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MpeacTasneHbl pes3ybTaThbl UCMbITaHUA Ha KOPPO3UIO PAfa KOHCTPYKLMOHHLIX MaTepunanos, npea-
BapMTENbHO NOABEPraeMbiX BO3LEMCTBUIO MMMY/bCHOTO 3M1EKTPUYECKOT0 TOKa BbICOKOW NAOTHOC-
TW. YCTaHoBMeHO, YTO Takaa 06paboTKa CylecTBEHHO BMSET Ha KOPPO3MIO uMccnesyeMbixX
MaTepuanos. Ana cTtam HSLA 1 antoMuHMeBoro crinasa 5182 npoucxoguT pocT CONpPOTUB/EHUA
KOppo3un, B TO BPeMs KaK /19 a/lOMUHNEBOrO crsiasa 5754 - pe3koe yMeHbLLUEHWe COnpoTUBIEHNA
KOppo3nK.

Knioyesble cnosa: KOPpPo3ns, UMMYIbCHbIA 31eKTPUYECKUI TOK, cTanb, aJllOMUHU-
eBblii cnnas.

Introduction. The problem of corrosion of structural metals remains critical
because it is connected with considerable economic costs. According to various
estimations, 10 to 30% of the annual production of iron is irreversibly lost due to
corrosion every year [1]. Corrosion leads not only to loss of metal, but also to
degradation of mechanical and physical properties and plasticity. This is the reason
for the decrease in the lifetime of components sometimes leading to catastrophic
failure. For example, 90% of failures in oil-field pipes take place due to corrosion
damages; a similar situation occurs in ships [2, 3] and other structures. Taking into
account the repair-and-renewal operations and anticorrosion measures, the losses
from corrosion in highly developed countries reach up to 10% of the national
income [1].

The existing methods of metal and alloy protection from corrosion include
deposition of coatings, electrochemical methods of protection (e.g., cathodic
method) and others. It is therefore understandable that there is considerable interest
to develop new and more effective corrosion protection methods.
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One of the common types of metal and alloy corrosion is electrochemical
corrosion, which leads to damage in conductive environments (electrolytic
solutions). In general, the electrochemical corrosion mechanism involves the
appearance of short-circuited micro-galvanic elements on the metal surface with
different values of e.m.f. as a result of the formation of anodic (with low electrode
potential) and cathodic (with high electrode potential) zones [4]. These zones are
generated due to differences in metal structure, surface roughness, as well as
existence of protective films and other factors. The difference in metal structure
(difference of grain size and composition, crystal anisotropy, emergence of
dislocations on the surface, existence of impurities, inclusions, nonuniform
mechanical stresses) is one of the reasons activating corrosion processes. The role
of mechanical stresses is important because anode zones can appear under the
influence of tensile stresses in the metal. These zones become the source of
development of corrosion centres [5].

It is known that pulsed electric current (PEC) treatment causes relaxation of
mechanical stresses in metals [6-8], as well as homogenization of their structure
[9]. Based upon common considerations, these circumstances can serve as a basis
for the creation of new technology of corrosion protection of metals. The results of
investigations below were fulfilled with the aim to clarify the mentioned
possibilities.

Method of Experimental Research. Metallic sheet specimens of high-strength
low-alloy steel (HSLA of composition 0.02% C, 0.25% Mn, 0.02% S, 0.02% P,
0.30% Ti) of 100 mm length, 13 mm width and 1.1 mm thickness and aluminum
alloy 5182 (4.5% Mg, 0.3% Mn) of 100 mm length, 13mm thickness and 1.4 mm
thickness and 5754 (3.6% Mg, 0.5% Mn, 0.1 % Cu, 0.4 % Fe, 0.4 % Si) of 100 mm
length, 13 mm width and 2 mm thickness were used for the investigation.

Corrosion tests were performed at 35°C (x1.5°C) in a salt-spray chamber
(Fig. 1) using a 5% NaCl solution (in distilled water) according to the ASTM
B117-97 standard. The total time of exposure was 1000 hours. The treatment was
carried out in hourly cycles. This involved subjecting the specimens to a fog spray
(salt spray) for 10 minutes at a flow rate of 0.7 I/h followed by 50 minutes of hot
air drying. The sequence was repeated every hour.

The specimens were initially cleaned under hot water by hand. They were
further cleaned in an ultrasonic chamber with water of 48°C, for 12 minutes; this
process occurred twice because the replacement of the water was necessary. They
were then washed with propanol and dried for 30 min at 70°C. The specimens were
then weighed and placed in the corrosion salt-spray chamber. After the corrosion
test the specimens were cleaned in hot water to remove deposits of salt. They were
then washed with propanol and dried at 70°C in an oven. They were subsequently
weighed.

PEC treatment of the specimens was performed using a pulsed current
generator [10]. Three electric current pulses were passed through each specimen
with current amplitude as indicated in Table 1. The amplitude of the electric
current was chosen with the aim to compare the specimens with the same current
density taking into account their different thickness (approximately 1.3, 2.0, and
3.0 kA/mm2, respectively, for each specimen group).

ISSN 0556-171X. Mpo6nembl npoyHocTw, 2009, No 4 63



A. |. Babutskii, A. Chrysanthou, and J. loannou

Table 1
Regimes of PEC Treatment
No. Steel HSLA Aluminum alloy 5182 Aluminum alloy 5754
Current amplitude, kA
I 19 24 A
2 19 24 34
3 29 3H 53
4 29 3H 53
5 4 52 75
6 4 52 75

Note. Specimens Nos. 1, 3, and 5 were treated using three pulses with 1 min interval, specimens
Nos. 2, 4, and 6 were treated using three pulses with 3 min interval.

Fig. 1. Equipment for corrosion tests.

Test Results and Their Analysis. Test results are presented in Table 2 and
Figs. 2 and 3. In comparative analysis of test results, one should take account of
the different corrosion behavior of steel and aluminum alloys; in the case of steel,
the corrosion products (Fe203 oxides) flake off the base material, which causes the
reduction of specimen weight after the corrosion tests, while in the case of
aluminum alloys the increase of specimen weight is observed after corrosion tests
because Al1203 oxides have high adhesion to the base material.

The estimation of the PEC treatment effect on corrosion of specimens was
performed in two steps. The percentage change of the weight of each specimen dm
after tests was estimated in the first stage:
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Table 2
Results of Corrosion Tests
No. Steel HSLA Aluminum alloy 5182  Aluminum alloy 5754
After PEC treatment
am,% K, % am,% K, % am,% K, %
1 -0.5224 26 0.1217 15 0.2695 -491
2 -0.5310 25 0.1571 -9 0.3112 -582
3 -0.2706 62 0.1188 17 0.4200 -821
4 -0.6010 15 0.0614 57 0.4655 -921
5 -0.6890 2 0.1640 -14 0.2976 -553
6 -1.2729 -81 0.1426 1 0.3120 -585
Without PEC treatment
Mean am,% o0 am, %
for 6 specimens -0.7050 0145 0.0456

Fig. 2. Variation of factor of PEC treatment effect on specimen corrosion (k) for different materials
[(8) HSLA steel, (b) 5182 aluminum alloy, (c) 5754 aluminum alloy], PEC densities, and intervals
between electric current pulses [(/), (3), (5) 1 min interval; (2), (4), (6) 3 min interval].

where mO0 and mc are the weights of the initial specimen and the same specimen
after the corrosion tests, respectively. In the second stage, the factor of PEC
treatment effect on the specimen corrosion, k, was determined as follows:
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k = m.00%,

is the percentage change of the weight of untreated specimens

(mean for 6 specimens bottom row in Table 2) and d » is the percentage change
of the weight of each specimen treated by PEC (Table 2).

Fig. 3. Surface appearances of HSLA steel specimens after corrosion tests: (a), (b: top photo) metal in
initial condition; (b: bottom photo), (c) after PEC treatment.

The corrosion tests results suggest that the PEC treatment using the above
regimes substantially affects the behavior of the investigated metals. The treatment
causes considerable deceleration of the corrosion processes for both HSLA steel
and 5182 aluminum alloy. Here, the results obtained indicate that regimes of PEC
treatment with maximum effect exist. On the other hand, for 5754 aluminum alloy,
the treatment using the same regimes (current densities) dramatically impairs (in
times) its resistance to corrosion.

Macrophotographs of the surface appearance of the investigated HSLA steel
specimens after the corrosion tests are presented in Fig. 3 (the difference in the
appearance of treated and untreated specimens in case of aluminum alloy specimens
is insignificant). A substantial difference in the corrosion damage of surfaces of
PEC-treated and untreated HSLA steel specimens is observed. In the case of the
specimens without PEC treatment, zones with selective, localized corrosion are
visibly clear (areas bordered by dash lines in Fig. 3a). PEC treatment causes
uniform, homogeneous corrosion on the whole surface of specimen (see, for
example, area bordered by dash line in Fig. 3c). This observation may be to be due
to different structural and surface heterogeniety of the treated and untreated
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specimens. Such heterogeinity may arise during sheet manifacturing process by
means of cold working, which generates nonuniform residual stresses. On the other
hand, the PEC treatment may relieve these stresses, thus providing a more
homogeneous material.

Conclusions. The results of this investigation have shown that PEC treatment
has a significant effect on the corrosion behavior of structural metals. Based on
these observations, the following conclusions can be drawn:

(i) the regimes of PEC treatment used in this work cause an increase of
corrosion resistance of HSLA steel and 5182 aluminum alloy, but at the same time
they cause dramatic decrease ofthe corrosion resistance of 5754 aluminum alloy;

(ii) as a result of the PEC treatment, the corrosion on the surface of the HSLA
steel specimens becomes weaker and more homogenous; the zones of localized
corrosion observed in the case of the untreated specimens are absent on the surface
of the PEC-treated HSLA steel specimens.

The investigation performed was based on one specimen per variant of PEC
treatment. Further research will be carried out using more specimens, in order to
accumulate experimental data on the effect of PEC treatment with different
parameters on the corrosion characteristics of structural metals, as well as to study
the sources and physical mechanisms of such phenomena in metals.

Peswme

HaBefeHO pesynbTaTu BUMNPOOYBaHb Ha KOPO3il0 pPAdY KOHCTPYKUIHMX MaTe-
pianis, Wo nonepeiHbO 3asHaBanW BMAUBY IMMNY/ILCHOr0 e/eKTPUYHOIO CTPyMy
BMCOKOT FYCTUHW. YCTaHOBMEHO, WO Taka 06pobka CYyTTEBO BMN/MBAE Ha KOPO3it0
maTepianis. Ana ctani HSLA i antomiHieBoro cnnaBy 5182 mae Micue 3pocTaHHSA
onopy Koposii, B TON 4ac AK 4715 antoMiHieBoro cnnaBy 5754 - pi3ke 3MeHLIEHHS
onopy Koposil.
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