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ABSTRACT

Electrochemical method was utilized to study theosion resistance of zinc alloy coatings. Thesaticg, plated
by mechanical plating, include pure zinc coating;Al coating, Zn-Mn (5:1) coating, Zn-Mn-Al (5:1:tpating.

The parameters in Stern-Geary formula were obtaibgdeveral tests. According to these parametenspsion

electric current was calculated. The corrosion st@nces of these zinc alloy coatings were complayecorrosion

electric current. Results indicate that the cormsiresistance of Zn-Al coating was the best inghsac alloy
coatings. And the sequence of these coatings rafigedhigh corrosion resistance to low corrosiosistance was
as follow, Zn —Al> Zn-Mn-Al (5:1:1)>Zn> Zn-Mn (5:1)
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INTRODUCTION

Mechanical plating can plate metal to the surfacerarkpiece to form coating by mechanical energyduced by
medium impact [1]. Mechanical plating process neetheating and electric field don’t act directhythis process.
Therefore, less energy and metal powders were daadbis process [2]. It was reported in literawf3-6] that the
power consumption of mechanical plating is onlyefipercent of electroplating. And zinc consumption i
mechanical plating process is only thirty to fifpercent of hot dip galvanizing. Consequently, thostcof
mechanical plating is far less than electroplatind hot dip plating. Because the pure zinc coasirgpmparatively
monotonous and the corrosion resistance of pure aating is inferior to that of some alloy coatngnore and
more alloy coating were studied by researchersliaha world [7-9]. In this study, electrochemiaalethod was
utilized to study the corrosion resistance of zafloy coatings made by ourselves. The corrosioistasces of
different series of zinc alloy coatings were conmagiarThe relationship of corrosion metal content aodosion
resistance was studied.

EXPERIMENTAL SECTION

Reagentsand I nstruments
Reagents. NaCl solution (3%); ethanol;

Instruments. LZ3-200-type function recorder; HDWansistor potentiostat; Platinum electrode; caloahectrode;

volumetric flask(1000ml, 2000ml); electrolyzer fselade, the electrolyzer used in this experimens wslaown in
Figure 1);
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Augxiliary electrode lﬁ; Saturated calomel electrode

Electrolyzer
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Figure 1. The schematic diagram of the electrolyzer used in this experiment

Experimental principle

There were many electrode reactions on the metédciin corrosion process. The whole electrodéesysvas a
coupling system containing two or many electrodectiens [10]. Therefore, electrochemistry can bedus study
the corrosion resistance of metal [11, 12]. Elatgrpotential and electric current density wererttaén parameters
to be measured by electrochemical method when stgdyorrosion resistance of metal. Electric currdehsity
indicated the electrochemical reaction speed pitranea on metal surface. In electrochemical thetgrn formula
and Tafel formula were used in this experiment1805, Tefel proposed that between electric curr@hbsing to
single electrode reaction speed on metal surfadenaatal potential E, their relationship obeyed erogl formula
[13], shown as Formula (1).

E=a+blogl Q)

Corrosion speed formula was shown as Formula (Zemapplied polarization was large, it can be deduay
Formula (2) that the relationship of impressedteilecurrent and electrode polarization were strai@n theAE-logi
semi-logarithmic coordinates and meet Tefel refetiop.
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At 1957, according to electrochemical reaction ticgand mixed potential theory, Stern and Geaduded linear
polarization formula, also called Stern-Geary folamghown as formula (3).

. __bbp 1
“r 23(b,+b,) Rp

®3)

where R. b, were Tafel constants of anode and cathode potarizeespectively.

It can be seen from the formula that if Rp,and i were obtained ., can be calculated by Stern-Geary formula.
The value of &, was inversely proportional to metal corrosion stsice. Therefore, the corrosion speeds of
different metals can be compared according to #ileevof i, [14]. A three-electrode system, consisting of a
research electrode, a reference electrode and aiiaau electrode, was used in specific electrocluam
measurements [15].
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Experimental methods

Measurement of Rp. According to Stern-Geary formgklvanostatic by-point method was utilized toedetined
polarization potential. A series of electric cutser. I, Is...... In» l=nl; were applied on the samples in step
approach. After each adjustment of applied electuitent, the values of polarization potential wereorded every
two minutes. From this, a line can be drawn andldpe was the value of Rp,RAE/Al, (E<10mV).

Measurement ofjmand R. It can be known by Tefel empirical formula androsion speed formula that

dE,
b= (———) es>kconr
dlogi,
dE,
bC: ( N ) E<<Ecorr
dlogi,

Galvanostatic by-point method was also used toraeted anode polarization potential and cathodanmation
potential. Applying methods of electric current veamilar to that used in determining Rp. Electugrents, {. |5,

l3...... In» Iy=nly, were applied on the samples in step approach.yEstep was 0.5mA. After each adjustment of
applied electric current, the values of polarizatpmtential were recorded when the electric curveas stable. The
intervals of recording were different. At normahdiition, the intervals of the first four points,af 10-15 minutes,
were longer than followed points, about five mimut€hen, corresponding E-logi diagram was drawiCartesian
coordinate paper and its slope was obtained byileding. The average value of three groups of dats the value
of b,

The method of measuring wvas similar to that of measuring. @he different point was that polarization current
was set to be negative and galvanized sheet beglaateode to be studied.

RESULTSAND DISCUSSION

According to the test principle, the values of piakaion potential were recorded at same intervatdarization
curves of different series of coating were drawd #re values of Rp were obtained from polarizatarves. The
value of i and k were obtained from E-logi curves. Then, the valoERp, k and i were put into Stern-Geary
formula and then the value qf,j was obtained by calculating. Polarization curvEZm-Mn (5:1) were shown in
Figure 2. E-logi curves of Zn-Mn (5:1) were showrFigure 3. Due to limited space, polarization esrand E-logi
curves of other zinc alloy won't be shown in thappr. The electrochemical test results of zincyatioating were
listed in Table 1.
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Figure 2. Polarization curves of three Zn-Al parallel samples
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Figure 3. E-logi curvesof three Zn-Al parallel samples
Table 1. Electrochemical test results of zinc alloy coating
Rp@)| Rp |b{V)| ba [-b(V)| b |
Samples C;\:I]?:ia(rl/es)e Test |Average Test |Average Test |Average) (rlﬁig)
°” |values values|values values|values values
1024 0.316 0.116
Pure Zn 1117| 1037 |[0.298| 0.290 [0.129| 0.121 | 0.0358
969 0.254 0.118
1714 0.178 0.116
Zn-Al 2361| 2110 |0.141| 0.164 |0.129| 0.121 | 0.0143
2254 0.174 0.118
Zn-Mn 667 0.174 0.116
(5:1) 2.21 786 | 727 |0.187 0.178 |0.129| 0.121 | 0.0431
) 728 0.172 0.118
Zn-Mn-Al(5:1:1) 2.51 887| 962 | 0.2770.275| 0.116 0.121 | 0.0380

It can be indicated that the corrosion current tigmd Zn —Al alloy coating was the smallest amadbthese zinc
alloy coatings. Therefore, the corrosion resistasfcEn —Al coating was the best. When Zn-Mn seaésoatings
were compared with each other, it can be found ithatittle aluminum was added into Zn-Mn alloyating, the
corrosion current density of the coating would dase. This can lead to increasing of corrosiostasie.

CONCLUSION
In this study, electrochemical method was utilizedstudy the corrosion resistance of zinc alloyticggs. The
parameters in Stern-Geary formula were obtainedséyeral tests. According to these parameters aen th

polarization curves, corrosion electric current wakulated. The corrosion resistances of these aipy coatings
were compared with each other by corrosion electiitent. Results indicate that the corrosion tasise of Zn-Al

1287



Leilel Wang J. Chem. Pharm. Res,, 2013, 5(12):1283-1288

coating was the best in these zinc alloy coatidgel the sequence of these coatings ranged from dogtosion
resistance to low corrosion resistance was asvipliim —Al> Zn-Mn-Al (5:1:1)>Zn> Zn-Mn (5:1). Thesseries of
tests verified that aluminum can improve the caawgesistance of zinc alloy. These experimentsehgwiding
significance for mechanical plating applicationsridustry.
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