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O PROBLEMA VECHE — INSTRUMENTE DE
CERCETARE MODERNE

AN OLD PROBLEM - UP TO DATE
INVESTIGATION INSTRUMENTS

Coroziunea este un fenomen omniprezent, care
duce la distrugerea metalelor, materialelor plastice,
mineralelor; ea are drept consecintd cheltuieli pentru
reparatii si Tnlocuiri, care se ridica la miliarde de dolari
anual. Ca urmare, este normal sa se investeasca sume
comparabile Tn cercetarile pentru protectia anticoroziva.

Intrucat coroziunea este un fenomen interfacial,
care afecteaza interfetele solid/gaz sau solid/lichid, diferitele
metode de cercetare a suprafetelor se pot aplica si in studiul
coroziunii. inainte de a ajunge la bine-cunoscutele consecinte
macroscopice, coroziunea porneste la nivel atomic, iar
observatiile realizate n aceasta etapa au o valoare deosebita
pentru caracterizarea comportarii materialelor in conditii date
de exploatare. Aceste consideratii aratéd ca, pentru studiul
proceselor de coroziune, ar fi deosebit de adecvate diferitele
tehnici de investigare in situ a suprafetelor, de tipulmicroscopiei
de baleiaj SPM (scanning probe microscopy), cuprinzand o
serie de metode superficiale deosebit de sensibile, care se pot
folosi in prezenta diferitelor solutii sau gaze corozive. Aceste
metode microscopice, dezvoltate pornind de la microscopia de
baleiaj cu efect tunel (STM), folosesc o sonda fizica pentru a
obtine reprezentari ale suprafetelor, prin scanarea unei probe si
inregistrarea interactiunilor dintre sonda si suprafata in functie
de pozitia pe suprafatd. Devine astfel posibila observarea
directa, Tn timp real, a proceselor de coroziune la scala
nanometricd, cu o rezolutie atomica sau aproape atomica si
adesea obtinerea unor valoroase informatii cinetice, pe langa
date structurale importante.

Probabil cea mai populara tehnica in acest
domeniu este microscopia de forta atomica (AFM),
in diferitele ei moduri de operare: modul de contact, de
contact intermitent (tapping), de rezonanta de torsiune.
In principiu, suprafata probei este adus& atat de aproape
de un varf fin de cristal, montat pe un brat (cantilever)
flexibil, incat fortele de interactiune atomice dintre varf
si proba determina incovoierea cantileverului. Aceasta
indoire Tn planul z (vertical) este monitorizata, astfel
incat prin baleierea probei cu varful se obtine o imagine
tridimensionala a topologiei suprafetei probei. Instrumentul
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EDITORIAL

Prof. dr. chim.
Ossi HOROVITZ

Universitatea Babes-Bolyai
Cluj-Napoca
Catedra de Chimie-Fizica

Corrosion is an omnipresent phenomenon,
destroying metals, plastics, minerals; it results in repair
and replacement costs amounting yearly to billions of
dollars. It is therefore naturally that comparable high sums
are invested in research for corrosion protection.

Since corrosion is an interfacial phenomenon,
affecting solid/gas or solid/liquid interfaces, surface
investigation methods are applicable in the study of
corrosion. Before presenting its well-known macroscopic
consequences, corrosion starts at the atomic level,
and observations at this stage are most valuable for
the characterization of materials behavior under given
exploitation conditions. These considerations make
corrosion processes quite appropriate for investigations
by the various surface techniques of in situ scanning
probe microscopy (SPM), a range of highly sensitive
surface methods that can work in the presence of
various corrosive solutions and gases. These microscopy
methods, originating from the scanning tunneling
microscopy (STM), use a physical probe for giving
surfaces imaging by scanning a sample and recording
the interactions between probe and surface versus
the position on the surface. Thus they make possible
direct, real-time observation of corrosion processes at
nanometric scale, with atomic or near-atomic resolution,
often providing valuable kinetic information as well as
important structural data.

Probably the most popular technique in this area is
atomic force microscopy (AFM), in its various operation
modes: contact mode, tapping mode, torsion resonance
mode. In principle, a sample surface is brought into
such close proximity with a fine crystal tip mounted on a
flexible cantilever, that atomic interaction forces between
the tip and the sample cause the cantilever to bend.
This bending in the z (height) plane is monitored and, by
scanning the tip across the sample a 3D image of the
sample surface topology is acquired. The AFM instrument



AFM poate realiza rezolutii verticale in domeniul de la 1
la 2 A, iar rezolutia laterald este de 10 A (1 nm) sau mai
putin. Pe langa hartile topografice bi- si tridimensionale,
se obtin imagini de faza, precum si sectiuni transversale
de-a lungul unei directii date de baleiaj. Se poate exprima
cantitativ rugozitatea suprafetei probei si se poate urmari
evolutia ei Tn timpul procesului de coroziune.

Utilizarea AFM ca instrument de cercetare de baza
pentru studierea coroziunii a devenit tot mai populara in
ultimii cativa ani si au fost dezvoltate numeroase variante
in situ de microscop de forta atomica electrochimica
(ECAFM). Cateva dintre temele investigate prin metodele
AFM sunt: structura diferitor suprafete metalice gi a unor
suprafete pasivate, adsorbtia, orientarea si aranjarea
inhibitorilor de coroziune pe suprafete metalice, gradul
de acoperire si adeziunea vopselelor si altor acoperiri,
dar au putut fi evaluate si viteza si mecanismul coroziunii
(cum ar fi mecanismul de coroziune punctiforma, in
pitting). De exemplu, metoda AFM s-a folosit pentru
studierea proceselor de corodare pe electrozi de fier. S-a
observat topografia fierului in stadiile initiale ale coroziunii
electrochimice in diferiti electroliti si s-au putut identifica
produsi de coroziune, precum FeOOH.

Cand pelicula de pasivare pe metale este prea
subtire pentru a putea fi caracterizata prin microscopie
electronica de baleiaj (SEM), era greu sa se obtina
informatii morfologice asupra acestei pelicule. Dezvoltarea
tehnicilor ECAFM in situ a facut posibila cercetarea
suprafetei electrozilor in conditii de operare in timp real,
odata ce ele pot furniza imagini de Tnalta rezolutie ale
unei probe scufundate intr-o solutie de electrolit si supuse
unei procesari electrochimice. Rezultatele obtinute
contribuie la Tntelegerea cresterii si naturii peliculelor de
pasivare si suprafetelor legate de ele, usureaza gasirea si
caracterizarea defectelor peliculei de pasivare.

O alta cale de a valorifica posibilitatile metodelor
AFM este datd de microscopia de potential superficial,
numitd si microscopie de forta cu sonda Kelvin (Kelvin
Probe Force Microscopy, KPFM), o tehnica derivata
din modul de contact intermitent al AFM. Prin aceasta
tehnica se méasoara potentialul electrostatic al unei mici
portiuni din suprafata probei, situate imediat sub varful
AFM, potential masurat fatd de potentialul acestui varf.
Ca urmare, metoda furnizeaza valori numerice sigure,
reproductibile, ale unei cantitati - alta decat dimensiunile
topografice, si poate reprezenta aceasta cantitate peste
suprafata probei, simultan cu topografia acestei suprafete.
Rezultatele calitative si cantitative ale masuratorilor AFM
de potential superficial si imagistica rezultata se coreleaza
cu rezultatele diferitor tehnici de analiza.

Consideratiile de mai sus au urmarit sa dea o privire
fugara asupra modului in care tehnicile de cercetare
recent dezvoltate ne sprijina in abordarea uneia din cele
mai vechi probleme ale stiintei si ingineriei materialelor,
procesul de coroziune.

is capable of vertical resolutions in the region of 1 to 2 A
and lateral resolution of 10 A (1 nm) or less. Besides 2D-
and 3D topography maps, phase images are obtained
and also cross sections along a given scan direction. The
roughness of the sample surface can be quantitatively
expressed and its evolution during the corrosion process
can be followed.

The use of AFM as a key research tool for studying
corrosion has been steadily gaining popularity over the
past several years and numerous variants of in situ
electrochemical atomic force microscopy (ECAFM) have
been developed. Some of the subjects investigated by
means of AFM are: the structure of a variety of metal
surfaces and of passivated surfaces, the adsorption,
orientation and ordering of corrosion inhibitors on metal
surfaces, the coverage and adherence of paints and other
coatings, and also the rate and mechanism of corrosion
(e.g. pitting mechanism) could be assessed. For instance,
AFM has been used to study the corrosion processes of
iron electrodes. The topography of iron in the early stages
of electrochemical corrosion in various electrolytes was
observed and products of corrosion, such as FeOOH
were identified.

When the passive film on metals is too thin to be
characterized by scanning electron microscopy, it has
been difficult to get morphological information about the
film. The development of in situ ECAFM techniques has
provided the capability to study the surface of electrodes
under real-time operating conditions, since they can
provide high resolution images of a sample subjected
to electrochemical processing while immersed in an
electrolyte solution. The results provide additional insight
into the development and nature of the passive films and
related surface, they help to find and characterize defects
of the passive film.

Another way to exploit the capacity of AFM methods
is given by surface potential microscopy, or Kelvin Probe
Force Microscopy (KPFM), a derivative of tapping mode
AFM. This technique measures the electrostatic potential
of a small area on the sample surface, immediately
underneath the AFM tip, measured relative to the potential
of this tip. Therefore, this method furnishes reliable,
repeatable numerical values of a quantity other than
topographic dimensions, and maps this quantity across
the sample surface area, simultaneously with topography.
The qualitative and quantitative results of AFM surface
potential measurements and imaging correlate with
results from different analytical techniques.

The above considerations aimed to get a glimpse
of how newly developed investigation techniques help to
approach one of the oldest problems of material science
and engineering, the corrosion process.
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