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ABSTRACT

The 3-amino 1, 2,4-triazol, refereed as (ATA), was tested as inhibitor for
different material s (copper, iron and bronze) corrosionin urban-marine solu-
tions by electrochemical polarization methods and weight loss measure-
ment. Results obtained in this study reveal that ATA isagood inhibitor and
the potentiodynamic polarization studies clearly show that ATA is amixed-
typeinhibitor for bronze, cathodic inhibitor for iron and anodic inhibitor for
copper. The inhibition efficiency of ATA increases with the increase of in-
hibitor concentration and reaches an optimum value (up to 90 %) at 102M in
urban-marine solution for the different substrates. The SEM-EDS analysis
of the protective layer of ATA after corrosion experiments shows that the
inhibitor preventsmetal corrosion by the formation of aprotectivelayer and
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INTRODUCTION

The archaeol ogi cal objectsexposed in museums
have often been adversdly affected dueto spontaneous
aggressiveness of theenvironment of museums. Now,
theobjectsburied for centuriesintheground or inthe
agueous environment have gained certain stability with
thisenvironment. Thecorrosion processeswereso ow
that they becamenegligible. However, after excavation,
the sudden change of environment and sometimes
exposureinacorrosveamospheresuchasmarineand/
or urban provokes the restart of the corrosion. The
protection of the metallic objectsof cultural heritage
becomesof agreat importance®*3. Among themethods

used to enhance the stability of the materialsisthe
inhibition that delays the corrosion rate by actingin
severa ways depending on the nature of the material
and the inhibitor. In general, organic compounds
containing polar groups including nitrogen, sulfur,
phosphorus, and oxygen, and heterocyclic compounds
with polar functional groups and conjugated double
bondg'*¥ have been reported as good corrosion
inhibitors. The inhibiting action of these organic
compoundsisusudly attributed tother interactionswith
themetal surfaceviatheir adsorption!**2Y, [n most of
thecases, theinteractionwith themeta isfavored when
theinhibitor isaplanar conjugate moleculewithahigh
p/lone-pair electron density?>?%1, However, the
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adsorption of aninhibitor on ametal surface depends
onthenatureaswell asthe surface charge of themetd,
the adsorption mode, theinhibitor’s chemical structure,
and thetype of the el ectrolyte solution',

Many authorshaveinvestigated the corrosion con-
trol of copper, iron and steelsin various media using
large numbers of organic and inorgani c compounds?”
41 Many works can be found in the literature about
inhibitor propertiesof aminotriazole (ATA) anditsac-
tion“>#4, They have established that thismoleculeacts
by formation of atridimensiona film asan organicre-
vetment.

Theam of thepresent work isto study theinhibit-
ing efficienciesof aminotriazol (ATA) incorroson pro-
cess of bronze, copper and ironin urban-marine me-
dium. Theinvestigationisperformed usng dectrochemi-
cad methods, weight lossmeasurementsand thesurface
andyss.

EXPERIMENTAL PROCEDURE

Materialsand solution

Copper (99%wit), iron (99%wt) or bronze (its
chemica compositionswasgivenin TABLE 1) were
used astheworking e ectrode. Metd e ectrodefor cor-
rosion studies have asurfaces areaof 0.785 cm? for
bronze, 1.1 cn? for iron and 1.4 cm? for copper. These
sampleswerefirst mechanicdly polishedusing SiIC pa-
per in successive grades from 500 to 1200, washed
with deionized water thoroughly, degreased with abso-
lute ethanol and dried.

We used for the corrosion tests, a solution
congtituted of 0.2 g. L™ of Na,SO, + 0.2 g. L™ of
NaHCO, + 0.2 g. L™ of NaCl. The pH was adjusted
to 3 by theaddition of HCI. Thismiddlerepresentsthe
environment of urban-marinezone. For theinhibition
study, we used an organic molecul e; theaminotriazole
(ATA) of chemica formulaC,H,N,.

Weight loss measurements

Gravimetricexperimentswerecaried outinadouble
glasscel. Theweight loss (in mg cn?) was determined

TABLE 1: Compostion of thebronze (% wit).

Cu
78.26

Element Fe Ni Al
% wt 4.2 8.97 8.66

= Fyl] Peper

at different immersion timesby weighing the cleaned
samples before and after hanging the sampleinto 30
mL of the corrosive solutionin the absence and pres-
enceof variousATA concentrations. At theend of the
tests, thespecimenswere carefully washed in distilled
water and dried in hot air and then weighted. All tests
have been performed at room temperaturein aerated
solution. Duplicateexperimentswereperformedineach
caseand themean value of theweight lossisreported.
Weight lossalowed ca culation of inhibition efficiency
of our extract according to thefollowing equation:
We—-w
WO

Where W and W° are the weight loss of alloy
samplesobtainedin corrosive solutioninthe presence
andintheabsenceof inhibitor, respectively.

Polarization measur ements

E% = (

)% 100

Electrochemical measurementswerecarried outin
aconventional three electrodecylindrical glasscell,
containing 100mL of eectrolyteat room temperature.
A standard three-dectrode cell wasused with Platinum
electrode asacounter dectrodeand asaturated caomel
electrode (SCE) asareferenceelectrode. All potentids
arereported vs. SCE. Before each Tafel experiment,
theworking el ectrodewas allowed to corrode freely
anditsopencircuit potential (OCP) wasrecorded asa
function of time up to 60 min. After this time, the
potentiodynamic Tafel measurementswerestarted from
E.,, totheanodic or cathodic directionin the absence
andinthepresenceof inhibitor molecule (ATA), witha
scanrate of 2 mVs?. For pol ari sation measurements, a
potentiostat Voltalab 301 PGZ monitored by a PC
computer and Voltamaster 4.0 software were used for
runthetests, collect and eva uatethe experimentd data.
During each experiment, thetest sol ution was mixed
withamagnetic stirrer.

Theinhibition efficiency (E %) wascaculated usng
thefollowing equation:

IO

E% = ( ')xloo

IO
Where I’ and | are, respectively, the corrosion

current densities obtained in corrosive mediain the
absence and the presence of inhibitor.
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Surfaceand solution analysis

The surface morphology and chemical analysis of
alloy specimens after polarization measurementsin
urban-marine mediain the absence and the presence of
inhibitor (ATA) werestudied using ascanning € ectron
microscopy (SEM), energy dispersive spectroscopy
(EDS) and X-ray diffraction (XRD) techniques. X-Ray
Diffraction measurementswere performed usngaXRD
3003-TT diffractometer equipped with secondary
monochromator and with a Cu Ka radiation source
(Ka,,=1.54) inorder to reveal the nature of phases. A
goniometer 8-6 (vertical) was used for XRD studies. A
scanning electron microscopy (Quanta 200 Fci
Company with EDS) was coupled to these
characterizations to qualify corrosion layers and
morphologies.

Spectroscopy induction coupled plasmawas used
to analyzethe solution. Thecdlibrationismadeinthe
studied solutioninorder to diminatetheeffect of matrix.

RESULTSAND DISCUSSION

Potentiodynamictests

Polarization measurements have been carried out
inorder to gain knowledge concerning the kinetics of
theanodic and cathodic reactionsfor different materials
inthe absence and presence of ATA moleculein urban-
marine media. The obtained polarization curves of

materia sinurban—marine solution without and with
different ATA concentrationsareshowninFigure1l. The
values of the electrochemical kinetic parameters
(corrosion potentia (E_,), corrosion current density
(I.,,), determined from these experiments are
summarized in TABLE 2. They show that the addition
of theinhibitor decreasethe atack of themeta working
electrode.

Thecorrosonpotentid (E_ ) insolutionscontaining
inhibitor isshifted towardsmore positivevalueswith
the increase of its concentration (TABLE 2). The
addition of ATA had influenceonanodicand/or cathodic
part depending on the nature of materia. Thecorroson
current decrease is more pronounced when the
concentration ATA increases. Compared to the blank
samples(Figure 1) thecathodic curvesindicatethat all
the cathodi c polarization curvesfor iron and bronzein
the absence and presence of ATA are parallel which
suggests that the hydrogen evolution is activation
controlled and the presence of inhibitor decreasethe
current without changing the mechanism of reduction
reactionl“ 4,

For iron, no remarkabl e influence on the anodic
part isobserved but the addition of ATA substantially
reducesthe cathodic current dengty. Theefficiency rate
obtained from the pol ari zation curvesreached amaxi-
mum valueof 91% for concentration of 10mM inATA.

For copper (Figure 1b), the anodic curves of the
copper electrode in the urban-marine solution shift

TABLE 2: Electrochemical parametersof iron, copper and bronzein urban-marine media in the presence of different

concentr ationsof ATA.

Cathodic part Anodic part
alloy [&TMA)] Eer (NV/ECS)  icr (NAcm?)  E (%)  Eey (MV/ECS) iy (nAcm?)  E (%)
0 -627 829 -
0.1 -611 3115 62.4
Iron
1 -582 184 77
10 -543 74.8 91
0 -92 863 -
0.1 -20 701 19
Copper
1 -63 164 81
10 -82 64.7 92.5
0 -132 135 - -138 897 -
Bronze 0.1 -50 58.9 56.3 -45 522 41.8
1 -140.8 46.5 65.5 -93 330 63.2
10 -141 40.9 69.7 -136 131 85.4
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Figurel: Polarization curvesof iron (a), copper (b) and bronze (c and d) recorded in urban-marine media at different

concentrationsof ATA.

obvioudy tothedirection of current reduction asadding
theATA, whichimpliesthat the organic compound can
suppresstheanodic reaction (copper dissolution). Based
on themarked decrease of theanodic current densities
uponintroducingtheinhibitor in theaggressvesolution,
thisinhibitor isconsidered asan anodicinhibitor for
copper.

For bronze (Figure 1c and 1d), we note the
reduction of the cathodic and anodic current densities.
Thismeansthat the addition of ATA reducestheanodic
dissolution and also retards the cathodic hydrogen
evolutionreaction.

Fgure2 presentsthevariation of inhibitor efficiency
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Figure?2 : Variation of inhibitor efficiency vs. the logarithm
of ATA concentration
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versusthelogarithm of the concentrationininhibitor. It
resultsfrom thelinear dependence observed that the
adsorption of ATA compound on the surface of aloy
followsanisotherm of Temkin:

0=

T InA,C

o

Where6 isthe coverage of an dectrode surfaceby
an adsorbed inhibitor, g, the adsorption temperature,
a.and A the constants of the system at constant tem-
perature.

Dissolution ratein the passive state

Copper and bronze dissol ution rate were studied
at +600mV/ECS, in urban-marinemediain the absence
and inthe presenceof different concentration of ATA
molecule (Figure 3). Current densitiesdecreasequickly
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Figure3: Thepassivecurrent transientsof copper (a) and
bronze(b) in urban-marinesolution in theabsenceand pres-
ence of different concentrations of ATA. Applied
potential=600mV/SCE.

and takevery low values. In the presence of 10mM of
ATA, thedissolutionratein the passve stateisthelow-
est and therate of formation of passivefilmishighest
(stationary stateisachieved after few minutes). Thede-
creaseof thedissolution kineticsinthepresence of ATA
suggested thefilm becameless porousand more pro-
tectiveowing theintroduction of ATA inthefilm.

Gravimetric measur ements

Thegravimetric measurementscorroboratethee ec-
trochemicd results. Theinhibitor efficiency andthecor-
rosion rate were cal cul ated by weight loss measure-
mentsfor an immersion period of 24h or 7 daysand
varying concentrationsinATA. Corresponding detaare
TABLE 3: Inhibitory efficiency and corrosion rate deter-

mined by weight loss measurements after 24 hoursand 7
daysof immersion period.

Time 24H 7 days
corrosion Corrosion
alloy ([rﬁ(-)rlfl_]) rate E% rate E%
(mg.cm?Zh?) (mg.cm?2.h?)
0 0.022 -
iron 10* 0.011 50
10° 0.011 50
102 0.025 -
0 3.4.10° - 6.6.10° -
10* 1.7.102 50 4.96.10° 248
Copper -3 2 -3
10 0.6.10% 823 24810° 624
1072 0.5.10% 853 0.9610° 854
0 4.9.10° -
Bronze 10* 2.7.10° 449
10° 1.57.10° 679
102 0.45.10° 90.8

giveninTABLE 3.

Examination of TABLE 3 showsthat the addition
of ATA reducesthe corrosion rate of aloys. For cop-
per and 10mM of ATA, theimmersiontimeinfluences
the corrosionrate without changing theefficiency of in-
hibitor. For theiron, we noted theformation of athick
film on the surface that inducesan increasethe mass of
sample after immersion period of 24H. Thebest effi-
ciency isobtained for 10mM of ATA.

Surfaceanalysisby SEM-EDS

For iron, the observation of the surface after im-
mersion in urban-marine solution in the presence of
10mM of ATA for 7 days (Figure 4-b), showsthefor-

Watariosy Stience  mm—.
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¢(a)

(b)

Figure4: micrograph of the electrode of iron after immer -
sion in urban-marinemedia without (a) and with 10mM of
ATA(b).

mation, on thesurface of iron of amore homogeneous
filmthat coverstheentire surface. TheEDS analysis
showsthe presence of peaksattributed to nitrogen and
carbon dueto the adsorption of inhibitor on the sur-
face. The XRD patternsof theiron afterimmersionin
urban-marine mediafor 168h indicatesthat oxy-hy-
droxideof iron haveformed at the surface.

We observed the surface of copper electrodes af-
ter immersionintheurban-marinemediain theabsence
and presenceof ATA for 7 days (Figure5). Inthe pres-
enceof ATA, SEM micrograph (Figure5-b) showsa
uniform surfaceand did not present any corrosionform.
We note the formation of aprotective layer over the

~

-
- -

" -
—20.0)a
.. . SRS

Figure5: micrograph of thedectrodeof copper after immer-
sion in urban-marinemediawithout (a) and with 10mM of
ATA(b).

surface of copper. EDS anaysis showsthe presence of
carbone and nitrogen and the absence of chlorideon
thesurface. Inthe absence of ATA, The XRD patterns
of the copper after immersion in urban-marine media
for 168h indicates that CuO have formed at the sur-
face. EDS analysis shows the presence of chloride
adsorbed on the surface.

SEM micrograph performed on the bronze el ec-
trode after 7 daysof immersion in the corrosive solu-
tioninthepresenceof 10 mM ATA (Figure 6-b) shows
the surface degradation significantly |essthan that ob-
served inthe absence of inhibitor (Figure 6-a).
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(a)
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(b)
Figure6: micrograph of theelectrode of bronzealloy after
immersonin urban-marinemediawithout (a) and with 10mM
of ATA (b).

TABLE 4: Corrosion rate of alloyscalculated using the| CP
analysisof cor rosvesolution containing 10mM of ATA and after
immer son of alloysfor 7 daysperiod at roomtemperature.

Alloy Iron Copper Bronze
Corrosion rate 11102 5510°  10°
mg.cm™“.h

Analyze of each solution by ICP after 7 days of
immersion period alowsusto ca culatethe corrosion
rate of alloysin corrosve medium (TABLE 4). These
resultsarein good agreement with the obtained value
of corrosionrate obtained by weight lossmeasurement.

CONCLUSION

Electrochemical study and weight |oss measure-
ments showed that ATA acted asefficient corrosonin-
hibitors of bronze, copper and iron in urban-marine
solution. The maximum inhibition efficiency reached
exceeded 85%. The observed protecting effect of this
inhibitor was affected by the nature of alloy. For 10mM
of ATA, theinhibition efficiency did not changesignifi-
cantly withincreaseintheimmersion period. Thein-
hibitor tested act by adsorption onthe surfaceleading
totheformation of protectiveinhibitory films.
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