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Summary:

This paper analyzed the conditions for the occurrence of cor-
rosion processes on historically important weapons and military
equipment made of steel during the period in outdoor environment.
A considerable attention has been given to the characteristics of
the most important corrosion products formed on the steel surface.
The formation of akaganite, B-FeOOH is a sign of active corrosion
under a layer of corrosion products. The conditions that cause the
formation and regeneration of hydrochloric and sulphuric acid du-
ring the exposure to the elements were analyzed. The most often
applied methods of diagnostics and procedures of removing active
corrosion anions (desalination) were described as well. The NaOH
solution of certain pH values still has the most important applica-
tion for the desalination process. The procedures for cleaning the
surface before the application of protective coatings and the appli-
cation of chemicals that transform rust into stable compounds we-
re discussed. As protective coatings, different types of organic co-
atings plated on well-prepared steel surfaces were used and so-
metimes special types of waxes as well. This paper presents the
results of the tests of corrosion products taken from the exhibits of
weapons and military equipment from the Military Museum in Bel-
grade.
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Introduction

Corrosion is the destruction of metals and alloys caused by che-
mical or electrochemical reaction with the surrounding environ-
ment [1]. Electrochemical corrosion is a result of the electrochemical re-
actions and liable to the law of the electrochemical kinetics. This includes
all cases of corrosion in a humid atmosphere, in the soil, as well as corro-
sion in the electrolyte solutions. During electrochemical corrosion, two or
more electrochemical reactions occur on metal surface at the same time.
An anodic reaction is the dissolution of metal or transition metal ions in
the solution, while a cathodic reaction is the reduction of oxidation agents
occurring in the solution. It is usually the reduction of oxygen. In acidic
media, the reduction of hydrogen ions occurs [1-3] at the same time.

Anodic current (current of metal dissolution) is called corrosion current
Icorr and it can be taken as a measure of the corrosion process rate. Fara-
day's law connects the mass of dissolved metal with a value of corrosion cur-
rent. In general (uniform) corrosion, anodic and cathodic reactions take place
on the same surface, so the corrosion rate is expressed through the relation of
the current and the surface, i.e. the corrosion current density, jeor = leon/A. IN
the case of localized forms of corrosion, anodic and cathodic currents must al-
so be equal, but the anodic and cathodic surface areas can be very different,
because the dissolution of metal is much more intensive at some places [3].

Weapons and military equipment made of steel underlie to corrosion du-
ring the process of exploitation in the outdoor environment. On their surface a
layer of corrosion products (rust) is gradually formed, with corrosion aggressi-
ve ions, such as chloride and sulphate anions, often incorporated in the rust
structure. When certain weapons or military equipment get out of use and be-
come important artifacts of cultural heritage, they are properly processed and
conserved and become available, in the museums, to the future generations.

The types of corrosion

General (uniform) corrosion is characterized by a uniform decrease of
the thickness of metal, without significant localized attacks. During this type
of corrosion, the replacement of anodic and cathodic sites occur, resulting in
approximately equal dissolution of metal on the whole metal surface. The
corrosion rate is usually expressed by the penetration of corrosion into the
depth of metal, in definite time and expressed in the um year™. This form of
corrosion is much less dangerous related to the localized forms of corrosion.
On the metal surface, more or less insoluble layer of corrosion products can
be formed, slowing down the progress of further corrosion [3].
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Galvanic (contact or bimetallic) corrosion occurs during the contact of two
or more different metals or alloys in the presence of electrolyte. The basic
conditions for the appearance of this type of corrosion are an electrical contact
between dissimilar metals, the presence of electrolyte and the potential diffe-
rence between metals in contact. A layer of atmospheric moisture or hygro-
scopic salts and impurities on the metal surface can play the role of the elec-
trolyte. A great impact for the occurrence of galvanic corrosion has the con-
ductivity of the electrolyte, where corrosion is more intense when the conducti-
vity of the electrolyte is higher. Corrosion is limited to the narrow surface of
metal in contact at low electrolyte conductivity. At higher conductivity of the
electrolyte, corrosion can occur at larger distances between different metals.
For contact corrosion, the potential difference between metals is essential. If
the potential difference is greater, contact corrosion is more intense. Based on
the galvanic series of metals (ASTM G 82) we can predict the behaviour of
different metals in contact, in corrosion environments in particular. As it is
known, galvanic series are series of metals arranged in order of increasing va-
lues of their electrode potentials in certain corrosion environments. During the
contact corrosion, the anode to cathode surfaces ratio is important. If the lo-
wer metal surface with anodic behaviour is in relation to the metal surface with
cathodic behaviour, the more intense is the corrosion of anode metal [3,4].

Pitting corrosion is a highly localized corrosion attack which forms
corrosion holes (pits). It was found that pits are formed in the areas of de-
struction of the protective film on the metal surface. If the film is damaged
mechanically or chemically, it should be restored or a pitting corrosion
process will occur. In the presence of halide ions, especially CI" ions, pits
formation usually occurs. While the temperature increases, the tendency
of metals and alloys to form pits also increases. The formation of stable
pits on the steel surface will not occur if the temperature is lower than so-
me critical value, which is called the critical pitting temperature [3].

Crevice corrosion more often occurs in the places of contact between
structural elements, if they form a crevice magnitude of 0.1 mm. The pheno-
menon of crevice corrosion is based on differential aeration. In areas with hig-
her concentrations of oxygen, the cathodic reaction takes place, while in pla-
ces with lower concentrations the anodic reaction occurs. Therefore, due to a
difficult access of oxygen, steel within the crevice is rapidly dissolved. Also,
due to the hydrolysis of metal ions in crevices, acidic environment forms redu-
cing the pH value, which further accelerates the metal dissolution process.
This type of corrosion follows similar laws as pitting corrosion. If there is a gre-
ater conductivity of electrolyte and a bigger cathodic metal surface outside the
crevice, the rate of metal dissolution in the crevice is higher [3,5].

Intercrystalline corrosion is a form of local corrosion, manifested by
the dissolution of the grain boundary area. An improper heat treatment of
some aluminium alloys or austenitic and ferritic stainless steels causes
the precipitation of certain phases at grain boundaries and then fast inter-
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granular corrosion [3]. This type of corrosion causes a large deterioration
in the mechanical properties of metals. Intergranular corrosion is not fo-
und in structural carbon steel, and it will not be further considered.

Selective corrosion (dealloyng) is a form of corrosion which leads to the
selective dissolution of less rare alloy components. For example, the selecti-
ve dissolution of Zn, so-called dezincification, takes place on brass surfaces
and leaves a porous, mechanically weak matrix of Cu. The presence of
chloride ions and the increase in temperature accelerate dezincification. Se-
lective corrosion occurs in other alloys, e.g. graphitization in cast iron, dealu-
minization in Al-bronze, or denikelization in Cu-Ni alloys [3].

Stress corrosion cracking is a process which occurs when the neces-
sary electrochemical, mechanical and metallurgical conditions exist. When
hydrogen ions are present at the crack tip as the product of corrosion reacti-
ons, the crack growth can occur by the process of local hydrogen embrittle-
ment. These processes are often the cause of fractures in exploitation. The
environments that cause stress corrosion cracking are usually water-based
and they can be solutions or adsorbed moisture layers. Stress corrosion
cracking usually takes place by influence of specific ions present in the cor-
rosion environment. For example, stress corrosion cracking of the brass, tra-
ditionally called a season cracking, usually occurs in the presence of NH,"
ions. Chloride ions cause cracking of aluminium alloys and stainless steel,
while hydroxyl ions cause cracking of structural carbon steel. Stress corro-
sion cracking usually starts at surface defects formed during mechanical
processing, welding, etc. It can also start at surface defects created during
the process of corrosion, such as pitting, intercrystalline corrosion, etc. [3].

Microbiological corrosion is a form of corrosion in which micro organisms
play an important role. Micro organisms can initiate or accelerate corrosion
processes. For example, certain micro organisms, present in water or other
corrosion environments, can produce a bio film on the metal surface. Since
the metal surface is not uniformly covered by the bio film, a concentration cell
is formed and corrosion processes initiated. In addition, the metabolic pro-
ducts of micro organisms can cause the acidification of the local environment.
It changes the corrosion behaviour of metals. The changed kinetics of anodic
and cathodic reactions affects the protective properties of the surface film or
causes the formation of corrosive deposits [3].

The environmental factors that cause damage

Most types of structural carbon steels corrode when exposed to the
outdoor environment without protective coatings. A layer of rust formed
on the steel surface is porous, poorly adherent and it often cracks.
Layers of rust provide little protection to the base metal from the effects

172




of oxygen and moisture. Cracking and destruction of rust layers occur as
a consequence of the formation of new corrosion products of steel whose
molar volume is approximately three times higher than the molar volume
of steel. Generally, carbon steels have a higher corrosion rate in the out-
door environment than aluminium, copper, lead or zinc, particularly in in-
dustrial and coastal conditions [6,7]. Some corrosion products formed on
the steel surface exposed in the open air are shown in Table 1.

Corrosion of steel is an electrochemical process: anodic reaction is
oxidation of Fe to Fe®" ions and the cathodic reaction is usually a reduc-
tion of dissolved oxygen. When Fe?" ions are present in a solution, diffe-
rent types of corrosion products can be formed and can precipitate on the
steel surface. A rust layer generally includes the inner layer of black mag-
netite, Fe;04 (and other amorphous steel corrosion products) and the
outer layer of iron oxy-hydroxide: goethite, a-FeOOH, lepidocrocite, y-Fe-
OOH and akaganite, 3-FeOOH. Other corrosion products can be formed,
depending on the ions present in the environment [6,7].

Sulphate ions accelerate the steel corrosion rate. Iron (I1) sulphate com-
pounds are formed when steel corrodes in the presence of sulphate ions.
During the evaporation of water, iron (ll) sulphate crystallize (rozenite, Fe-
SO, 4H,0, siderotile, FeSO, 5H,0, melanterite, FeSO, 7H,0). In the pre-
sence of moist air, iron (Il) sulphate oxidizes and hydrolyzes by reaction [8]:

FeSO, + 1/40, + 3/2H,0 — FeOOH + 2H" + SO,* (1)

It can be seen from reaction (1) that the precipitation of iron oxy-
hydroxides (lepidocrocite, goethite) occurs, and sulphate ion appears in
the form of sulphuric acid. Sulphuric acid gives to sulphate ions a capa-
bility of re-action on the remaining metal surface, forming a corrosion
cycle. A certain amount of sulphate ions is removed from the solution
(corrosion cycle) because they are incorporated into the layer of rust as
a relatively insoluble iron (lll) hydroxide sulphate, as butlerite, jarosite
or natrojarosite.

Table 1. Some corrosion products identified on a steel surface exposed to the outdoor
environment [6].

Tabela 1. Neki korozioni produkti identifikovani na povrSini €elika izloZenih otvorenom

prostoru [6].

Chemical name Mineral name Chemical formula Color
Iron oxide Magnetite Fes0q4 Black
Iron oxy-hydroxide Goethite a-FeOOH Yellow-brown
Iron oxy-hydroxide Akaganeite -FeOOH Red-brown
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Iron oxy-hydroxide Lepidocrocite y-FeOOH Orange
Iron sulphate .
tetrahydrate Rozenite FeSO4 4H,0 Green
Iron sulphate Siderotil FeSO4 5H,0 White
pentahydrate
Iron sulphate .
heptahydrate Melanterite FeSO,4 7H0 Blue-green
Iron hydroxide Butlerite Fe(OH)SO4 2H,0 Orange
sulphate dihydrate 4 €2 g
Iron potassium .
hydroxide 5u|phate Jarosite Fe3K(OH)6(SO4)2 Yellow-brown
Iron sodium . .
hydroxide sulphate Natrojarosite FesNa(OH)s(SO4)2 Yellow-brown

Chloride ions are easily transported through the layer of rust where they
can attack steel, form soluble salts and the complexes of iron chloride, and
cause a rapid corrosion of steel. During the corrosion of steel in the solutions
containing low concentrations of chloride ions, goethite and lepidocrocite
start to precipitate; however, at higher concentrations of chloride ions, the ot-
her iron oxy-hydroxide, known as akaganite, is formed. Akaganeite is usu-
ally written as B-FeOOH; however, since chloride ions incorporate and stabi-
lize its structure, the chemical formula that includes chloride ions is
FeOys33(OH)1.167Clo.167- Chloride ions increase the corrosion rate of steel, be-
cause they participate in the following corrosion cycle [9]:

2Fe + 4H" + 4CI + O, —»2Fe?" + 4CI + 2 H,0 )
2Fe® + 4CI + 3 H,0 + % O, — 2FeOOH + 4H' + 4CI ©)

The most important stage in this cycle is that chloride ions form a
soluble salt with iron (l1) ions, which allows that the cycle flows. If the iron (II)
chloride is insoluble, then it will be precipitated and the cycle will be broken.

Crevice corrosion can occur on any metal sculpture in the outdoor
environment, but it usually occurs under crevices, for example on com-
plex weapons and military equipment [10-13]. Gaps exist on the metal-
metal joints or joints metal-other material, such as seals, biological or ex-
ternal sludge deposits. The rate of diffusion of oxygen into gaps is limi-
ted, so an oxygen concentration cell is formed within the crevice area
[5,6]. This area becomes anodic and corrodes (Fig. 1). The acidity and
concentration of dissolved metal ions in the gap increase, causing a sig-
nificant increase of the corrosion rate of steel. The progress of crevice
corrosion is frequently observed visually by leaking outside the crevice
edge of the dissolved corrosion products of steel.
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The desalination of weapons
and military equipment

In the conservation of the museum artifacts of weapons and military equ-
ipment, the diagnostic of the exhibits with different non-destructive methods is
a very important step. Visual observations of archaeological artifacts covered
with a thick layer of corrosion products are not possible for the estimation of
how much is left of non-corroded metal and whether there are cracks or other
defects in the base metal (Fig. 2a). Most authors consider that the radiographic
method is the most reliable to evaluate the amount of non corroded steel, and
the types and forms of damage (Fig. 2b). Multiple radiographic examinations
give reliable results [14]. Fig. 3 shows the artifacts from the weapons collection
in the Military Museum in Kalemegdan, during the radiographic examination.

T RS

Figure 1. Russian tank T34 from World War Il (Military Museum in Belgrade)
Slika 1. Ruski tenk T34 iz drugog svetskog rata (Vojni muzej u Beogradu)

Figure 2. a) Fibula from the Roman times BC (before conservation), covered with a layer
of corrosion products (Museum in Novi Sad), b) Radiographic image of an MS 4 revolver
(Museum in Smederevo)

Slika 2. a) Kopca iz rimskog perioda pre nove ere (pre konzervacije), prekrivena slojem
korozionih produkata (Muzej u Novom Sadu), b) radiografski snimak revolvera MS 4
(Muzej u Smederevu)
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Another important step before the conservation is desalination of arti-
facts. The desalination treatments of corroded, historically important artifacts
of weapons and military equipment are designed to remove as many chlori-
de ions as possible from the layer of corrosion products (Figure 2a). Alkaline
solutions, which allow the desorption of chloride ions and also lead to the
passivation of the iron and steel surface, are usually applied [7,15].

North and Pearson [16] have developed a model that describes the pro-
cess of diffusion of chloride ions from the layer of corrosion products, where,
as they assumed, CI ions are equally distributed within the layer of corrosion
products. Their model, considered as a uniform model, gives an overall pictu-
re of the diffusion of chloride ions from the surface of artifacts of any shape.
The model predicts that the chloride ions diffuse into the desalination solution
immediately after their immersion, because they are uniformly distributed in a
layer of corrosion products. Another model of the diffusion of CI" ions, develo-
ped by Selwyn et al. [17], is based on the fact that the chloride ions in the ini-
tial period are concentrated on the border between the steel surface and a
layer of corrosion products. The model (abrupt model) predicts a time delay
before the appearance of chloride ions in the desalination solution. The time
delay corresponds to the period required for the diffusion of chloride ions from
their initial position at the border with the steel surface, through the layer of
corrosion products and finally into the desalination solution.

Figure 3. Radiographic recording a) barrel of the French ship cannon, AN 1808 RUELLE,
b) barrel of the French cannon 75/27 model 1911 Deport
(Military Museum in Kalemegdan in Belgrade)

Slika 3. Prikaz radiografskog snimanja: a) cev francuskog brodskog topa AN 1808
RUELLE, b) cev francuskog topa75/27 model 1911 Deport (Vojni muzej u Beogradu)

Two key factors that affect the ability of chloride ion diffusion out of cor-
rosion products are: whether the steel still corrodes in the desalination solu-
tion and whether the layer of corrosion products is porous enough to allow
the diffusion of CI ions into the solution [15]. If steel corrodes during the pro-
cess of desalination, chloride ions will be attracted to new ions generated by
Fe®* corrosion and will prevent their diffusion into the surrounding solution.
In the alkaline solution on the steel surface, a protective film of iron (Il)
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hydroxide is formed and gradually transformed into low soluble iron (llI)
hydroxide. Conservators usually used agueous solutions of NaOH (0.1 to
0.5 mol dm?, pH 13-14) for the treatment of steel artifacts, and neutral ED-
TA solutions for treating non-ferrous metals and complex artefacts made of
iron (steel) and other non-ferrous metals [15,18]. The treatments in NaOH
solutions are very effective because of their high pH values that help in stop-
ping the corrosion process by the passivation of steel surface, reducing the
gradient of the electrical potential on its surface [15].

In order to reduce the steel corrosion rate, treatments that remove
oxygen from the desalination solution are sometimes applied. Inert gas (e.g.
nitrogen) passing through the solution is also applied [6,15]. Oxygen sca-
vengers are used as well, such as sodium sulphite (Na,SOs). In addition to
neutral sodium sulphite, the application of an alkaline solution known as al-
kaline sulphite (0.5 mol dm® NaOH + 0.5 mol dm™ Na,SO3, pH 13.5) has re-
cently been found [15]. One of the procedures that slows down the steel cor-
rosion rate and facilitated the diffusion of chloride ions is the application of
different types of electrochemical treatments [15]. In this case, the artifact
must have a significant non-corroded metal core. Fig. 4 shows the composi-
tion of the crystalline phases present in the corrosion products taken from
Cannon 75/27, prior to its conservation. The radiographic diagnostics and
the testing of composition corrosion products are performed on this artifact
[19]. It can be seen that, in addition to common corrosion products, the cor-
roded steel surface shows the presence of akaganite, 3-FeOOH, which con-
tains incorporated chloride ions in their crystal structure.

The concentration of extracted chloride ions is usually continuously mea-
sured during desalination processes (eg. from NaOH solutions). The potentio-
metric titration, the ion-selective electrode or the ion chromatography methods
are applied in order to determine the moment when chloride ions are almost
completely extracted from the layer of corrosion products [15].

The conservation of weapons
and military equipment

Conservators carry out the conservation procedures with the least
possible damage to the weapons and military equipment in order to save
them for the next generations. They take into account historical signifi-
cance of artifacts and tend to maintain, as much as possible, the original
materials by using the techniques that minimally damage metal surfaces.
Conservators choose renewable coatings that can be removed and ap-
plied again in the future. Reparations of damaged parts or replacements
of missing parts are often done. Galvanic corrosion is avoided by
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applying the same material as the one weapons and military equipment
were made of or by applying non-conductive materials to separate diffe-
rent metals (non-conductive polymers, teflon, seals, etc.). When the di-
rect contact between dissimilar metals cannot be avoided, a risk from
galvanic corrosion is reduced by applying the metals that are located in
the galvanic series as close to the original ones as possible [3,6].

J o — FeO(OH)
Fe;0,

v~ FeO(OH)

Fey O3 (OH),Cl, 5
10+ (B —FeO(OH))

B0 4

50 4

o> O

Intenzitet (au,)

28" -
Figure 4. XRD diagram of the corrosion products taken from the French Cannon 75/27
model 1911 Deport.
Slika 4. XRD dijagram korozionih produkata uzetih sa francuskog topa 75/27
model 1911. Deport.

Cleaning and maintenance of the immediate environment of artifacts are
carried out during the regular inspections of artifacts. Accumulated debris, lea-
ves, and possibly the nests of birds and animals should be removed. Trees
and local vegetation are cut down to allow a good air circulation and to deter
birds. Graffiti are removed and damage identified in order to take repairing
measures. Artifacts are washed with mild soap and water to remove accumu-
lated dirt, salt and bird droppings. To repair small defects, wax coatings are
applied. Frequent controls help in faster identification of problems [3,6].

Before removing old organic coatings, their content is tested for
lead. Rigorous precaution conditions must be guaranteed upon the remo-
val of such coatings because of the toxicity of lead. Red lead was used in
the past as a barrier layer with very strong inhibitor properties, and white
one as a pigment in organic coatings, for outdoor use. Organic coatings
that contain lead are forbidden in many countries today [6].

The standard procedure for surface preparation before applying the orga-
nic coating is to remove all kinds of dirt, old coatings, existing rust, either che-
mically (eg., phosphoric acid, chemicals for removing organic coatings) or
mechanically (e.g. abrasive blast). The drawback in the application of chemi-
cals is that they can penetrate into the inner space, where it is difficult to remo-
ve them completely. Chemical removal of organic coatings or rust is usually li-
mited to weapons and military equipment that can be completely disassem-
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bled, cleaned, rinsed and reassembled. When applying the method of abrasive
blast cleaning, the choice should be made among the materials and methods
that least damage metal surface (e.g. soft abrasives and low pressures) and
efficiently remove the surface material without damaging the historical impor-
tance of the base metal. The method of dry abrasive cleaning was used to re-
move organic coatings and rust from the surface of weapons and military equ-
ipment. The wet abrasive method is not commonly used because of some pro-
blems with subsequent rusting wetted areas of metals. However, this method
is particularly suitable for removing pollution containing chlorides and sulphates
on the steel surface. Unless soluble salts are removed prior to the application
of organic coatings, it will cause premature deterioration of coatings [6].

Another approach to the preparation of rusted steel surfaces before
applying the organic coatings is to remove rust and impurities that can be
easily removed, while retaining the compact layer of rust with good adhe-
sion on the metal surface. The steel surface is then treated with a chemi-
cal agent that converts rust, and the organic coating is applied [3,6]. Che-
mical agents for the rust conversion contain a polymer component (which
accepts the cover compatible polymer coating) and tannic acid (which re-
acts with rust and form a blue-black film iron (Ill) tannate).

The application of organic coatings on steel is a common and effective
method of controlling the process of rusting. It is important to apply a compati-
ble system of the organic coatings according to the manufacturer's instructi-
ons. When the steel surface is properly cleaned (with removed chloride ions
as well), the first basic grunt layer of the organic coating is applied and then
the final cover layer of the compatible organic coating. A large number of diffe-
rent basic layers and the final cover organic coatings for the corrosion protec-
tion of weapons and military equipment in the outdoor environment are used
[20]. Alkyd coatings are often used because of their relatively efficient protec-
tion against atmospheric corrosion and are easy to maintain [3,6]. Fig. 5
shows the conserved weapons from the collections of the Military Museum in
Belgrade, shown in Fig. 3 during the radiographic examinations.

Figure 5. a) French ship cannon AN 1808 RUELLE b) French Cannon, model 75/27 1911
Deport (Military Museum in Belgrade)

Slika 5. a) francuski brodski top AN 1808 RUELLE, b) francuski top 75/27 model 1911
Deport (Vojni muzej u Beogradu)
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The application of wax coatings (and other coatings to prevent corro-
sion) is another method used to control rusting of weapons and military equ-
ipment in the outdoor environment. The applications of these coatings do
not require complete removal of the existing rust and old organic coatings. It
is necessary to degrease and remove dirt, as well as old coatings and rust
layer of weak adhesion. Cleaning in the blast soft organic abrasive is confir-
med as effective. Mixtures of waxes, such as these used to protect the sur-
face of outdoor bronzes, are used for protection of steel surfaces containing
a thin layer of rust with good adhesion. The commercial chemical products
used to prevent corrosion (rust) were also used. These products, dried by
solvent evaporation and based on petroleum, leave a protective film on the
steel surface (the film often looks like wax), which provides some protection
against corrosion in the outdoor environment. These products are used to
protect military sculptures, industrial machinery and cast iron cannons [6].

Conclusions

This paper analyzes the corrosion processes on steel, the procedu-
res to remove the corrosion active ions present in the layer of corrosion
products (desalination) as well as the conservation of artifacts of wea-
pons and military equipment.

The conditions affecting the corrosion processes in weapons and mili-
tary equipment made of steel in the outdoor environment were analyzed. A
considerable attention has been given to the description of the most impor-
tant formed corrosion products. A sample of the corrosion products taken
from Cannon 75/27 is given as an illustration of the experimental testing of
the results. The corrosion product (akaganite, B-FeOOH) whose formation
on the surface of the artifact is a sign of active corrosion of steel under a
layer of corrosion products, identified on the cannon, is described.

In addition, the conditions that lead to the formation and regenera-
tion of hydrochloric and sulphuric acid during the periods spent in the out-
door environment were discussed. The most applied procedures of remo-
ving corrosion active anions from the layer of corrosion products (desali-
nation) were described. A desalination process in the NaOH solution of
certain pH values still has the greatest application.

The paper also describes the metal surface cleaning before the ap-
plication of protective coatings and the use of chemical agents that tran-
sform rust into a form of stable compounds. Various types of organic coa-
tings, applied on the well-prepared surface of steels, are commonly used
as protective coatings as well as special types of waxes.
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KOROZIJA | KONZERVACIJA NAORUZANJA | VOINE OPREME

OBLAST: materijali (metali), maSinstvo (tehnologije povrSinske
_ zastite metala)
VRSTA CLANKA: pregledni rad

Sazetak:

U radu su razmotreni uslovi pri kojima dolazi do korozije istorijski
vaznog naoruzanja i vojne opreme izradenog od celika tokom perioda
provedenog na otvorenom prostoru. Znatna paznja posvecena je raz-
matranju karakteristika najvaznijih korozionih produkata koji se pri to-
me obrazuju na povrSini ¢elika, medu kojima i akaganita, 8-FeOOH, ¢i-
je obrazovanje predstavlja znak aktivne korozije c¢elika ispod sloja ko-
rozionih produkata. Analizirani su uslovi koji dovode do obrazovanja i
regeneracije hlorovodoni¢ne, odnosno sumporne kiseline tokom perio-
da provedenog na otvorenom prostoru. Opisane su naj¢eSce primeniji-
vane metode dijagnostikovanja i postupci uklanjanja koroziono aktivnih
anjona iz sloja korozionih produkata (desalinacija). Najvecu primenu
jo§ uvek ima postupak desalinacije u rastvoru NaOH odredene pH
vrednosti. Razmotreni su postupci ciS¢enja povrSine pre nanoSenja
zastitnih prevlaka i primena sredstava koji transformisu rdu u hemijski
stabilna jedinjenja. U svojstvu zastitnih previaka se koriste razlicite vr-
ste organskih prevlaka naneSenih na dobro pripremljenu povrSinu celi-
ka, a nekada se takode koriste specijalne vrste voska. U radu je prika-
zan deo rezultata ispitivanja korozionih produkata uzetih sa eksponata
naoruZanja i vojne opreme Vojnog muzeja u Beogradu.

Klju€ne redi: naoruzanje i vojna oprema, konzervacija, celici, korozija,
korozioni produkti.

Datum prijema ¢lanka: 11. 10. 2011.
Datum dostavljanja ispravki rukopisa: 24. 11. 2011.
Datum konacnog prihvatanja ¢lanka za objavljivanje: 25. 11. 2011.
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