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EARLY AGE CORROSION OF MILD STEEL IN AGGRESSIVE MEDIA
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Effect of exposure time, section type and solution concentration on mild steel early age
corrosion was studied. Steel specimens section types were box, tube and corner. They
were subjected to 3.5%; 5.0% and 7.0% NaCl solutions. It was established that solution
concentration effects the corrosion until reaching the saturation value.

Keywords: corrosion, mild steel, section type, NaCl.

Experimental analyzes for various purposes have become significant in studies
for the last couple of decades. Engineering problems of combining cities by long span
bridges or constructing the highest skyscrapers in the world have two different sides.
The problems seem to be such a naked structural analysis, which can be solved with
engineering analysis programs by using computers of great capacities.

In fact, these problems are not as the same as they seem to be. They have another
side which may have more ruinous effects during service life of a structure in the case
of being ignored. This side includes durability problems of structures. These problems
may effect the structural stability and reliability day by day. Corrosion is one of dura-
bility problems concerned with the aggressive media having inverse effects on struc-
tures. Corrosion can be defined as deterioration of a material with chemical reactions
resulting between the material and the aggressive media. The chemical reactions may
occur on the surface of materials leading to the weight and section loss.

Corrosion is one of the most misunderstood and mischaracterized forms of mate-
rial degradation. Consequently, corrosion analysis and mitigation methods tend to be
some of the most misapplied. In many cases corrosion is the life-limiting factor of a
structural component [1].

Corrosion problems can be met at any time during service life. Engineers must be
ready for these undesirable conditions providing a good material selection and proper
precaution methods. Thus, some production problems may occur during construction
of structures comprising steel sections. Similar corrosion effects are studied in [2-9].

Nowadays, engineers face with associated pitfalls of corrosion. To decrease the
destructive effects of corrosion reactions, some laboratory test methods must be per-
formed to examine the service life performance of steel structural elements considering
that apart from structures which extend some way into the splash zone, the results ob-
tained from small-scale specimens are generally considered to be directly applicable to
full-scale structures [5].The laboratory tests must simulate the almost real field condi-
tions in order to determine exact results.
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Current laboratory tests and new required tests designed in the future bring capa-
cities and knowledge desired in order to overcome corrosion and its destructive effects.
Proper material selection and effective precaution methods as a result of good
simulated tests are always necessary for structural stability and reliability.

Most of the laboratory experiments are about the marine environments that are
recognized to be very corrosive for mild and low alloy steels. For economic reasons, such
steels are still the preferred materials for offshore structures, ship hulls, sheet piling and
harbor-side facilities [5]. Seawater, because of its variability is not easily simulated in
the laboratory for corrosion-testing purposes. A 3.5% NaCl solution is used frequently
for this purpose and is known to be more aggressive toward carbon steel than natural
seawater [10]. This indicates the importance, particularly for engineering design
considerations, of understanding the factors that control immersion corrosion of steel
as a function of water salinity. It was found that steel corroded nearly four times faster
in a 3.5% NaCl solution than in natural seawater for an exposure time of 21 days [11].
Corrosion resistance of mild steel samples varying with section types was determined.
Aggressive media having destructive corrosion effects were formed by three different
NaCl solutions (3.5%; 5.0% and 7.0%) and only distilled water. Corrosion rates and
weight loss were determined at early ages such as 10; 30; 60 and 90 days.

Experimental. The problem gets serious when corrosion effect on steel structures
is seen by naked eye. To realize and determine the corrosion behavior of mild steel ele-
ments under aggressive media, three different section types according to section geo-
metry were selected. Mild steel sample properties are given in Table 1. Density value
for each section type is 7.85 g/cm’.

Table 1. Mild steel sample characteristics

Section type Dimensions, mm | Initial weight, g Surface area, mm?®

50 x 110 x 40 =22000
Box (B) 50x20x110 455.3 46 x 110 x 40 = 20240
¥4 =42240

mx 60 x 110 =20735
Tube (C) 260x30x110 427.5 mx 54 x110= 18661
¥4 =39396

50 x 110 x 20 =11000
Corner (L) 50x50x40-110 399.5 46 x 110 x 20=10120
¥4 =21120

Cycle activities were applied to observe the corrosion effect in the experimental
part. Corrosion cycles include three different parts. First of all, mild steel samples were
submerged into the NaCl solutions and distilled water in order to simulate an aggres-
sive corrosion media during 12 h. In the second part, samples were put into drying
oven at 60°C for about thirty minutes. In the last part, cooling was performed in the la-
boratory conditions approximately between 20 and 22°C. After that the weight losses
in steel samples were measured to determine the corrosion rate. These corrosion cycles
detailed below were repeated for 90 days.

The steel samples were subjected to corrosive media containing NaCl solutions
with concentrations 0%; 3.5%; 5.0% and 7.0% respectively. The solution properties are
given in Table 2.
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Table 2. Solution properties

Solution Initial solution NaCl concentration, % pH value
Distilled water D 0 7.1
3.5% NaCl N3.5 3.5 6.8
5.0% NaCl N5.0 5.0 6.5
7.0% NaCl N7.0 7.0 6.3

All experiment sets were named with some initials. As an example, a set compri-
sing tube steel samples and 5.0% NaCl solution was named as “CN5”. The symbols
“C” and “N5” indicate section type (tube) and 5.0% NaCl solution. There were 12 ex-
periment sets including 9 samples as seen in Table 3.

Table 3. Experiment set definitions

Experiment set definition Experiment set initial
Box sections in distilled water BD
Tube sections in distilled water CDh
Corner sections in distilled water LD
Box sections in 3.5% NaCl solution BN3.5
Box sections in 5.0% NaCl solution BNS5
Box sections in 7.0% NaCl solution BN7
Tube sections in 3.5% NaCl solution CN3.5
Tube sections in 5.0% NaCl solution CN5S
Tube sections in 7.0% NaCl solution CN7
Corner sections in 3.5% NaCl solution LN3.5
Corner sections in 5.0% NaCl solution LNS
Corner sections in 7.0% NaCl solution LN7

Results and discussion. Corrosion effect is inevitable for steel structures and it
can be minimized by taking early measurements. Thus, service life of a structure gets
longer and less maintenance costs are needed.

Indeed, improper design and production of steel structures brings some durability
and stability problems in service life. Corrosion negatively affects such structures.
These structures lose their thickness, body symmetry and weight in the process of time.
In addition corroded parts are responsible for density loss in the sections of steel struc-
tures.

Corrosion tests were done on steel samples to investigate the corrosion rate chan-
ging dependence on time and section type for different solution concentrations (Fig. 1).
Weight losses increase in time according to corrosion process. Additionally the effect
of section types on corrosion resistance was observed and maximum weight loss was
see in box sections.

The minimum weight loss values were seen for samples submerged in distilled
water, the maximum ones were obtained for samples in 7.0% NaCl solutions. Similarly
to Fig. 1 the section type effects on time varying corrosion ratios were investigated for
mentioned solutions and the results are given in Fig. 2.
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Fig. 1. Weight losses by time for different section types in: @ — distilled water;
b —3.5% NaCl; ¢ — 5.0% NaCl; d — 7.0% NaCl. B — corner; O — tube; X —box.
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Fig. 2. Corrosion rates by time for different section types in: a — distilled water;
b —3.5% NaCl; ¢ — 5.0% NaCl; d — 7.0% NaCl. B — corner; O — tube; X —box.
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Although all NaCl solutions effect the corrosion in comparison with the distilled
water, the solution concentration cannot present a distinctive effect on corrosion at the
saturation limit. The effect of 7.0% NaCl solution is almost the same as the effect of
5.0% NaCl solution (Fig. 3).

The box sections were most affected by corrosion accordingly to both mass losses
and corrosion rates. The solution effects on time varying corrosion rates were investi-
gated for box sections as seen in Fig. 3. The solution effects on corrosion rate can be
seen not only for box sections but also for all section types.
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Fig. 3. Corrosion rates by time for box sections:
M - distilled water; solid line — 3.5% NaCl; X —5.0% NaCl; @ —7.0% NaCl.

CONCLUSION

Although it is easy to recognize corrosion of every steel construction detail, it is
important to forecast its corrosion resistance before construction work. There are seve-
ral methods to simulate the early age corrosion of steel details. Corrosion resistance of
mild steel specimens with different sections types was investigated. Specimens were
subjected to NaCl solutions of different concentration. Corrosion in distilled water was
also taken into consideration. It was established that steel corrosion rate increases by
solution concentration whereas decreases within the exposure time. The maximum cor-
rosion rate values were obtained for box section samples. This study might be enhanced
further by using different sections and solution concentration in different conditions.

PE3IOME. BuBueHO BIUIMB TPUBAJIOCTI €KCIO3MUIII, THUIY CTaleBOro Mpodiaro Ta KOH-
LEeHTpalil po34HHy Ha PaHHIO CTafil0 KOpo3ii Byrieresoi craii. Bukopucrano craiesi 3pa3ku y
BUIIIAAL Kyba, TpyOku Ta KyTHHKa. JlocmimxyBanu B 3,5-, 5,0- ta 7,0%-ux pozuunax NaCl
BcTaHOBIEHO, IO MicHs DOCATHEHHS I'PAHMYHOI KOHIEHTpAlii pO3YHHY XJIOPHAY HATPIIO I10-
JIaJTbIIe 301IbIIEHHS BMICTY COJIi HE BIUTMBAE HA KOPO3il0 CTaJIi.

PE3IOME. VI3y4eHo BIMSHKUE MPOJODKUTEIBHOCTH YKCIIO3UIINH, THITA CTAILHOTO MPOQH-
71 ¥ KOHIIEHTPAIWH PacTBOpPa HA PAHHIOI CTAJHI0 KOPPO3UH YrIepoIuCToH cTanu. Mcmomb3o-
BaHbl CTallbHble OOpaslbl B BUJE KyOa, TpyOku M yroiabHuka. MccinegoBamu B 3,5-, 5,0- u
7,0%-b1x pacTBopax NaCl. YcTaHOBIEHO, YTO HOCIE JOCTHXKEHMS NPENeIbHON KOHUEHTpalUU
pacTBOpa XJI0pUAa HaTpus, NOCICAYIOLIEe YBEIUIEHHE COAEPKaHUs COJIU HE BIMAET Ha KOPPO-
3MIO0 CTalIH.
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