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Abstract

Galvanizing as a process of zinc coating of base material is still the most widely used technology
applied in surface treatment of materials which are supposed to meet the requirement of high
corrosion resistance in various environments. This article presents the results of research aimed at
determining the corrosive properties of galvanized sheets in selected environments — distilled water,
NaCl and SARS solution, using electrochemical potentiodynamic test.

Introduction

Galvanized sheets are currently used in the construction of vehicle bodies. Even though the
vehicle bodies in production undergo through number of processes (cataphoresis bath, painting)
which are able to protect their surface from the effects of external influences, it is important that the
material itself achieves required anti-corrosion properties. This will ultimately further improve the
overall corrosion resistance of the vehicle body. [1-2] This characteristic of the base material
applies in mechanical damage of the vehicle body when the layers of covering, filling paint and
cataphoresis are not able to fulfil their protective purpose. In such cases the corrosion is partially or
fully suppressed by zinc coating which due to its lower electrode potential compared to steel
corrodes preferentially. [3]

In zinc coatings the real rate of corrosion is different depending on the current corroding phase.
The top most n-phase which is formed by 100% zinc corrodes faster than other phases formed by
zinc with a certain content of iron. In steady environmental conditions the rate of zinc corrosion is
almost linear. Real environmental conditions, however, are unstable due to the large amount of
factors influencing them, such as air temperature, relative humidity, the degree of pollution, etc.
Therefore the corrosion aggressiveness of the atmosphere is different at different places. In Slovakia
there are C2 categories for rural and urban environments and C3 for industrial environment
(categorization according to STN EN ISO 9223). The corrosion resistance of hot-dip galvanized
sheets is influenced by other factors such as compliance with technological conditions of the
manufacture of zinc coating, structural aspects, etc. [4 - 6]

Materials and methods

For experimental work steel sheet DX54D + Z (EN 10142/2000) was used, producer U.S. Steel
Kosice (ZINKOHAL 220). This is hot-dip galvanized sheet with zinc coating in which the
minimum two-sided coating weight is 140 g.m? Chemical and mechanical properties of
experimental sheet are shown in Table 1. Surface treatment of the sheet has internal reference MB
which means that it is asmall texture of zinc and an improved surface according to EN
10 142/2000, without further surface treatment.

Table 1 Chemical composition and mechanical properties of DX54D + Z sheet

Chemical composition in %

Material Cax MnNmax P ax Sinax Al Ti N max Fe
ZINKOHAL 220 | 0.015 0.02 0.015 | 0.015 | min. 0.02 | 0.06-0.14 | 0.006 | bal.

Mechanical properties

Amin
[%]
ZINKOHAL 220 max 220 max 350 36

Material Roo2 [MPa] | Ry [MPa]
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The samples were exposed to three different environments — distilled water with pH=7, 0.1M
solution of sodium chloride and SARS solution.
- 0.1 M solution of NaCl — it is 0.1 M solution which with the molar mass of NaCl of 58.44
g/mol constitutes 5.84 grams of sodium chloride per litre of distilled water. This solution was
chosen because NaCl is the most commonly used gritting material for winter maintenance of roads
and therefore comes into contact with the vehicle body, especially chassis parts most commonly.
- SARS solution — this solution simulates the slightly acidic atmospheric rain with pH=5 which
comes into contact with vehicle body in so-called wet acid deposition from atmosphere.

Measurement of potentiodynamic curves was carried out using potentiostat SP 150, of Bio-Logic
Science Instruments Company and processed in EC-Lab V10 software. As the reference electrode
there was the calomel electrode with constant potential E = 0.242 V connected to the device and as
the auxiliary electrode platinum electrode was used. Corrosion cell with an opening of 1.065cm?
ensured a firm grip of measured sample and its contact with the electrolyte. Circuit diagram for the
measurement is shown in Fig.1. The connection of the corrosion cell to the potentiostat is shown in
Fig. 2. The outcome of the measurements were potentiodynamic polarization curves rendered in
semi-logarithmic coordinates and gradients of anode and cathode dependence were determined
using Tafel analysis.

Fig. 1 Circuit diagram for the measurement of potentiodynamic curves

1 — metal samp

le, 2 — reference electrode, 3 — auxiliary electrode

Fig. 2 Connection of corrosion cell to potentiostat

Results
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The experimental samples were clamped and sealed in the corrosion cell and after application of
the electrolyte checked for the presence of air bubbles. Establishment of the sample ran at the
temperature of 20°C. After 10 minute establishment the values of free potentials were as follows:

- distilled water: - 0.7829 V, corrosion potential Ecorr = -782 mV, corrosion current density icorr =
1.470 pA, difference of reduction and oxidation speed was very small.

- 0.1 M NacCl solution: - 1.0137 V, corrosion potential Ecorr = - 1014 mV, corrosion current
density icorr = 25.82 pA.

- SARS solution: - 0.9813 V, corrosion potential Ecorr = -981.27 mV, corrosion current density
icorr = 14.31 pA.

(' W) M pistilled water
B 0,1 M Nacl solution
M sARSs solution

Ewe/V vs. SCE

Fig. 2 Potentiodynamic polarization curves of measured samples

Based on entered data such as area of electrolyte effect S (1.056 cm?), atomic weight M of the
material coming into contact with electrolyte (zinc = 65.380 g/mol) and density of the material
coming into contact with the electrolyte (zinc = 7.14 g/cm®) and based on the measured values of
corrosion potential and current density we determined the corrosion rate of the material in selected
environment. Corrosion rate values obtained by software were as follows:
- in distilled water environment: 0.0417 mm/year,
- in 0.1 M solution of NaCl: 0.7326 mm/year,
- in SARS solution: 0.4059 mm/year.
The graph in Fig. 2 shows potentiodynamic polarization curves of all three measured samples. From
these graphs it can be determined with certainty even without using Tafel analysis that the corrosion
rate will be highest in the environment of 0.1 M solution of NaCl while the slowest rate of corrosion
will be present in the environment of distilled water.

Conclusion

Presented article deals with the analysis of corrosion properties of hot-dip galvanized vehicle
body sheets in selected environments. Experimentally obtained results point to the fact that sodium
chloride used as most common gritting material for winter maintenance of roads is at concentration
of 5.84 g NaCl in one litre of distilled water rather aggressive towards the exposed samples.
Oxidation of samples in such electrolyte strongly dominated over the reduction and corrosion rate
stabilized at 0.732 mm/year. Although less pronounced but still dominating oxidation reaction was
observed in sample exposed to SARS solution, a solution simulating acid rain. In this case the
aggressiveness of the environment was supported by nitric acid which is very corrosive, its
concentration was however so low that the value of corrosion rate of the exposed sample was 0.4
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mm/year. As expected, the lowest corrosion rate was recorded in neutral distilled water where the
very small and indistinctive dominance of oxidation resulted into value of only 0.04 mm/year.
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JIABEPHA YJAAPHO-XBUJIBOBA AIS1 HA BJIACTUBOCTI
IPUITOBEPXHEBOI'O IIAPY 3BAPHOI'O 3’€/ITHAHHAI 13
AYCTEHITHOI CTAJII

ML.I. Hiarypceskuii, FO.M. Hikidgopos, b.I1. Kosaiwok, B.B. Jlazapioxk, M.I'.
I'pemyk, X. Jlone3 , b. Yapu

TepHOMiNbCHKUI HALlIOHAILHUN TEXHIYHUHN YHIBepcUTeT iMeHi [Bana [lymros,
TepHominb, Ykpaina
VuiBepcurer Bickoncun-Minyoki, CHIA

The authors have researched the weld joints of austenitic stainless steel 12X18H10T after
laser shock wave treatment of the welded joint surface, heat affected area and base metal. The
character of the structure and microhardness changes in the weld joint exposed areas in crossing
has been established. It has been found that the structural and phase changes in the surface layers
occur as a result of laser shock wave treatment at a distance up to 300 mkm from the surface.
Increase in corrosion resistance and microhardness of exposed surface layer of weld joint has been
observed.

AyCTeHITHI XpOMOHIKEJEBl CTall € MOIIMPEHUM KOHCTPYKILIHHMM MaTepianoMm i
BUTOTOBJIEHHSI BY3J1IB €HEPIeTUYHHX YCTAaHOBOK 3aBJIIKM BHCOKIN IJIACTMYHOCTI, KOPO31HHIN
CcTifiKOCTi, 0Opiii 3BaproBaHOCTI Ta TexHosoriyHocti [1, 2]. B pe3ynpTaTi TEpMiYHOTO IHMKIY
3BapIOBaHHS y CTPYKTYpl 3BapHUX 3’€JHAHb 13 ayCTEHITHUX CTajlell B1I0yBarOThCS 3MiHU (ha30BOTrO
Ta XIMIYHOTO CKJIay, IO CYTTEBO BIUIMBAIOTH HA MPOLIECH PYHHYBaHHs 3BapHOTO 3’€IHAHHS 3a
MexaHi3MaMU MDKKPUCTANIITHOT KOopo3ii. [y nonepeakeHHsl JJOKaTbHUX KOPO31MHHUX MOIIKOKEHb
MPOBOAATH TepMiuHe 00poOieHHs 3BapHUX 3’eqHaHb mpu 900 o°c [1, 2]. BucokoremneparypHuii
BIUIMB CTIPUSIE PO3YMHEHHIO KapOi/liB XpOMy, TOMOTEHI3aIlli TBEpJOT0 PO3UHUHY ayCTEHITY 10 XPOMY
[2]. 3 meroro 3amoOiraHb KOpO3IHHOTO PO3TPICKYBaHHS TNPHUIIOBHUX IUISHOK 3’€IHaHb 13
HEp)KaBIIOUMX XPOMOHIKEJIEBUX CTajiel B IPOMHUCIOBOCTI MPOBOASATH TEpPMiuHE IHAYKIINHHE
00poOIIeHHsI, MEXaHIYHEe 3MIIIHEHHS Ta 3BapIOBaHHsI 3 IPUMYCOBUM TeTUIOBiABOAOM [1 - 3].
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