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Corrosion conirol is an important activity of technical, economical, environmental and aesthetical importance.
Even though corrosion control principles were established long ago, the practice is not always in accordance with the
state-of —the art in this field. So, design procedures seldom contain all necessary steps, i.e. design request, specifica-
tion of corrosion and other exploitation conditions, selection of materials according to their compatibility, sound de-
sign of not only mechanics, but alse of geometry and surfaces, maintenance details during the entire exploitation pe-
riod, etc. Instead some steps are omitted or left to be done by the construction workmanship. In order to elucidate the
principles of corrosion control in view of the electrochemical nature of both corrosion process and corrosion protec-
tion (CP), a step-by-step procedure is given based on the operation mode of a corrosion cell. In such way, a justifica-
tion of each CP procedure is made clear.
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EJHOCTABHH ITIOCTAIIKHA 3A CIIPEUYYBAILE HA KOPO3HJATA -
ITOYKH BA3BHUPAHH BP3 KOHLEIITOT HA EJEKTPOXEMHCKA KOPO3HBHA KEJIHIA

ZamrTHTaTa Off KOpO3Hja € BaXHAa TEXHWYKa, tKOHOMCKa, EKOMIOIIKA B ECTETCKA aKTHBHOCT. 3a XKall,
6e3 orieq HA TOA INTO 3AKOHHTOCTHTE M TeXHHYKaTa M3Be[ba Ha NOCTANKATE BOOMILTO He ¢€ HOBH U He-
MO3HATH, MHOTY YECTO BO NPAaKTHKATa ce cllydyBa THe Aa He OmpaT (HenocHo) nprMeHeTH. Taka peTKo Kora
BO MPOLECOT Ha IPOCKTAPaE Ha METATIHA CTPYKTYPH CE 3acTANEHH CHTE HEONXONHH 3achaTH Kako IITO ce,
Ha IIPAMED, NPOeKTHO Gapatbe, cleURGHIApPake Ha KOPO3KBHHTE W NDYIH YCJIOBH IIPH €KCIUIOaTalH]ja, H3-
Gop Ha MaTepHjaNTe COOPE] HHBHATA2 KOMIIAaTHOMITHOCT, COOIBETHO MPOSKTHPALE HE CAMO HAa MEXaHUIKH-
Te TYKY M Ha ACNEKTHTE Ha TEOMETPHjaTa M NMOBPIIKHATA IUTO ¢t BaXKHH 3@ 3allITHTa O] KOPO3Hja, IeTANATE
Ha ONpXKYBake BO TEKOT Ha UETHOT [epHOJ Ha ¢KcinoaTanuja UTH. llen of orme 3achaTh ce 2aHeMapyBaaT
RJH MY Ce NpenyIlTaaT HAa H3IBeAYBAaYOT Ha 3AUITHTATA, CO CHTE MOXHH HETaTHBHH NociaeqHLy. 3a Ha ce no-
jACHAT NpABHNIATA 34 3ALITATA OF KOPO3Hja IITO ja yBaXKyBaaT eJleKTPOXeMHCKaTa PpHpORA KaKo Ha npolie-
COT Ha KOPO3Hja TaKa M Ha 3alITUTATA Off Hea, NPeJIOKEHa € JEeTa’Ha NMOCTAlKa IUTO NPOH3JIETYBa Off
NPHHUUNOT Ha (YHKIMOHHpake Ha T.H. KopodwBHa Kenwja. Co Toa ce HYJAM ¢IMHCTBEHA M JacHHUYKa
OCHOBA Hi CHTE MOCTANKH 33 3aLITHTA Off KOPo3uja, basupana Ha IpeKWHYBalke Ha CTPYJHOTO KOG BO KOpo-
3MBHaTA Keanja, Ha BAKOB HAUMH Hd NTOCTOJHATE METO/NH 3a 3allITHTA OF KOPO3Hja, NO3HATH Kaxo: 1) 3alITH-
Ta co MPOMEHA HA KOPO3HBHATA CPeIMHA, 2) 3allITHTA CO [IPOMEHA Ha METanoT IITO KOpPOgupa, 3) 3alITHTa
CO NMPUMEHA Ha eIeKTPORHAOT TIOTEHIMjaT ¥ 4) 3aIITHTa €O NMOBPLIMHCKH NPEBJICKH, HM C¢ 1aBa HOBA CMHCIA,
K4KO ef{MHCTBEH KOHLENT Ha3MpaH B3 NOCTOCHETO Ha KOPO3HBHA KeJldja.

Kayynn 360poEH: 3a10THTa O KOPO3Hja; IPOSKTHPahe; KOPO3HBHA KEITHja; CICKTPOXEMHUCKH KOHLETIT

INTRODUCTION does not get the full attention it deserves. The ef-
forts of proper and complete CP design are to be
Proper design is an important part of every understood as a measure that enables the best cor-

corrosion protection (CP) activity, but frequently it rosion performances, normally in conjunction with
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accomplishment of other activities. Despite the
fact that CP design is based on principles that are
rather simple, easy to understand, and well known,
some of them are neglected in performing the inte-
gral project as a whole.

Proper design of a metallic structure implies a
creation of product that is functional, with good
mechanical properties, easy to produce, use and
maintain for a requested period of time, at low
costs, etc. Unfortunately, as far as the corrosion
protection aspect of design is concerned, it often
does not get the due attention. The statement that
corrosion protection begins at the constructor's
desk [1, 2], no matter how many times quoted in
corrosion protection textbooks, is seldom fully
applied in designing practice [3]. Designs that start
up with design criteria and contain precise descrip-
tion of corrosion relevant conditions during the
entire exploitation period, as well as consider the
choice of materials and their compatibility, fol-
lowed by corrosion protection aspect of every de-
sign step (as, e.g. mechanics, geometry, surfaces,
etc. [4, 5]), comparison of alternative construction
solutions, and end with structure's lifelong mainte-
nance, are rather rare in practice, to the best of
these authors’ knowledge. Instead, this important
task is frequently leaved over to the structure's
erector who may be properly qualified and moti-
vated to do it, but will not necessarily execute it.

On the other hand, principles underlying the
corrosion control are rather simple, understand-
able, and more or less familiar to metallic struc-
tures designers. Notwithstanding, they are not fully
applied, and sometimes even neglected. This di-
chotomy in corrosion design's theory and practice
deserves our attention. This paper is aimed to add
some more arguments in favor of proper corrosion
design, by depicturing the principles from another
point of view.

CORROSION CELL - GENERATOR
OF TROUBLES AND SOURCE OF SOLUTION

Understanding the principles of how electro-
chemical cells function is a starting point in corro-
sion protection. Composition of all three types of
electrochemical cells, i.e. the electrolysis, galvanic
and corrosion cell, is practically the same, as
shown in Fig. 1. They all contain 2 electrodes con-
nected by an ionic conductive medium (electro-
lyte) and an electronic conductor.

Corrosive cell

Galvanic cell

Electrolysis

Fig. 1. Schematic of electrochemical cells variety

The electronic conductor in the case of corro-
sion cell is a short circuit, and this determines the
nature of the processes taking part in such a cell.
Thus, metal corrodes at the anode, regardless of
whether it is a well-defined macro-electrode or a
part of an integral metal surface finely divided into
randomly spaced micro-anodes and micro-catho-
des. In conjunction, a reduction process occurs at
the cathode (cathodic surfaces), most frequently
including conversion of dissolved oxygen or/and
hydrogen ions into hydroxyl ions or/and hydrogen
gas, respectively. Anode and cathode exchange
both electrons and ions. The former transfer is re-
alized directly through anode-to-cathode contact,
while the ions are either generated (as, e.g., OH -
ions at the cathode or Fe®*-ions at the anode) or
sink at the electrode surface (as, e.g., H'-ions at
the cathode). In Fig. 2 a graphical presentation of
corrosion cell operation is given.

Short
circuite

Cathode
{protected)

F.'—“'-_-.-'--;-%lonic

conductor

Fig. 2, Scheme of corrosion cell construction and operation.
Corrosion cell is complete only when two electronic
conductors {anode and cathode) are connected
by short circuit and ionic conductor

Detailed knowledge of corrosion cell compo-
sition and function is not necessary only for under-
standing the course of corrosion reaction. It is also
of great help in building the strategy how to pre-
vent its action and numerous harmful conse-
quences. Avoiding at least one of the listed 4 com-
ponents of a typical corrosion cell is the way to
stop, or at least reduce, its formation and function,
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In some cases, as shown bellow, even formal {not
real) avoiding is of help in reaching the protection
goal.

In view of this simple principle, all corrosion
protection measures (remedies) could be named as
follows:

a) Electrolyte

1. Eliminate the electrolyte from corrosion cell

"Dry” corrosion cell will immediately stop its
action due to lack of ionic conductor between the
electrodes. The absence of liquid is also a condi-
tion for elimination of dissolved oxygen, hydrogen
ions or any other potential corrosion-promoting
agent (see Fig. 3a).

2. Eliminate the oxidation agent only

If the former remedy is not feasible for any
reason, lowering of corrosion rate could be
achieved by elimination of those components in
the electrolyte that cause the corrosion reaction
(see Fig. 3b). In most cases, it is enough to elimi-
nate dissolved oxygen (by de-aeration or similar
oxygen removing procedure) or the excess hydro-
gen ions (by neutralizing the electrolyte). As an
ultimate procedure, proper inhibitor is to be ap-
plied, to stop or lower the rate of anodic, cathodic
or both corrosion reactions.

3. Neutralize the action of the electrolyte

Apparent elimination of the electrolyte is
achieved by applying coatings that insulate the
metal surface from the bulk or thin film electrolyte
{see Fig. 3c).

[Me|-j=
(1K) [/~

a) b) c)

Fig. 3. Remedies in the electrolyte aimed to stop/reduce
the corrosion activity: a) elimination (drainage or similar) of
the electrolyte, b) removing of the oxidation agent, c} applying
coatings on the metal surface

Even though absolute insulation of the metal-
lic surface is hard or costly to achieve, this is the
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most frequently measure used, especially against
the corrosion of metals exposed to the atmosphere.
Similar is the effect produced by passivation {an-
odic protection) or by means of some inhibitors.

b) Cathode

1. Eliminate the cathode

Taking the cathode out of the corrosion cell
(see Fig. 4a) eliminates the surface where dis-
solved oxygen, hydrogen ions, or other agents ac-
cept electrons generated at the anode as a result of
the oxidation that take place there. Normally, with
this action, one stops the advance of corrosion
process. Similar effect is achieved by cutting the
cathode's contact with the anode.

Fig. 4. Remedies at the cathode aimed to stop/reduce
the corrosion cell activity: a) elimination of the cathode,
b) application of cathodic protection

In case of micro-galvanic cell, where the
number of cathodes is large, both of these meas-
ures are impossible. Instead, refining of the corrod-
ing metal (aimed at removing the impurities that
serve as efficient micro-cathodes) or its alloying
(aimed at neutralizing the impurity's cathodic ac-
tivity) is an equivalent measure.

2. Neutralize the action of the cathode

If none of the cathode elimination measures is
feasible, there is still another way of neutralizing
the harmful effect of the cathode. Tt is known as
cathodic protection (see Fig. 4b [6]). This is an
active (permanent) protection measure of passing
protective d.c. current that opposes and vanishes
the effect of corrosion current flowing through the
corrosion cell. In other words, this is equivalent to
returning to the anode the electrons consumed by
the cathode, so that oxidation of the anode stops.
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Unfortunately, this effective method could be ap-
plied only in cases when a bulk electrolyte is pre-
sent (as in immersed or underground structures) so
that flow of protective current is feasible.

c) Anode

1. Eliminate the anode

This is only a hypothetical measure, because
the anode is the corroding metal (Fig. 5). Literally
it may mean to replace the metal with some other
material (plastics, rubber or similar), but this is
neither simple nor justified (also this is not favor-
able to those who make their living in metallurgy
and adherent activities such as corrosion protec-
tion).

Fig. 5. Elimination of the anode as hypothetical remedy
against corrgsion

d) Short circuit

1. Eliminate the electronic conductor

Breaking the flow of electrons from the anode
to the cathode stops the corrosion cell activity
(Fig. 6).

Fig. 6. Breaking the anode-to-cathode short circuit is an
effective remedy (applicable only in some cases)

This measure is feasible only in macro-
galvanic cells (where the anode and cathode are
clearly separated) and is known as "avoid contact
of dissimilar metals”. This measure is part of a
category known as corrosion protection by design.
Other measures are, e.g., prevent water retention
(ensure proper drainage), simplify the forms, etc.

***

By carefully reading the above list of corro-
sion protection measures derived out of the corro-
sion cell concept, one can see that it contains all
the elements that in the corrosion textbooks are
usually organized in a different manner. For ex-
ample, the G. Wranglen's five measures [2] named
corrosion protection:

— change of corroding media,

— change of corroding metal,

— change of electrode potential,

— coatings and

— design
are all present in the suggested measures. The ad-
vantage of the approach presented here is that all
measures have their origin in the corrosion cell
concept, which is a rather new way of teaching
corrosion science.
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