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Abstract. The nanomodification of aluminum alloys is usually
applied in order to improve the mechanical properties of alloys
but it influences their corrosion behavior also. The influence of
TiN and TiCN nanosized modifying compositions on the corro-
sion resistance of AlSi7Mg alloy is investigated in this paper.
Accelerated corrosion tests are carried out to compare the re-
sistance to uniform, intergranular and pitting corrosion of the
non-modified and modified AlSi7Mg alloys. The uniform corro-
sion test is performed by continuous immersion of specimens in a
3%NaCl+0.1%H205 environment for 360 hours at 25°C and at
50 °C. The Intergranular (IGC) and pitting corrosion tests are per-
formed in 3%NaCl+1%HCI solution at 25 °C under full immersion
conditions. Data on the corrosion rate change of modified alloys
(1.6 to 3.6 times reduction) depending on the modifying compo-
sition type and the test temperature are obtained. It was found
that uniform corrosion in all investigated alloys occurred 2 to 5
times faster at 25°C than at 50°C.

Keywords: nanomodification, A1Si7TMg, nanosized TiCN and TiN,
corrosion.

1. INTRODUCTION

In recent decades, aluminum alloys have been widely used in the auto-
motive and aerospace industries because they combine the characteristics of
high-strength materials with a relatively low weight. The maximum strength
of forged aluminum alloys is in the range of 550 to 600 MPa, but at ele-
vated temperatures the strength significantly decreases [1, 2]. To increase the
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strength of aluminum alloys at elevated temperatures, new modifications of
the already known brands are needed.

The materials for low weight constructions in automotive equipment must
meet complex requirements. It is essential to combine good formability with
high strength, excellent corrosion resistance and weldability [1]. AlSiMg alloys
usually meet these requirements and are increasingly used in the automotive
and power transmission industries.

One of the advanced techniques to improve the mechanical properties of
metallic materials during the last decades is the modification of aluminum
alloys with Ti, TiN, TiCN, SiC nanosized particles. The introduction of
nanoparticles into the molten metal results in the formation of a self-organizing
dispersion system where the solid particles serve as crystallization nuclei for
the solid phase formation. However, nanoparticles demonstrate nucleation
properties only if they are plated with an activated transition layer. The layer
provides good wetting of particles by the melt and creates favorable conditions
for the solid phase growth on their surface, even after moderate overcooling.
The transition layer can be produced by mechanical or chemical processing of
nanoparticles in a planetary mill [3] or by other methods of depositing metal
coatings [4]. Experimental studies have shown that aluminum alloys modified
with nanoparticles have a refined grain structure, better mechanical properties
(strength and hardness) and improved wear resistance [5, 6].

Investigations have been performed to study the influence on corrosion
processes of various elements introduced in small quantities [7] as well as of
nanosized modifiers added in iron and aluminum alloys [8-11]. Data about
the impact of Ti, TiN, TiCN nanosized modifiers on the corrosion resistance
of AlSi7Mg are missing [12].

This study is aimed to investigate how the modifiers TiN and TiCN, which
are basically introduced in AlSi7Mg alloy in order to increase the mechanical
properties, influence its corrosion behavior also. The nanomodifiers TiN, SiC
and TiN+Cr are introduced in the coating of welding electrode E300 and the
corrosion resistance of the overlay weld metal is investigated. It was found that
the introduction of TiN+Cr nanomodifier showed better results compared to
TiN nanomodification.

2. EXPERIMENTAL
2.1. Tested materials and test specimens

The base material BAI is cast alloy AlSi7Mg with chemical composition:
6.65wt% Si; 0.49wt% Fe; 0.05 wt% Cu; 0.28 wt% Mg; 0.07wt% Zn. It is modi-
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fied with Nanocomposition (NC) based on Nanopowders (NP) TiN and TiCN
to produce modified alloys AIN1 and AIN2, respectively. For better wetting
and absorption and hence higher efficiency, the nanopowders are plated with
Cu and Ti in a planetary mill. The nanocompositions are introduced into
the furnace crucible and the mixture homogenization is carried out by means
of a vane. The samples are cast in thin-walled steel containers [13]. The
designation of the obtained modified AISi7TMg alloys and the type of modify-
ing compositions are given in Table 1. The amount of nanosized modifier is
recalculated in weight percent and given in the table also.

TABLE 1
. Modifying composition Modifier content
Type alloy AlSi7Mg designation in wt%
BAl
AIN1 1TiN:1.5Cu 0.05wt%TiN
AIN2 1TiCN:2Ti 0.04wt% TiCN

Four plates about 3 mm thick and with average area of about 20 cm? are
cut from the non-modified alloy BAI and from the modified alloys AIN1 and
AIN2. The plates are prepared as specimens for the corrosion tests. Prior
to testing each specimen is consecutively washed with acetone, treated with
5%NaOH, 30%HNO3 and washed with hot water.

2.2. Test methods

Three methods are applied to determine the influence of nanomodification
on the corrosion behavior of the AISi7Mg alloy: uniform corrosion, Intergran-
ular (IGC) and pitting corrosion. The amount of corrosive medium for each
method is determined according to the rule: at least 10 ml per cm? of the
specimen area.

2.2.1. Uniform corrosion test

The uniform corrosion test is carried out by means of gravimetric method
by continuous immersion of the samples in a medium of 3%NaCl+0.1%Hs09
for 15 days (360 hours) at two temperatures: 25°C and 50 °C. Two specimens
from each tested material: non-modified alloy BAl and modified alloys AIN1
and AIN2 are tested at both temperatures. The test is conducted in a ther-
mostat to provide a constant temperature of the corrosive medium. The index
pH of the solution is controlled in the range of 5.0 to 5.2. At the test com-
pletion the corrosion products are removed with 30%HNO3 in an ultrasonic
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bath. The specimens are weighed before and after the test with an accuracy
of 0.00001 g.

The gravimetric method is chosen because of the formation of numerous pits
scattered on the studied aluminum surface in corrosion environments leaving
large areas of metal between them unaffected. In this case, it is better to
calculate the velocity of corrosion K [g/m?h] using the mass loss indicator
Am [g].

2.2.2. Intergranular and pitting corrosion test

The intergranular and pitting corrosion tests are performed in a solution of
3%NaCl+1%HCI at 25°C and full immersion conditions. The depth of IGC
is determined 48 hours after the test completion on metallographic specimens,
prepared normally to the examined surface by standard procedure of grinding
and polishing with diamond paste.

In order to identify better local corrosion changes, the development of pit-
ting corrosion is determined after the second hour of immersion in the corrosion
solution.

3. RESULTS AND DISCUSSION
3.1. General corrosion test results

The results of the uniform corrosion tests are given in Table 2 and shown
in Fig. 1. The mass loss index Am is determined by weighing the samples
before test and after removal of the corrosion products. Corrosion rate K is
calculated for each of the tested alloys at temperatures of 25°C and 50 °C.
The obtained data are the mean values of the two samples tested at each
temperature. K indicates the corrosion rate at 25°C and Ky at 50°C.

The corrosion rate gradient is determined by the parameters X and Y.
The parameter X = K;/Ks shows the decreasing of the corrosion rate K;
relative to the corrosion rate Ky for each of the tested alloys. The parameters
Y1 = Ki1pai1/Kia1n and Ya = Kopa1/Kaa1n indicate decreasing the corrosion

TABLE 2
Type alloy AlSi7TMg K [g/m?h] K[g/m?h] X Y Ys
BAl 0.275 0.088 3.1 - -
AIN1 0.172 0.030 5.7 1.6 2.9
AIN2 0.077 0.033 2.3 3.6 2.7

© WNuxenepun nayku, rox. LVI, 2019, Ne 3 74 © Engineering Sciences, LVI, 2019, No. 3



0.30

—a— BAI

0.25 1

0.20 1

0.15 4

0.10 +

Corrosion rate [g/mh]

0.05

0.00

25 Temperature [°C]

Fig. 1. Change of the corrosion rate of the tested
specimens with the temperature

rate of the modified alloys relative to non-modified alloy at 25°C and 50 °C,
respectively.

The obtained data show that the presence of nanomoditicators significantly
reduces the corrosion rate of the investigated AlSi7Mg alloy. At the solution
temperature of 25°C the corrosion rate of modified specimens decreases 1.6
times for AIN1, modified with TiN and 3.6 times for AIN2, modified with TiCN
compared to the original non-modified specimen. At a solution temperature
of 50 °C, the effect of the two modifying compositions is almost equal and the
corrosion rate reduction is within the range of 2.9+2.7 times.

The corrosion of aluminum alloys develops over the time as a function of
the pH, solution temperature, and chlorine ion concentration in the solution.
The main corrosion product is aluminum hydroxide Al(OH)3 — gray-white sub-
stance, deposited on the specimens surface. Aluminum hydroxide adheres well
to the metal surface, forms a passivating film and acts as a corrosion inhibitor
at temperature of the corrosion solution of 50 °C. At a solution temperature of
25°C, a part of Al(OH)s is separated in the solution, near the metal surface. It
is known that the corrosion behavior of aluminum is different at different tem-
peratures. When the temperature increases, the oxygen solubility decreases
and its diffusion ability increases. It has been proven that the temperatures
between 40 °C and 50 °C are optimal for aluminum to maintain a balance be-
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tween the amount of oxygen and the integrity of the passive film. At lower or
higher temperature the passive film is destroyed and the corrosion rate starts
increasing [14-17]. This explains why the corrosion rate of the alloys obtained
in our tests at 50°C is 2 to 5 times lower than at 25 °C.

Similar data were obtained earlier in our study of the impact of nanosized
TiCN, SiC and TiN modifiers on the corrosion resistance of the weld metal
obtained with the modified standard welding electrode E300 [12].

3.2. Results of intergranular corrosion test

The results of the intergranular corrosion test are estimated by observation
of metallographic samples prepared normally to the corroded surface at a
distance of more than 5 mm from the edge of the test specimen. The results
are shown in Fig. 2.

BAI

AIN2

Fig. 2. Intergranular corrosion
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The depth of corrosion penetration in the non-modified BAl specimens
reaches 500600 pm; in AIN1 modified with TiN — up to 1000+-1100 pm; in
AIN2 modified with TiCN — up to 1000+-1200 pm. Microscopic observation
shows that the penetration of corrosion occurs in places along the borders of
primary silicon crystals or silicon euthetics plates.

A stoichiometric second phase MgsSi is formed in aluminum alloys in the
presence of Mg and Si. Aluminum alloys with high content of Cu and Si show
a tendency to localized corrosion. It is known that intergranular corrosion
in AlSiMg alloys is caused by the dissolution of the intermetallic compound
MgsSi or by the presence of Si-depleted layer at grain boundaries [18]. In this
study, we found some negative effect of nanomodifiers on the development of
intergranular corrosion. The depth of corrosion penetration in non-modified
specimen is almost two times less than the penetration depth in the TiN and
TiCN modified specimens.

3.3. Results of pitting corrosion test

Pitting corrosion was detected after the second hour of testing. Surfaces of
the specimens affected by pitting corrosion are shown in Fig. 3.

AIN1 AIN2

Fig. 3. Pitting corrosion

Pitting corrosion development is due to the presence of aggressive chlorine
ions in the solution. Many metal cations exhibit high solubility in chloride-
containing media. Chlorine ions have strong electronic affinity and high dif-
fusion, which makes them very harmful for the passive film formed on the
metal surface. It is believed that the chlorine ions destroy the passive film by
replacing the oxygen anions in it. In addition, chloride ions tend to migrate
to the bottom of the pitting to maintain charge neutrality [14-17].
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4. CONCLUSION

e The effect of nanosized modifying compositions 1TiN:1.5Cu (0.05wt% TiN)
and 1TiCN+2Ti (0.04wt% TiCN) on the uniform corrosion of A1Si7Mg alloy
at 25°C and 50 °C in 3%NaCl + 0.1%H50, is investigated.

e It was found that the corrosion rate of both non-modified and modified
specimens at 50 °C was 2 to 5 times lower than at 25°C.

e The corrosion rate of the TiN modified specimens at a solution temperature
of 25 °C is 1.6 times lower and the corrosion rate of the TiCN-modified spec-
imens 3.6 times lower compared to the corrosion rate of the non-modified
specimens. At a solution temperature of 50 °C the effect of the two modi-
fying compositions is similar: reduction of the corrosion rate in the range
of 2.9 to 2.7 times.

e No positive impact of nanosized modifiers on intercrystalline corrosion is
found in the tested alloys. The penetration depth of intergranular corro-
sion in the non-modified specimen is almost two times smaller than the
penetration depth of in the TiN and TiCN modified specimens.

e No positive impact of nanomodifiers on the pitting corrosion is found. The
number of pittings on a unit surface area of the non-modified specimen is
less than that of the modified specimens.
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BJINMAHUE HA HAHOPASMEPHUN MOJINO®UIIVPAIIIN
KOMITO3UIINN C TiN 1 TiCN BbPXY
KOPO3VMOHHOTO IIOBEJIEHVE HA CIIJIAB AlSi7TMg
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Pesrome. Hanomogudunupanero Ha ajyMUHUEBU CILUIABU OOUK-
HOBEHO C€ MU3BBbPINBA C e/ MOI00psiBaHe Ha TEXHUTE MEXAHUIHU
XapaKTEPUCTUKH, HO TO OKa3Ba BJIMAHNE W HA TAXHATA KOPO3U-
OHHA yCTONYMBOCT. Bimsinnero Ha HAHOMOAMMUIIMPAHETO € U3C-
JIeJIBAHO BbLPXyY ajiymuHueBa ciuiaB AlSi7TMg, ciren BbBexk aHe Ha
cronuku Ha HaHokoMrosuimu 1 TiN:1,5Cu u 1TiCN:2Ti. ITpose-
JICHU €& YCKOPEHU KOPO3MOHHM U3NMUTBAHUS 33 OIpPEJIesIsiHe Ha, yC-
TOHYUBOCTTA HA W3XOHATA U MOJIU(DUIMPAHUTE CILIABU Ha, 0011,
WHTEPKPUCTAJIHA ¥ MUTHHIOBa Kopo3us. V3ciaemxBanero Ha 00Ia
KOPO3Hs € M3BBPINEHO [I0 TPABUMETPUIEH METOJ IPE3 HEIIPEKbC-
HaTOo IoTansine Ha obpasnure B cpega Ha 3%NaCl 4-0,1%H2028
npoabizkenne Ha 360 daca npu Temueparypu 25 °C u 50 °C. Us-
CJIEJIBAHETO HA WHTEPKPUCTAJHA U MUTUHTOBA KOPO3Us € U3BbP-
nreno B cMecen pa3teop Ha 3%NaCl+1%HCI npu Temneparypa
25 °C, B ycaoBusaTa HA mbJHO mHOoTansHe. llosydenn ca maHHN
3a MOHMKABAHETO HA CKOPOCTTA HA KOPO3Ws HA MOIU(PUIMPAHU-
Te CILUIaBH CIPsMO u3xomHaTa oT 1,6 1o 3,6 IbTH B 3aBUCHMOCT
OT BHJIa HA MOAMMUIITPAIIATA KOMIIO3UIMS U TeMIlepaTrypara Ha
M3MUTBAHETO. YCTAHOBEHO €, 1e 00IaTa KOpo3us BbB BCUYUKH U3-
CJIeJIBAHU CIUIABY IPOTUYA OT 2 J0 b mwbTh 1no-obp3o npu 25 °C
orkokoTo mpu 50 °C.

Karowosu dymu: manomomudunupane, AlSi7TMg, manopaszmepHm
TiCN u TiN, kopo3us.
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