tilled water, dried, weighed and thenintroduceinto test
solution. Weight lossmeasurementswerecarried out in
adoublewall glasscell equipped with athermostat-
cooling condenser.

Potentiodynamic polarization measurements

Theworking el ectrode was made from steel rod
that hasthe same composition as mentioned in point
2.3. Therod was axialy embedded in araldite hol der
to offer an activeflat disc shaped surface of anareal
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cn2, Prior to each experiment, theworking e ectrode
was polished successively with fine grades (400,600
and 800) emery paper, rinsed with acetone, washed
with doubledistilled water and findly dried beforedip-
pingintothedectrolyticcell. A platinumwirewasused
asacounter electrode and asaturated calomel elec-
trode (SCE) as the reference electrode to which all
potentidsarereferred. Thed ectrochemicd experiments
areperformed using radiometer analytical, Voltamas-
ter (PGZ301, DYNAMICELSVOLTAMMETRY).
The experimentswerecarried out by changing thed ec-
trode potentia automaticaly from thestarting potentid
towards more positive values at the required scan
rate(20 Mv S?) till theend of the experiments.

Open circuit potential

The potential of steel electrode was measured
against saturated calomel eectrode (SCE) in1M HCI
solutionin absence and presence of various concentra-
tionsof theusedinhibitorsat 25 °C. All measurements
werecarried out using Multi-tester until the steedy-state
potentiad sarereached.

Scanning electron microscopy (SEM)

In order to study the surface nature of the steel
sampl e, the SEM images of sted specimenwastaken
after anodic polarization in presence and absence of
theinhibitor.

RESULTSAND DISCUSSION

Open circuit potential measurements

The potentia of carbon sted electrodesimmersed
in 1M HCI solution was measured asafunction of im-
mersion timein the absence and presence of various
concentrationsof (PS) asshowninFigure(2). Itisclear
that the potentia of carbon stedl e ectrodeimmersedin
1M HCI solution (blank curve) tends towards more
negative potentia firstly, giving riseto short step. This
behavior was reported by West!*4, which represents
the breakdown of the pre-immersion air formed oxide
film presentson the surface according to thefollowing
equation:
Fe,0,+6HCl — 2FeCl, +3H,0 (1)

Thisisfollowed by the growth of anew oxidefilm
inddethesolution, sothat thepotentia wasshiftedagain

= Fyl] Peper

to morenobledirection until steady state potential is
established. Addition of theinhibitor moleculesto the
aggressive medium shift thepotential to more positive
direction (lessnegative) and asthe concentration of the
inhibitor increases, the corrosion potential was shifted
to morenobledirection.
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Figure2: Potential-timecurvesfor carbon sted immer sed
in 1M HCI solutionin theabsenceand presenceof different
concentrationsof (PS).

Indl curvesthesteady-gatevauesaredwaysmore
negativethan theimmersion potential suggesting that
beforethe steady state condition isachieved the stedl
oxidefilm hasto dissolve. Theresultsof fina steady
state potential (E)) without inhibitor is-590 mV (vs.
SCE) whilethat using the best dose (200 ppm) of the
used inhibitor (PS) is-378 mV (vs. SCE).

Potentiodynamic polarization measurements

Anodic and cathodic polarization curvesfor car-
bon stedl in 1 M HCI with and without various concen-
trations (50-200 ppm) of the used inhibitor at 25°C
wererepresented in Figures(3). Thecurveswere swept
from —500 to 0.00 mV (SCE) with scan rate of 20
mV's?. Figure (3) illustrate that the addition of thein-
hibitor decreasesthe corrosion current densities(l ).
Furthermore, it was al so found that theinhibitors be-
have as mixed-type, i.e. both cathodic and anodic po-
larization curves are affected by theinhibitors®3. The
variablevauesof the cathodic Tafel dopessuggest that
theinhibition action of such compound occursby ssimple
blocking of the electrode surface ared®. The cathodic
current—potential curves give rise to parallel Tafel lines,
whichindicated that hydrogen evol ution reaction was
controlled®. The obtained results indicated that
Pyrazol thiosemicarbazone (PS) productsinhibit HC
corrosion of carbon steel viatheir adsorption on both
anodic and cathodi ¢ active siteswithout modifying the
mechanism of corrosion reaction. Thismeansthat the
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adsorbed inhibitor moleculesblock the surface active
sitesand decreasethe areaavailablefor hydrogen evo-
|ution and meta dissolution reactionsg®.

lag (Afem?) w1040
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Figure3: Potentiodynamic polarization curvesof C-stedl in
1M HClinabsenceand presenceof different concentrations
of inhibitor PSat 303K.

Thecorrosion potential (E_ ), the corrosion cur-
rent density (I, ) weredetermined fromextra-pollation
of cathodel_and anodic Tafdl lines. Thevaluesof E_,
o R, Tafel slopes(b,, b)), degreeof surface cover-
age (0) and inhibition efficiency (L.E %) were calcu-
lated for each sampleand listed in TABLE (1). Itis
clear that at high concentration of theinhibitor theval-
ues of corrosion potentials E_ remain almost un-
changed and indicate that the prepared inhibitor act
mainly asmixed typeinhibitorg34. Addition of thepre-
pared inhibitor to HCI solution decreasestheval ues of
andincreasesthevaluesof R for carbon steel al-

| corr
loy.

Theinhibition efficiency |E % of inhibitorswasca -
culated from polarization measurements by using the

followingequation:
IE% =1-(l,,/1,,,) X100 2
Where: | . and|  arethecorrosion current den-

sitiesinthe absence and presence of inhibitor respec-
tively. Also, thepolarization resi stance(Rp) canbeca-
culated using Stren-Geary equition.
R,=(b,xb)/(2.303i,, (b+b)) (3)
Theresultsreveaed that, theinhibition efficiency

increaseswith increasing the concentration of inhibi-
tors.

Weight loss measurements

Effect of temperature

Effect of temperatures on the corrosion behavior
of carbon steel immersedin 1 M hydrochloricacid for
7 days was studied by the weight loss method over
temperaturerange (303-333 K). Figure (4) indicated
that theweight losses of carbon steel in1 M HCl in-
creasewithincreaseimmersiontime. Theresultsof car-
bon stedl inhibition efficiency of 200 ppm (the best con-
centration) of the prepared inhibitor at different tem-
peratures show that theweight |osses decrease (corro-
sonrate) withincreasing temperaturefrom 303— 333K
which indicate chemical adsorption’,

25
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=
&

Wit. Loss, mg.Cm?
-
o

o

Time, Days
Figure 4 : Weight loss-time curves of C-steel alloy in 1 M
HCl in the presence of 200 ppm of inhibitor PSat different
temper atures

Thecorrosoninhibition efficiency (1E %) wascd-
culated by thefollowing equation:
IE% = ((AW- AW )/ AW) X100 4
Where, AW and AW, aretheweight |oss per unit
areain absence and presence of theinhibitor respec-
tively. AW can be calculated from thefollowing equa-
tion:
AW=W,-W_ 5)
Where, W, and W _aretheweight of the specimen

TABLE 1: Polarization data of the prepared inhibitor.

Sample Conc., ppm  leor., MA/cm?  -Egorr, MV Rp, ohm.cm™ /%Zcr:\(\j/e /dB(Cecr;dVe IE % 0  Coeff.
Blank 0 425.80 101.1 11.2 118.2 346 0 0 0.9946
50 24.2 60 177 335 264 94 0.94 0.9991
PS 100 229 135 212 311 342 946 0.946 0.9994
150 21.4 149 241 302 362 95 0.95 0.9991
200 19.6 134 268 312 362 955 0.955 0.9991
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TABLE 2: Degreeof surface coverage (0) and per centage of
inhibition efficiency (IE %) of thelnhibitor PSin 1M HCl at
different temper atur escalculated from weight lossdata.

Comp - (UT)x mC?ﬁqz LogCR IE, % 6 af':e
ound '’ 103 (?a m. -Log 70 k.J.
y mol™?
303 3.30 0.489 0.311 925 0.925
PS 313 3.19 0.439 0.358 93.6 0.936 715
323 3.18 0.369 0.433 95 095
333 3.01 0.352 0.453 96.7 0.967

before and after reaction, respectively. The obtained
dataof (%IE) andrate of corrosion (C.R.) of PSwere
summarized and listed in TABLE (2). Thedatashow
that CR va uewas decreased with increase of tempera-
ture. Onthe other hand, theinhibition efficiency was
increased with increasing of temperature. Sothat the
inhibitors compounds may be chemically adsorbed on
thestedl surface and cover some sitesof the electrode
surface.

The chemical adsorption can beexplained onthe
basisof theeffect of chemica structureof inhibitorson
itsinhibition efficiency. Inthisrespect, the pyrazal ring,
benzenering, NH, NH, CH=N, and the thiocarbonyl
group (C=S) of PS can form abig (r) bond accord-
ingly, not only the () of benzene, pyrazol and (CH=N)
enter unoccupied orbita of iron, but also, then™* orbital
can accept theelectron of d orbital of irontoform feed
back bonds, which produce more than one center of
chemical adsorption onthested surfaces?.

Activation energy of corrosion:

Corrosionisan eectrochemica phenomenon and
consequently followsthelawsin chemica kinetics. The
corrosion rateincreaseswith temperature asaresult of
decreasing the apparent activation energy, Ea, of the
chargetransfer reactions. Theincrease of temperature
enhancestherateof H* iondiffusion to themetal sur-
facebes detheionic mobility, whichincreasesthe con-
ductivity of theeectrolyte. Theeffect of temperature
ontheinhibition efficiency of corrasoninhibitorsisim-
portant in e ucidation of the mechanism and kinetics of
their action®,

Analysisof theeffect of temperatureon the protec-
tion efficiencies (IE %) Figure (5) and TABLE (3),
showsthat theinhibition efficiency increaseswith an
increaseintemperature. Thisisduetoformation of co

= Fyl] Peper

ordination bond. Thissuggeststhat chemical adsorp-
tion may bethetype of adsorption of inhibitor onthe
metal surface. Figure (6) showstherelation between
corrosion rate (CR) of carbon stedl and temperaturein
both acid solutions and with inhibitor according to
Arrheniusplot.

LogCR =(Ea/2.303RT) +A (6)

Where, E, isthe apparent activation energy and A
Isaconstant.

TABLE (3) showsthe gpparent activation energies
(E) of steel inHCl is 37.3 inthe presence of PSmol-
eculeshigher activation energiesisobserved (71.5).
TABLE 3 showsthat the apparent activation energies
(E) increase by increasing the concentrations of the
used inhibitor. Itisalso indicated that thewhol e pro-
cessiscontrolled by surfacereaction, sincetheenergy
of activation corrosion processisover 20 KJmol ",

Andternaiveformof Arrheniusequationisthetran-
Stion stateequation.

Corrosionrate=(RT/Nh) exp (AS/R) exp
(-AHYRT) )

Where R istheideal gas constant, h the Plank’s
constant, N theAvogadro’s number, AS"and AH® are
respectivey the entropy and theentha py of activation.

Theplotsof log CR/T versus 1/T of theused in-
hibitor Figure (7) showslinear variation withas ope of
(-A H°/2.303R) and the intersection of (log R/Nh +
(AS°/2.303R)). Thevaluesof A H° and A S"werecal-
culated and tabulated in TABLE (3). ThisTABLE indi-
catesthat the addition of PSto the corrosive medium
leadsto anincreasein the A H° values; so these mol-
eculesincreasethehighest of energy barrier for the cor-
rosion Process.

In addition, thevauesof entropy of activation AS
arelargeand negative. Thisimpliesthat the activated

TABLE 3: Thevaluesof activation parametersg , AS’, AH°
for carbon steel in 1 M HCI in theabsence and presence of
different concentrationsof PS.

(o]
Techniques Concentration (Ei] ?Kl-!] (JAKSO
PPM) oY mol)  mol?)
Blank 37.2715 30.5095 245571
50 55.4645 33.833 226.021
Weight loss 100 50.1905 38.801 209.795
150 65.380 43.033 202.239
200 71461 45816 186.829
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Figure5: Effect of temperatureon| E for C-Sed in 1M HClin
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Figure6: Arrheniusplot for C- Seel in 1M HCl solutionin
theabsenceand presence of different concentrationsof the
inhibitor PS.
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Figure7: Transition stateplot for C-Seel in 1M HCI solu-
tion intheabsenceand presenceof different concentrations
of theinhibitor PS.

complex intherate determining step represent associa-
tion rather than di ssociation meaning that the decrease
inadisordering takes place on going from reactantsto
activated complex8. 3,

M echanism of corrosion inhibition:

The organiccompoundscontainingN, Sand O are
known to be effectiveinhibitors. Itseffectivenessde-
pends onthe e ectron density at thefunctional groups.
Theédectron density can bevaried with thehelp of suit-
able congtituentsand thustheinhibition action of anin-
hibitor*d. Thecorros oninhibition property of theused

Pyrazol derivatives(PS) can beattributed to the pres-
ence of heteroatom and nt-electrons on pyrazol and
benzenering. Thesefactorsplay thevital roleinthe
adsorption of theinhibitor and theformation of co-or-
dinate bond with metal. The adsorption of inhibitor on
thesteel surface can occur either directly by theinter-
actions betweenthen-clectrons of the inhibitor and the
vacant d-orbitals of metal surface atoms. Also there
may be an interaction of inhibitor with adsorbed chlo-
rideionsleadsto the adsorption of inhibitor*-42, The
adsorption of inhibitor on steel may aso beduetothe
interaction of nitrogen, sulfur and oxygenwith the sur-
faceatomsof metal. Theinteraction causesthe adsorp-
tion of PSon corroding sitesof metalsand preventsthe
anodic reaction. Asinhibitor concentration increasss, it
coversmore and more surface areaand resultsin the
reduction of corrosionrate.

SEM analysis

The surface morphol ogy of stedl surfacewas stud-
Ied by scanning el ectron microscopy (SEM). Figure (8
aand b) showsthe SEM photograph of the steel sur-
facewithout and with inhibitor after immersionin hy-
drochloricacid corrosivemedia The SEM photographs
showed that the surfaces of metal have pitsand corro-

Figure8a: SEM imagesof C- Stesl immersed in IM HCl in
absenceof inhibitor

FigreSb: SEM imagesof C- Seel immersedin 1M HCl in
presence of 200 ppm of theused inhibitor (PS).
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sion product, but in presenceof inhibitor they aremini-
mized onthemetd surface. It indicatestheformation of
passive layer on the metal surface. So the corrosion
rateisdecreased in the presence of inhibitor and re-
ducestheé ectrochemical reaction.

CONCLUSION

1. Resultsobtaned fromtheexperimentd datashows
that Pyrazol thiosemi carbazone (PS) isagood in-
hibitor for the corrosion of carbon steel in 1M HCI
andinhibition efficiency wasmore pronounced with
increaseintheinhibitor concentration.

2. Theinhibition efficiency increasewithincreasein
temperature, leadingto the conclusion that the pro-
tectivefilm of these compoundsformed on the car-
bon sted surfaceis stableat higher temperature.

3. Thepotentiodynamic polarization curvesimply thet,
(PS) actsasamixed typeinhibitor, but under promi-
nent cathodic control.

4. Thepolarization resistmoe(Rp) vaueincreased with
increasein the concentration of theinhibitor.

5. Theaddition of PSto thecorrosive medium leads
to an increasein the A H° values; so these mol-
eculesincreasethe highest of energy barrier for the
COrrosion process

6. Thevaluesof entropy of activation AS’arelarge
and negative. Thisimpliesthat the activated com-
plex intheratedetermining step represent associa-
tion rather than dissociation.

7. Resultsobtained from polarization, opencircut and
weight loss measurements arein good agreement
with each other.
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