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I n this study, SAE 1020 steel CharpyEs sampl e
large variety of environmental conditions throughout Chile in order to ascertain the degree of
deterioration de to environmental corrosion. The levels of, &G, and time of wetness were also
registered in order to be able to correlate the data with respect to corrosion rate with the environmenta
and meteorological parameters. Calculations of corrosion rates mvade via loss of weight and
analysis of surface deterioration using scanning electron microscopy. After different exposure periods
up to 33 months, the samples were tested and analyzed. According to the results, the toughness of tf
steel without galvamation can vary from 70 to 10 J; this variation reveals a dramatic change of
property that is as much a function of the different atmospheres as of the exposure time. In comparisor
to the norgalvanized steel, the galvanized has a lower initial toughbesst, remains more constant

over time, maintaining a range of 20 to 7 J.
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1. INTRODUCTION

Atmospheric corrosion is a worrying issue across the world due to its importance in the useful
life of structural materials. The economy of countries would change drastically if there were no
corrosion. Atmospheric corrosion, compared to other types of corrosion, leads to the highest amount of
loss and is most significant in areas where the levalggfessiveness of the environment is high [1].
Conventional atmospheric parameters that can lead to metal corrosion are factors such as temperatur
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humidity, precipitation, solar radiation, wind speed, etc. Another important factor is air pollutants such
as sulfur or carbon dioxide, chlorides, hydrogen sulfide, nitrogen oxides, etc. [2].

Atmospheric corrosion of steel has been studied by many authors, focusing on aspects such a:
reactions, layers and corrosion products9]3 However, evaluation of damagemhused by the
phenomenon on the properties of the material has not seen widespread study, particularly when the
forces applied are not tensile.

When evaluating the mechanical properties of different steels exposed to atmospheric
corrosion, there is documttion on how tensile strength drops as a function of different atmospheres
and exposure times [10, 11], where the fall in mechanical strength (YS and UTS) is attributed to
heterogeneously distributed corrosion products on the material surface, leadinfat® roughness
and increasing the possibility of force concentration and/or localized corrosion [12]. M. Okayasu et al.
[13] show that fatigue strength is directly affected by surface morphology; the rougher the surface, the
lower the fatigue strengthilhis was similarly shown by Suresh [14], stating that the formation of
pitting on initially smooth surfaces produces a significant reduction in fatigue strength. Ragah et al.
[15] used lzod impact testing to find that when subjecting 3 types of steéffeécent corrosion
environments, impact resistance falls as a function of the aggressiveness of the corrosive environmen
and of the characteristics of the steel.

In terms of fracture toughness, steel is a family of alloys that present very varied hehagior
reason for these differences is that the toughness of the steel is affected not only by its composition
but also by changes in microstructure [16, 17] and the temperature at which the test is carried out [18].

The toughness values of carbon steals wary from 10 to 200 J, depending on carbon content
[19] and testing temperature. However, at the same time, for materials that have been formed
previously with a microstructure that is anisotropic, a phenomenon known as toughness anisotropy is
seen, whee the value can vary up to 20 J, depending on the direction in which the test is conducted
[20].

In general, when a high level of toughness is required for an application -@llltpwcarbon
steel, it is recommended that the carbon content, the grairastzéhe nommetallic inclusions are
minimized. Although toughness values for steel and other metallic materials are relatively easy to
determine though mechanical testing, there is little documentation on the possible effect of corrosion
on these materiglor on how protection systems against corrosion can also affect this property.

The Charpy impact test has been used to evaluate the toughness of metallic materials for a
hundred years; it is a standardized test and is used widely in industry due napltsityi, speed and
low cost. In this study it is used to compile values on different samples of SAE 1020 steel with and
without galvanization, exposed at stations with different climatic conditions distributed throughout
Chile, over a maximum exposure joer of 33 months.

2. EXPERIMENTAL PART

The studied material is 8AE 1020 steel with and withowalvanization the demical
compositions were analyzéy X-ray Spectrometrgnd listed in Tablé.
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Table 1L Chemical composition of tested steels

C Mn P S Si Cr Ni Mo | Cu V Ti W Zn | Al

Steel | 0.098| 0.28| 0.012| 0.015| 0.15| 0.03 | 0.04| 0.07| 0.03| <0.01 | <0.01| <0.01| - -
- - 98.5| 0.5

Galv.| - - - - A -

*Fe balance

Standard Charpy specimens measuring 55 mm x 2 mm x 2 mm composed of SAE 1020 steel
with andwithout galvanizatiorwere installed at 21 study stations throughout Chile (see Figure 1) from
March 2010 for a period of 33 montHa. order to simultaneously monitor the effect of atmospheric
corrosion on toughness, 100 mm x 100 mm x 4 mm specimensalgeréstalled at an angle 4f5 A
and separated by plastic barriers in accordance with ISO Standards 9223 to 9226 [21
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Figure 1. Location of the corrosion testing stations in Chile.

Devices were installed at each station to take bimonthly readinggnospheric chloride and
sulfur dioxide content, along with weather stations to obtain data on temperature, atmospheric
humidity, rainfall and wind speed and direction, at the sites where this information was not available.
The data on temperature aralative humidity was used to determine time of wetness (TOW) on a

monthly basis.
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The corrosion productsvere studied by Xay diffraction (XRD) in aSIEMENS D5000
diffractometer using G& U r a dTihexcoriosive deterioration of the materials was evaluated every
3 months by measuring the mass loss in triplicA&TM G50 [25) and the morphology of the metal
attack was evaluated using scanning electron micros¢SpM) with a JEOL 5410 microscope
coupled to a EDAX 9100 analyzer for element characterization.

The toughness tests were carried out with 8S3B0 Instrumented Charpy Impact Testing
Machine, with a capacity of 300 J and digital data readout.

3.RESULTS AND DISCUSSION

3.1. Corrosion of SAE 1020 Steel with and without Galvanization

Figure 2 shows the corrosion rates of the carbon steel measured at each station up to 15 month
of exposure (Figure 2a) and up to 30 months exposure (Figure 2b). In gdneaalpe seen that the
corrosion rate decreases with increased exposure time at each station.

The stations with highest rates of corrosion are located in Quintero, Coronel, Antarctica, Arica,
Easter Island and Huasco. At the remaining stations, the amrosie is less than or equal to 50
Om/ year at 12 months and 12 Om/year at around
stations the corrosion rate value at 3 months is higher due to the kinetics of the process, which is
associated with #hcapacity to form corrosion products and their protective nature [26].

X-ray diffractionwas used to identify the corrosion products at 12 months exposure, showing
that the steel corrodes to form iron oxide at all the stations. However, at the Laja, sidtich
presents a low corrosion rate, there is presence off&ifd the soil, while at Quintero there is FeS, as
the station has high SQ@ontent. At the Arica and Easter Island stations, the presence of oxide
hydroxide mixtures is seen on the steethese stations atecated close to the coastline (see Figure
3).
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Figure 2. Corrosion rate of SAE 1020 carbon steel after a) 3, 6, 9, 12 and 15 and b) 18, 21, 24, 27 and
30 months exposure.
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Figure 3. XRD pattern of the corrosion praocks on the steel a2 months.(x=Si0,, 0=Si, y=FgOs,
z= FeOs, w=FeS, v= FeOOH
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Figure 4 shows the corrosion rates for galvanized SAE 1020 steel, measured at each station

2852

throughout Chile. Figurda shows the results up to 15 months exposure anc#gushows up to 30

mont hs exposur e. I
except at the stat
at 9 months, Quintero, with a maxu m
Huasco to a lesser extent.

t
[

can be seen that the corr
ons with higher corrosion 1
of 16 Om/year at 15 mont hs

This therefore proves that the protection given by galvanization is effective in reducing

corrosion rate [27].
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Figure 4. Corrosion rate of galvanized SAE 1020 carlsteel after a) 3, 6, 9, 12 and 15 and b) 18, 21,

24, 27 and 30 months exposure.

Scanning electron microscopy was used to determine the morphology of the corrosion products

at the different stations. Figubeshows the micrographs of the carbon stedr&f? months exposure
at the Huasco station (FiguBa) and Antarctica (Figur&b), which showed similar corrosion rate
behavior. A larger amount of corrosion product can be seen on the Huasco sample, while the layers o
corrosion product on the Antarctispecimen are flat and compact, though fissures are visible, thus

allowing the metatorrosion product interface to remain active in the saline atmosphere. As both
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stations are close to the sea, increasing the deterioration of the material, a similarioggrizhto be
expected in the corrosion products. However, the differences in temperature, humidity, wind and snow
found at the Antarctica station lead to a notable change in the morphology of the corrosion products.

Figure 5. Micrographs ofthe carbon steel after one year of exposure at the a) Huasco and b)
Antarctica stations. 500x

Figure 6 shows the morphology of the corrosion products on galvanized steel at (a) Quintero
and (b) Easter Island, after one year of exposure. It is evidenttlge amount of grainy and
distributed corrosion product forms across the surface of the Quintero specimen, while the corrosion
product on the Easter Island sample is much smaller in size and presents flat areas.

This behavior was to be expected, as Quintero area shows the highest corrosion rate (12
Om/ year) while at the Easter |Island station t
line with the amount of corrosion product formed.

Figure 6. Micrographs of galvanizksteel after one year of exposure at the (a) Quintero and (b) Easter
Island stations. 500x



Int. J. Electrochem. SciMol. 9, 2014 285t

3.2. Fracture Toughness of the SAE 1020 Steel with and without Galvanization

Figure7 shows micrographs of the surface and ciesdgion of the galvanized SAE 1D2teel
speci men. TzZhne (11a0y0e% Zonf) dhas an approxi mate t hi
can be seen ame wd téh pah ashd c(kfhesdms of 80 Om and
Fe, identified by EDAX;0-Zn (~90% Zn), though #hphases such as (FeZry) ,1 (F&Zn) and |
(FesZnyg) could not be clearly distinguished; and the lower part of the -s@EonN is0-Zn (~75% Zn)
followed by the final steel matrix.

The fracture toughness values of the SAE 1020 steel samples withitandt galvanization
without exposure to corrosive media were 32 J and 13 J, respectively. The galvanized steel has
different layers of Zn (see figui® whose toughness is lower compared to the pure iron.

Figure 7. Metallographs of the halip galvanized SAE steel) Surface appearance and b) Cross
section.

From the figures for toughness measured after 3 months exposure shown irBFigoaa be
seen that there is variation in toughness between different specimens from the same station.
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Figure 8. Variation in toughness of samples of a) SAE 1020 steel and b) galvanized SAE 1020 steel
after 3 months exposure.



