Corrosion Behaviour of Some Steels in Black Sea Water
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Corrosion of shipbuilding elements in seawater depends both by the marine salts action and by the
microbiological components existent into the water. The paper contains a chemical and structural analysis
for the oxides from the biological corrosion and the corrosion due to the chemical compounds from the Black
Sea. The oxides layers analysis, in terms of shape, size thickness, consistency also porosity degree and
chemical compounds, gives an indication for the corrosion severity and the need for protection. This study
was made on two types of welding steels, used for shipbuilding, and the analysis was performed using the
scanning electrons microscope and the EDX detector. The oxidation study is a first step to achieve efficient

passivation or protection.
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The corrosion process represents the spontaneous
chemical modification, for the metals or alloys composition,
as a result of a chemical, electrochemical or biochemical
reactions, in the course of their interaction with the external
environment. Corrosion, by its action, leads to physical
properties changes, converting a part of the metal mass in
chemical compounds, [1-5].

Corrosion can be regarded as a series of anodic and
cathodic reactions. Corrosion occurs if four elements are
present: the anode, the cathode, the aggressive agent and
the metal. When all these four elements are present they
form a corrosion cell [6].

Vaireanu D.I. [7] explains that in most corrosion
processes, with the exception of controlled cathode
processes, the metals are dissolved. An example of
corrosion is taking place in seawater, solution of salts or
alkaline solutions. Almost in all of these systems, corrosion
occurs only if dissolved oxygen is present. Aqueous
solutions rapidly dissolve the oxygen in the air and this is
the source of oxygen necessary to carry out the corrosion
process.

Algae are photosynthetic feeding organisms, with
simple nutritional requirements: light, water, air and certain
inorganic compounds. It can be found in waters with
varying degrees of salinity, from seawater to distilled water
and can survive in different depths. Corrosion reactions
produced by these algae are stimulated by their metabolic
oxygen production (according to photosynthetic principle,
algae produce oxygen when exposed to light), as well by

certain corrosive organic acids produced during
metabolism of some species [8-17].

Experimental part
Materials and methods

For the experiment were used two types of weldable
steel used to build ship hulls. Samples were immersed in
seawater without biological compounds and in seawater
with marine algae, ULVA and FUCUS, [13, 14]. The
maintenance period in corrosive environment was 90 days,
in both cases. After the experiment, the samples were
analyzed with EDX detector in order to determine of the
chemical structure of the oxides surface and photographed
with scanning electrons microscope in order to highlight
the shape of the corrosion products.

For the study were chosen two types of low alloy steel
samples, used in ship building welded or riveted. Their
chemical compositions are presented in table 1. The
studied steels are:

-Normal-strength steel, $235JR (EN 10025-2);

-High-strength steel, S275JO (EN 10025-2).

They were developed at Mittal Steel Galati SA, used in
ship building. The first steel has the symbol A, by the internal
manufacturer specification and is denoted by A, and the
second has the symbol E32 is denoted B.

It has been used as corrosion environment seawater
from the Black Sea, because the metal sheets tested are
used for achieve ship hulls construction or maintenance.
This materials are used in the shipyards of Constanta.

Table 1
THE CHEMICAL COMPOSITIONS OF STEEL, [Weight %]
Alloy |cC Si Mn | P S Al As | Ti Cu | Ni Cr Mo | Fe
A(A) 0.170 | 0.220 | 0.750 | 0.025 | 0.011 | 0.005 | - - 0.020 | 0.020 | 0.050 96.75
B(E32) [0.170 | 0360 | 1.470 | 0.020 | 0.011 | 0.080 | 0.010 | 0.007 | 0.032 | 0.016 | 0.013 | 0,004 | 97.72
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Samples from the two samples were immersed,
separately, in a limited volume of seawater, with green
and brown seawater algae, closed for 90 days into airtight
glass vessels. The corrosion environment is represented
by the Black Sea water, having the ionic composition,
expressed in gL': : CI - 8. 26; HCO, - 0.183; CO,* - 0.022;
SO% - 1.137; Na* - 4.47; K* - 0. 158 Ca’* - 0263 Mg?* -
0.557, with the salinity 15.0 g L.

Seaweed

Algae causes corrosion participating in two ways in the
process of corrosion: direct and indirect. Directly they can
cause corrosion of metal by autotrophic metabolism that
alter the environment; the assimilation of algae chlorophyll
increase the dissolved oxygen content and adjust the pH
and water purity. Indirectly, algae occur through the
formation of gelatinous precipitates or crusting, fixed to
the walls of the reservoirs or water pipes, which develops
bacteria and fungi that cause corrosion. Approximately
70% of seas and oceans biomass contains algae, forming
the phytoplankton, which is the nutrition base of other
marine organisms: crayfish, mollusks, fish, birds and
aquatic mammals. Through photosynthesis, the algae form
the biggest part of the oxygen in the water breathed by
aquatic animals. (90% of the existing oxygen on the planet,
is provided by seaweed).

Two types of algae were used:

a) Ulva - (fig.1 a) solid, tall and green seaweed. Green
algae designate a group of algae whose main
photosynthetic pigment are chlorophyll and xanthophylls
and carotenes pigments. It multiplies by zoospores, lives
in the Black Sea salt water and causes corrosion for ships
and boats.

b) Brown algae (Pheophyceae) (fig.1 b) are superior in
terms of morphology containing microscopic and
macroscopic multicellular forms, which are autotrophic
and saprophytic. The main characteristic is the presence
of fucoxantina pigment and chlorophyll. They have a
relatively large tall, can reach up to 60 m. The cell wall is
formed of sulphate fucans and alginic acid. Can live in the
seas and oceans, especially in the cold ones, down to a
depth of 200 m, fixed on rocks or other seaweed. The used
seaweed in this study was Fucus algae, macroscopic
shape, dichotomy branched, with floating vesicles.

Ulva Fucus

a) b)
Fig.1. Used algae: a) Green marine algae; b) Brown algae

Results and discussions

Samples from the two samples were immersed,
separately, in a limited volume of seawater, with green
and brown seawater algae, closed for 90 days into airtight
glass vessels. After one week interval, oxygenation was
made by bubbling air through. After this penod the samples
were removed from the solution (seawater) and without
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Sample A - 90 days in seawater Sample B - 90 days in seawater

Fig. 2. Optical images of the surface of the samples A and B,
maintained in the Black Sea water: (x250)

being washed it were dried by blotting with filter paper and
then dried in an oven at 45°C.

Optical Microscopy

The corroded surface was analyzed using the optical
microscope. Solid corrosion product, the rust, is a red-
brown crust with white spots, with a thickness of approx.
0.3 mm, easily to peel from the surface. The appearance
of the surface of the two samples immersed for 90 days in
the seawater without algae is illustrated in figure 2, where
are presented optical images of the surface, obtained from
amicroscope XJP-6A (Wuzhou New Found Instrument Co.,
Ltd, China).

It may be noted that after 90 days of immersion, the
sample surface is completely covered with a thick and
heterogeneous products layer, where can be observed rust
pustules, quasi-spherical, along with some saline deposits
(calcium and magnesium carbonate, calcium chloride and
sodium chloride, adsorbed in the rust porous layer).

A more complex analysis for surface structure of the
immersed samples was done by electron microscopy
(VEGA II LSH microscope, made by Tescan Co., Czech
Republic, coupled by an EDX QUANTAX QX2 detector made
by Bruker/Roentec Co., Germany). Also a microanalysis
was made using the EDX detector.

SEM Analysis

The appearance and composition of the surface in
different areas of the sample A, maintained 90 days in
water without algae is presented in figure 3.

Microanalysis data highlights the fact that the main
corrosion products are iron oxides, sometimes
accompanied by calcium and sodium chlorides or
carbonates. May be distinguished three different areas
depending the chemical composition of the products crust.

In area (1) the molar ratio Fe:O is 0.59, which leads us
to consider that it is a mixture of FeOOH (where the ration
Fe:0=0.5) and Fe,0, (where ratio Fe:O = 0.67). Next to
them are found in Small amounts, chlorides and carbonates
- or even carbon from the composition of the sample
(probably adsorbed or precipitated during the drying
process).

Inthe area (2), which represents the base of the products
crust, the molar ration Fe:O = 0.81, which would
correspond to the presence of Fe,0, (w1th the ratio Fe:O =
0.75). In this case, on the surface there are absorbed or
precipitated calcium and sodium compounds.

In the area (3) the molar ration Fe:O = 0.49,
corresponding to the Fe oxy-hydroxide (FeOOH), but also,
in this case the product is contaminated with chlorides
and carbon. The product from this area is crystalline. This
can be seen better at a higher magnification, in the same
area, presented in figure 4. The crystalline structure from
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the corrosion products, FOOH monocyclic crystals, can
be distinguished very well.

Maintaining sample A for 90 days in Black Sea water,
together with seaweed Ulva, (green seaweed), leads to
formation of the corrosion products crust more complex
and different from that obtained in the absence of the algae.
On the sample surface three study areas were chosen: I, Il
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and III. The surface structure and chemical composition
at various points are shown in figures 5, 6 and 7.

In area I, (fig.5), on large surfaces (where is point a
contained) the iron compounds are essentially non-
existent, instead are predominant other oxygenated
products, with calcium, magnesium, sodium, and carbon.
Higher level of oxygenation is due to the presence of green
algae, generating oxygen through photosynthesis.

In other areas of the surface of the sample, for example,
area II, (fig.6), the crust is made up exclusively of iron
oxides like oxy-hydroxide (points 1 and 3), or Fe,O, (points
2 and 4).

Should also note here the presence of chlorine, most
likely due to crystallization during drying of the sodium
chloride water absorbed in the porous oxide layer. In some
points of the area IIl surface (fig.7), the molar ratio Fe:O
appears unexpectedly high, placed around the unit value
(1.01 and 1.21 - in the points 6 and 7) which would
correspond to the FeO oxide, the hematite.

Next to, it is found the FeOOH. The lower the value
found for the molar ratio Fe:O (0.41 instead of 0.5), it is due
to the deterioration caused by the presence of other
oxygenates in particular carbonates.
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For the sample B, maintained 90 days in water without ~ formed exclusively by FeOOH (ratio Fe:0=0,5), and the
algae, the appearance and composition of the surface in  crust is cracked. For a different number of crystals the ratio
different areas are presented in figure .8. Fe:O is equal with 0.7 (point 3) the corresponding oxide is

Asin the case of the A sample, the predominant partof  Fe,0, (ratio Fe:0 = 0.67), Fe,0, (ratio Fe:0 = 0.75, but
the crust (the interior deposit where it is placed point 2) is most likely a mixture of these fwo oxides). The ratio Fe: 0
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for crystals in point 4 is equal to 0.4, this is probably due to
the fact that the crystals are contaminated with NaCl and
other compounds (magnesium, sulfur, etc.).

Sample B was maintained for 90 days in seawater brown
algae. The formed crust structure in this case more
complex.

From this surface we examined two areas, and the
results of these analyzes are presented in figures 9 and 10.
At a magnification of 100x superficial crust on this sample
is very heterogeneous, presenting a series of irregular
fragments and a series of cracks and caverns. In some
parts of the surface, such as the area in which it is placed
point (1), ferrous oxide is predominant (FeO where
n(fe):n(0)=1) together with minor amounts of calcium
carbonate. Otherwise, on the surface, in the areas (2), (3)
and (4) are present the iron oxides. If they were formed on
the surface of the sample they are covered with salts
(carbonates, sulfates and chlorides), precipitated from the
water or adsorbed. In contrast the sample B, immersed in
water without the algae, the quantities of iron-containing
corrosion products are very small.
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The presence of brown seaweed apparently favors the
complex crusts formation on the steel surface, containing
carbonates, sulfates or chlorides and calcium, magnesium,
silicon and iron. This can be seen better in detail presented
in figure 10.

Conclusions

In order to overcome a technical drawback, detailed
studies must be performed. In this context can be justified
the interest to characterize the oxide layer resulted after
marine corrosion.

From the present study we con conclude several
aspects, as following:

- Speaking of the chemical compounds, in the corroded
layer it can be mentioned the presence of the: FeOOH,
Fe,0,, FeO, Fe,0,.

_Oxides and hydrogenated oxides are encountered into
the layer as porous films, loose for corrosion with the
marine algae, as coral deposits in the case of corrosion
with just the seawater.
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- In both cases the corrosion was achieved over the
entire surface (generalized corrosion), without forming
islands with uncorroded material.

- Due to the porosity and loosing of the oxides layer, the
corrosion have continuous destructive effect, with the
water entering through the pores, thus continuing
destruction until the total destruction of the metal.

- At the sample A, corroded in the seawater, can be
observed that the oxygen percent varies between 21.58 -
37.48%. In the presence of green algae can see an increase
in the mass percentage for the physically and chemically
absorbed oxygen by forming chemical combination of the
oxides which generates rust, his value varies between 64.5
- 72.18%. Higher level of oxygenation is due to the presence
of green algae, generating oxygen through photosynthesis.

- In the sample B case, corroded without algae, the mass
percent in the oxides crust, adherent to the part surface is
between 24.44 - 36.06%. The maintenance for 90 days in
seawater with brown algae, increases the oxygen percent,
in the crust, to a value between 68.06 - 71.79%.

- For the corrosion, the brown algae favor the formation
of carbonates, sulphates and chlorides of calcium,
magnesium, silicon and iron, being more aggressive than
green algae.
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