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Zn-Al-Mg-RE series hetlip alloy coatings developed which provide effective protection of mild steel
surface against corrosion and oxidation were investigated bynfigaklectron Microscopy (SEM),

3D Optical Microscopes,X-ray diffraction (XRD). Significant variation in coating surface
morphology, polarization parameters and impedance characteristics are observed with increasing
content of Al and Mg element in thisgex. It is found that the charge transfer resistance of electrode
reaction R;) has an inversely proportional relationship with the surface corrosion roughtaess (
corroded coatings. Furthermotbge better corrosion resistance derived from certaiacda reaction

in Zn-Al-Mg-RE alloy eutectic process has been indicatettrms of this dynamic relationshiphe
complex effects oindependent processes from initial uncorroded surface microstructure changes in
characteristics during and after electremical measuremeritave been representddr different
compositions of alloy coatings.

Keywords: Zn-Al-Mg-RE alloy; alloy coatings electrochemical microstructure corrosion ratg
surface

1. INTRODUCTION

Zinc-Aluminum series coatings have been wydgroved to provide effective sacrificial
protection of steel surface against environmental corrosion in virtue of its high corrosion resistance
with a comparatively small coating weight-4]. Because of the increasing requirements for a long
service lifein the power steel members and other industries, various alloy systems have been
developed. ZsAl-Mg series coatings have attracted attention since they are shown to be able to
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provide corrosion resistance stability superior to that of traditional ZidcZarAl series coatings

[5,6]. Many papers are preferential attracted with the periphery di-klephase which is prepared

from baths containing more than 6 mass% Al [7,8]. The coating corrosion resistance has been grown
along an increase in the conterft Mg within the range of 0 mass¥ mass% though lots of
researches [3,9,10]. Several commercial products for heavy corrosive building applications, such as
Zn-11Al-3Mg-0.2Si (Super Dyma), Z6Al-3Mg (ZAM), have been available through 1990s by
Japanese [,12]. In the last 10 years, Many European research groups have started to develop unique
coating systems [136]. Some researchers found that the corrosion was inhibited by the buffering of
the pH by the formation of layered double hydroxides precipitatb Al(OH); in Zn-Al series
coatings [17]. They attributed this factor to the enhanced corrosion performance to the stabilizing of
the corrosion products in presence of #ipns. Some other points proposed that the prevention of
Zinc carbonate hydroxidédormation due to cation hydrolysis on the surface [8,13]. Corrosion
behaviors of ZrAl-Mg coatings in chloride and different anions containing environments have already
been investigated [11,14,18]. However, the contribution to coating corrosion resistartbe
electrochemical properties and the microstructure of morphology is not clear. Different polarization
parameters, phase compositions and surface roughness may lead to variation of corrosion resistance.
becomes more and more important to undedstha corrosion mechanism of -A4-Mg-RE coatings,
because reliable predictions areededThe aim of this work is to investigate the significant variation

in the coating micromorphology, polarization parameters and impedance characteristics with the
influence of Al, Mg and RE element. Although, there are already some understanding on the corrosion
mechanism of Z#\l-Mg coatings in the polarization corrosion tests and other studies. To get a novel
overview of the corrosion behavior in terms of the chargesfer resistance of electrode reactigg) (

test and surface corrosion roughne&s) (would be helpful to give an indication of corrosion
performance in a real application. More importantly, a dynamic linear relationship between the charge
transfer restance of electrode reactidR.{) and surface corrosion roughneRBg) has been established,
which indicates better corrosion resistance derived from the certain eutectic reaction microstructure in
Zn-Al-Mg-RE alloy solidification process.

2. EXPERIMENTAL DETAILS

Mild steel panel specimens 010G meh50 omsmi 5
having composition $0.16, G0.18, Mnr0.65, R0.026, Ma0.015, N+0.02 (all in mass%) and the rest
of iron, were used as the substrate materials. The specimens were degreased with 10% NaOH aqueo
solution at 58 for 2min, and then thexide scale of samples surface was removed with 20% HCI
aqueous solution for 1.5min. A 52%Zn€EnCh+NaF (9:1:3) solution was developed to immerse the
mild steel panel at &0 for 20 s, and then they were putted in drying box afNLOAfter drying, the
speimens were hetlipped in Zn (99.99% purity) bath, Al bath, ZrAI-Mg-RE alloy bath,
respectively, at 468 °~ 4803 for 50 s 120 s. The composition of coatings which were formed in
different alloy series and itharacterisc parameteare given in Table 1.
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Table 1. The composition an@haracteristiparameterof different zinebased coatings used in the

study.
Materials Zn  Zn-Al  Zn-Al-  Zn-Al-Mg Zn-Al-Mg-RE
RE Z-5A- Z-5A-  Z-6A-
1M 2M 3M
5N0.5  5ND.5 6ND.5 5N0.5 5N0.5  6ND.5
Al (mass%)
Mg (mass%) - - - 3ND.2 1N0.1 2ND.2  3ND.2
RE (mass6) 0.1N0.05 2 0.120.0 0.120.0 o.n;o.o
Thickness 9586 85N\b 8086 7086 7586 75\6 7086
(em)

The coatings are all produced in selade hot dipping equipmenifter hotdipping in alloy
baths, the specimens were cooled in air and then quenched in cool water fat @D s

The Surface morphology and cressctional microstructure of ZAl-Mg-RE coatings were
examined by using Scanning Electron Microscope (SEME phases in the hdip coatings were
analyzed by XRD using Oxford diffractometer with Clk-= 1. 54060 ) i nci der
peaks of XRD were recorded inthé2an g e-1®f0 U1 0 U

Dynamic Polarization and electrochemical impedance experimerdge werformed using
PARSTAT 2273 Advanced Electrochemical System (USA)at the open circuit potential. Polarization
measurements were carried out from a cathodic potenti@b6f m\(scgto an anodic potential +250
mV(scgy at room temperature (29 with regect to corrosion potential. The experiments were
conducted in the 3.5 mass% NaCl at a sweep rate 1 mV/s. PowerSuite software was used for dat
acquisition and analysis. The electrodes were prepared by leaving areas for exposure to the electrolyt
about 1cn?. The corrosion potentialE{,,) and corrosion current density.4) and polarization
corrosion rate o) Were determined by using Tafel extrapolation method. The charge transfer
resistance of electrode reactioR. was obtained from Nyquist goby fitting the data using
PowerSuite software.

In particular, srface morphology characteristics of different coatings after electrochemical
corrosion measurements were established by Wih@ptical Microscopes (Bruker, GH), using
VSI mode, with 5T 5  amea Thesurface corrosion roughned®) of coatings was carried out in
morphology analysis.

3. RESULTS AND DISCUSSION

3.1. XRD analysis of coatings surface

Fig. 1 shows the measured XRD pattern obtained of the coatings with different coht&hts
Mg, RE. The measurement results in Fig. 1 (a) represents Zn, (b) f6%2h (c) for Zn5%Al-
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0.1%RE, (d) for Zrb%AIl-1%Mg-0.1%RE, (e) for ZF6%Al-2%Mg-0.1%RE, (f) for ZrR6%AI-3%Mg,
(g) for Zn-6%AI-3%Mg-0.1%RE, respectively.
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Figure 1. XRD pattens of ZrAl-Mg-RE coatings, (a) Zn, (b) Z8%Al, (c) Zn5%AlI-0.1%RE, (d)
Zn-5%Al-1%Mg-0.1%RE, (e) Zrb%AI-29%Mg-0.1%RE, (f) ZrR6%AI-3%Mg, (g) Zr6%AIl-
3%Mg-0.1%RE.

The reduction in the columnar & compound content is attributed to the inhibiting efféct o
Al when compared to pure zinc coating [2,19]-&inphase consists of the lamellar eutectic of zinc
containing approximately 5% aluminium [22]. As seen from the result, it is probable t#dtMg
coatings are composed of primary Zn dendritesMgZn, binary eutectic and ZAl-MgZn, ternary
eutectic [20,21]. The intensity of the peak due te6Z6Al-3%Mg, Zn6%AI-3%Mg-RE consists of a
large amount op r i m-Aliphadé, MgZacrystals and ternary ZAl-MgZn, eutectic.

3.2. SEM of coatings surface micromorphology

The surface morphology images of the coatings were shown in Fig. 2. Therystdillized
coatings are observed from the pure zinc baths @8 4for 1min as shown in Fig. 2(a). With
increasing the content of Al to 5 mass%, theAdath shows a significant effect on the reduction in
the size of zinc crystals. This effect increase the number of eutectic group, or primaricZiplsase
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andhypce ut ect i ¢ st r wAlphase and theohyperputectimsiructure ébmposed of primary

U-Al phase and eutectic [23], as shown in Fig. 2 (b). It is evident that the incorporation of Alih Zn

bath increases the degree of crystalline coverage throedycing the grain size of the zinc coating

compared witkout it. The rare earth element in the-ZhRE baths show a significant effect on the

addition in the distribution of the eutectic group, or primary Zioh phase, or primary Alich phase

crystls. This feature enables the rapid activation at the surface of mild steel substrate and increases th

number of micro eutectic sites which speeds up the eutectic evolution reaction as seen in Fig. 2(c).
The increase in magnesium causes the conversiterrdry eutectic reaction to improve the

corrosion resistance with the subsequent outer alloy layer matrix of tAé-Mg coatings. Instead of

a few crystals growing small, many eutectic groups grow to a larger size on average. There are alsc

some dark eas are presented in the layer matrix which are rich in Al and Mg. Those areas are

surrounded by a brighter phase which contains similar amounts of Zn or Fe. The microstructure of the

coatings surface formed in the bath withZAI-2%Mg-RE is more unifan and the crystal clusters

arranged together more compactly than that formeth-5%AI-1%Mg-RE baths as presented in Fig.

2(d) and (e). However it is not observed that the large ternary eutecticAlfMigZn, is formed and

the morphology of coatings iohuniform, while the cracks are also observed. The possible reason is

that the scanty amount of magnesium would restrain the ternary eutectic reaction.

T ]
‘,J ' ‘ 2

U
o

A

10 pm EHT =13.00 kv Signal A = InLens Date :25 Apr 2014 ZEISS 10 pm EHT = 13.00 kV Signal A = InLens Date :25 Apr 2014 ZEISS]|
WD =103 mm Mag= 1.00KX Time :14:53:36 WD = 83 mm Mag= 1.00KX Time :15:04:53

10 pm EHT = 13.00 kv Signal A = InLens Date :25 Apr 2014 ZEISS 10 m EHT = 13.00 kv Signal A = InLens Date :25 Apr 2014 ZEISS|
1 WD = 10.2 mm Mag= 1.00KX Time :15:22:30 — WD = 12.6 mm Mag= 100KX Time :15:47:15




Int. J. Electrochem. SciMol. 11, 2016 506¢

fopm EXT = 13.00%% Signal A = inLues Dute 125 Apr 2014 — Jupe EHT =13.00%y Signal A = InLess D 25 Apr 2014 ZETXS
— WD = 28mm Msg= 100KX Time 155648 I WD & 102mm MagT 100KX Time 185317

10pm EMT = 13.00%Y Sk A 2 .
[ gl & = nLees Dute :25 Apr 2014 [—
f WO =102 mm Mag= 100KX Time 183811

Figure 2. SEM images of ZrAl-Mg-RE coatings surface, (a) Zn, (b)-BAoAl, (c) Zn5%AI-0.1%RE,
(d) Zn5%Al-1%Mg-0.1%RE, (e) Zrb%AI-2%Mg0.1%RE, (f) ZrR6%AI-3%Mg, (g) Zn
6%AI-3%Mg-0.1%RE.

The crystal clusters of coatings obtained from the baths containing Mg with 3 mass% are
denser and larger than others. In Fig. 2(f) and (g), some dark aegasnaarily Al and some bright
areas are eutectic structure of-Zr a-Al.dBy ¢dbmparison, the optimum amount of Mg increases
the number of nucleation sites there by increasing the number of ternary eutectic group. The rare eartf
element in the ZAlI-Mg-RE bath Bows a significant effect on the addition in distribution of the
ternary eutectic group. It is found that the size of ternary eutecti ZvigZn, and Al dendrites in the
Zn-6%AI-3%Mg-RE coatings as presented in Fig. 2(f) are better organized than that & 6%Al-
3%Mg coating in Fig. 2(g). The Z8%AI-3%MgRE coating has a multiphase structure with Zn
MgZn, binary eutectic and ZAl dendrites. There are also zones of ternary eutectidlZgzZn, and
Al dendrites [24,25]. In general, the larger the Sifethe crystals, the higher coverage and more
effective coatings are obtained by-B#0Al-3%MgRE bath.
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3.3. Electrochemical properties

3.3.1.Dynamic polarizatioRotentiodynamidolarization

A typical potentiadynamicpolarization technique is used toatwate the protectiveness of the
coatings in 3.5% NaCl solution at room temperature. From the anodic polarization curves as shown in
Fig. 3, corrosion potentiaE(,), corrosion current density.{,) and the corrosion rat&/,,) derived
from these crves are given in Table 2.
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Figure 3. Tafel polarization curves of mild steel samples deposited withlZMg-RE coatings, (a)
Zn, (b) Zr5%Al, (c) Zn5%Al-0.1%RE, (d) ZFE%AIl-1%Mg-0.1%RE, (e) Zrb%Al-2%Mg-
0.1%RE, (f) ZrR6%AI-3%Mg, (g) Zr6%AI-3%Mg-0.1%RE.

It is evident from Fig. 3 that the corrosion potential has been shifted towards less negative
values for the Z#Al coatings developed in the presence of Al. Among the relevant studies, the
substrate with Z#Al coatings prepared from haip baths hashown the lower corrosion current
density and the lower corrosion rate which means the more positive corrosion resistance [26]. Those
could be attributed to the formation of eutectic group or the hypereutectic structure composed of
primary Al-rich phase ashthe reduction in the columnar-#Z& compound content. As shown in Fig. 3,
the extent of shift ifEqo . is largely a function of the rouggmdtumble in alloy coatings.
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The polarization curves of coatings which are developed in the presence of magaegjing
from 0 mass% to 3 mass% show some marked difference compared to coatings developed in the
absence of Mg. A larger shift dE.or and l¢or in the positive direction is observed when the
concentration of Mg increases from 2 mass% to 3 mass%. Tisfana come from electrochemical
corrosion to the substrateis hindered by the protection of ternary alloy layer between the substrate anc
the electrolyte. Those coatings are generally denser and finer than others, which will decreases the
average polarizain corrosion rate considerably. The decrease in the corrosion current-ArMg
series clearly indicate that the coating is more uniform and less cracks than the zinc-A&Ind Zn
coatings. The polarization curve emphasizes the effect of Mg on the oarresistance of ZAl-Mg
coatings developed on mild steel substrate. The optimum concentration (3 mass%) in the alloy bath
leads to the denser morphology which results in the formation of the multiphase structure-with Zn
MgZn, binary eutectic and ZAl dendrites, or ternary eutectic ZW-MgZn, and dendrites crystals
[27]. The significant changes of polarization parameters are arriving at the polarization zone per unit
area in meantime depending on the small amount of rare earth element.

With help of potetiodynamic polarization, corrosion raté&.{;) are measured as seen in Table

Table 2. Corrosion rate \(corr) and lcorr, Ecorr for mild steel samples coated with different content
obtained in the 3.5 mass% NaCl at room temperature.

Sample Ecor lcorr AnodeTafel slopes CathodicTafel slopes
mass% (V VS SCE) ( Alcm?) (V/decade) (V/decade)
(a)pure Znic -1.079 1. 4187 0.038 -0.405
(b)Zn-5%Al -0.935 1.00617 0.011 -0.658
(c)Zn-5%Al-0.1%RE -0.947 6. 7211 0.008 -0.251
(d)Zn-5%Al-1%Mg- ] 57 ]
3 10LRE 1.35 4. 367 1 0.019 0.313
()Zn5%Al-2%Mg- i B ¥ i
S 0LRE 1.072 0. 7881 0.019 0.281
(HZn-6%Al-3%Mg -1.013 0. 4137 0.008 -0.227
0, -0, -
G 11.228 0.278] 0.039 -0.176

0.1%RE

Due to the eutectic and dendrites group on the surface -&l-Bhg coaings, it displays a
better corrosion resistance than the coatings without Mg. Those indicate that these coatings prevent a
much as possible reactions at its interface in alloy baths. More importantly, according to the different
anodic/cathodic Tafel slgs of coatings, the Z8%AI-3%MgRE exhibits the effective corrosion
resistances. Comparing with the different coatings, th6 AAIl-3%Mg-RE itself own the losk.r and
Veorr due to the formation of effective multiphase structure.
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3.3.2. Electrochemidampedance characteristics

5071

Comparison of Nyquist plots of Zn, ZW alloy and ZrAI-Mg-RE coatings in 3.5% NaCl

have been shown in Fig. 4.
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Figure 4. Electrochemical impedance curves of mild steel samples deposited with-Mg-RE
coatings, (a) Zn, (bZn-5%Al, (c) Zn5%AI-0.1%RE, (d) Zm%AIl-1%Mg0.1%RE, (e) Zn
5%AI-2%Mg-0.1%RE, (f) Zr6%AI-3%Mg, (g) Zr6%AI-3%Mg-0.1%RE.

It is clearly found that the size of the curves is increased with increasing magnesium content in
the alloy bath from 0 to 3 mass%his indicates the significant increase in the polarization resistance
of those alloy coatings in 3.5% NaCl as presented in Fig-(¢faWwhich means that the corrosion
resistance of samples with A1-Mg-RE coatings is improved [28,29]. With the redaatiof
aluminum, the diameter of the semicircles decreased which means the decrease in the barrie

protection.

According to EqQ.(1) and thartificial circuit (2) and (3), the charge transfeesistances of
electrode reactionR) has been obtained from Nyquist polt by fitting the data using PowerSuite
software are given in Table 3. Furthermore,ahéicial circuit (2) was used for the Nyquist polt of (a)

Zn, (c) Zn5%AIl-0.1%RE,
artificial circuit (3) was used for others.

() Zr6%AI-3%Mg and (g) ZB%AI-3%Mg0.1%RE and the
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nF iy (1)

(2)

Ct (3)

The charge transfer resistances of electrode read®gmnhich As Al content increasing to 5
mass% in ZrAl bath results in the reduction of micro cracks which lead to the additi@eutettic
group at the coatings surface, and those phenomenon lead to improve the corrosion resistance
However, they have some disagreements with the results of polarization measurements.

Table 3. The charge transfer resistance of electrode reacRgnfor samples coated with different
content obtained in the 3.5 mass% NaCl at room temperature.

Charge transfer resistanc

Sample Rc , Cul , (Re)
0, . . ct,
mass% (gLl m (s cH ( o L3 m
(a) pure Znic 4.852 11.76 156.8
(b)Zn-5%Al 4.686 14.42 208.4
(c)Zn-5%AI-0.1%RE 4912 8.97 237.1
(d)Zn-5%Al-1%Mg-
0.1%RE 4.384 18.72 270.8
(€)Zn5%Al-2%Mg-
0.1%RE 4.496 16.94 264.2
(HZn-6%Al-3%Mg 4.108 19.85 295.6
0, -0,
EATSIA SN 3.985 21.32 297.3

0.1%RE

Because of the corrosion product and the reactant will be transported dieng
electrochemical corrosion reaction, the reaction resistance is improved with increasing magnesium
content as seen in Fig. 4. The protective effect of alloy coatings will be greater when optimum
concentration of magnesium is included in theAdrMg bah by supporting the formation of the more
multiphase structure in coatings. According to the different Nyquist plots of coatingB%Zh
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3%Mg-RE exhibited the largest charge transfer resistasfcelectrode reactionR) due to the
formation of effectie multiphase structure. The multiphase structure witMg#n, binary eutectic

and ternary eutectic ZAl-MgZn, will be formed during the addition magnesium to 3 mass%, thereby

it displays a better corrosion resistance than the other coatings. As wetheovarrosion potential

(Ecor), corrosion current densityc4r), corrosion rates\o;) and charge transfer resistance of electrode
reaction R.) are widely used to characterize the electrochemical propertiesAf-Eig-RE coatings.
However, theE.o, is chaotic and does not have the welhanized relation with the changes of Al and

Mg. Furthermore, all those parameters are fussy and complicated to express the different
electrochemical corrosion properties with different contentAFMg series coatigs. More
importantly, we aim to obtain a kinetic relationship between electrochemical parameters and the
changes of coatings surface in corrosion process.

3.4. Coatings micromorphology after electrochemical corrosion

The coatings micromorphology imagesf &n-Al, Zn-Al-Mg series coatings after
electrochemical corrosion were shown in FidtSs observed that the dissolution of coatings surface
has happened. Zn coating surface has been widely corroded which has been shown in Fig. 5(a)
Comparing with ZPAIl series coatings, Zn coating tend to be corroded much faster and heavier. The
increasing degree of crystalline coverage and reducing of the size of the zinc crystals will promote the
corrosion resistance properties of coatings layer, which can been fouhd surface changes after
corrosion as shown in Fig. 6(b). With the addition of rare earth elementAi Eath, the number of
etch pit have been significant reduced by comparing the surface states differenéeeflZand Zn
5%AI-RE in Fig. 6(b) andd). However, there are some deep etch pits in the surface %A series
coatings, which may lead to the further corrosion. Those characteristics could result in the poor
corrosion resistance of ZBP6Al series coatings. Due to the conversion of tereatgctic reaction by
adding magnesium, the corrosion resistance has been remarkable improved and remained uncorrode
after electrochemical corrosion. Fig. 6(d) and (e) show the changes in micromorphology of the outer
layer with corrosion for botdn-5%Al-1%Mg-RE andZn-5%AI-2%Mg-RE coatings.
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Figure 5. SEM images of ZrAl-Mg-RE coatings surface after Electrochemical corrosion, (a) Zn, (b)
Zn-5%Al, (c) Zn5%Al-0.1%RE, (d) ZF6%AI-1%Mg-0.1%RE, (e) ZF6%Al-2%Mg-0.1%RE,
(f) Zn-6%AI-3%Mg, (g) Zr6%AI-3%Mg-0.1%RE.
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As shown above, the denser and larger crystal clusters of coatings with 3 mass% Mg in Fig.
6(f) and (g) lead to the corrosion resistance improvement. The larger size of ternary eutédtic Zn
MgZn,, Al dendrites and more uniform ternary eutecthicrostructure have been preserved by
comparing with Zr6%AI-3%Mg and Zr6%AI-3%MgRE. Those lead to the ZP6AI-3%Mg-RE
exhibit effective electrochemical corrosion resistant.

3.5. ThreeDim Optical microstructure

a b

Figure 6. 3D Optical Microgsopesimages of ZprAI-Mg-RE coatings surface aft@lectrochemical
corrosion measuremenfa) Zn, (b) ZrR5%AI, (c) Zn5%AI-0.1%RE, (d) Zrb%Al-1%Mg
0.1%RE, (e) Zrb%Al-2%Mg-0.1%RE, (f) ZR6%AI-3%Mg, (g) Zr6%AI-3%Mg-0.1%RE.
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Fig.6 shows the surface micrnsttures changes in characteristics for different compositions of
the coatings using the-[3 optical profilometry after electrochemical corrosion measurement. All
figures are organized to illustrate the changes between independent samples coveringfébnarea
by 5mm. The colour zones displayed in the figures indicate distance from the lowest point within the
pits, as shown by shades of blue, to the highest point, as shown by the reds.

It is observed that the dissolution of coatings surface layer hagdlesmplace during anodic
polarization and cathodic polarization. At the same time, the porosity has been increased, which will
ultimately result into corrosion of the electrolyte. The dark parts are the preferentially corroded areas
of Zn coating in Fig6(a). It is clearly seen that this coating tend to corrode much faster and heavier
than the ZpAl coatings shown in Fig. 6(b) and (c). With increasing the content of Al to 5 mass%,
corrosion has been initiated at the bound areas between zinc crystatschust eutectic group, or
primary Zincrich phase antypoeutectic structure, or primary -Athphase and the hypereutectic
structure [30]. The increasing degree of crystalline coverage and reducing of the size of the zinc
crystals promote the corrosiomsistance properties of coatings layer, which can been found in the
changes of surface corrosion roughné®$ 4s shown in Table 4. A significant effect which is caused
by addition of rare earth element in the-ZRRE bath has been observed comparindgy wite surface
states difference of ZB%AIl and Znr5%AI-RE in Fig. 6(b) and (c). According to the conversion of
ternary eutectic reaction to improve the corrosion resistance by adding magnesium, corrosion takes
pl ace oA krystals and their periphgr However, the ternary eutectic structure remained
uncorroded. Fig. 6(d) and (e) show the changes in microstructures of the outer layer with corrosion for
both Zn5%Al-1%Mg-RE and Zr5%Al-2%MgRE coatings. The decrease in pits represents the
improved corosion resistance due to the conversion of ternary eutectic reaction through increasing
magnesium content.

The crystal clusters of coatings obtained from theAZ43 mass% Mg alloy baths are denser
and larger than others according to the SEM microstruclirese surface structures have effective
corrosion resistance capability as presented in Fig. 6(f) and (g). With the larger the size of the
multivariate eutectic structures, the -B#0AIl-3%Mg-RE itself own the lowest surface corrosion
roughness K;) and exlibit the most outstanding surface morphology. As the further corrosion
proceeding, the strong AMgZn, binary eutectic, Z#Al dendrites and zones of ternary eutecticAn
MgZn,, Al dendrites maintain the almost original structure. Accordingly, the incatipa of 3 mass%

Mg and 0.1 mass% rare earth element in to théAZMg-RE bath has remained crystal unchanged

and also helped to achieve effective surface corrosion resistance ability. However, the relationship
between electrochemical parameters andaserfcorrosion roughnesBy] of coatings surface after
electrochemical measurement has not been established in previous study which may reflect the
changes in the different stages of corrosion.

3.6. Kinetic relationship

Through the classical electrochemlioneasurement and surface morphology analysis, the
corrosion properties of ZAl-Mg-RE coatings have been well explored. Based on the difféggnt
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Veorn Ret, @andR, during the electrochemical corrosion process, the inverse linear relationship between
R.t and R, has been established to reveal the corrosion connection of the initial uncorroded coatings
and microstructures changes in characteristics for different coatings during electrochemical corrosion
process.The higherR. represents the better elexchemical corrosion resistant properties and the
complex effects on the corrosion resistant ability due to the formation of multiphase structure-with Zn
MgZn, binary eutectic, ZfAl dendrites and ternary eutectic -Ah-MgZn, and Al dendrites as
mentioned above More importantly, R shows the inverse relationship with surface corrosion
roughnessR,) of coatings as increasing Al and Mg content. The relationship betReand R;; for
different compositions of the coatings is shown in Fig. 7. With therl&yehe corrosion resistance
ability of alloy coatings surface will be better. However, with higRgr electrochemical corrosion
resistant properties of different compositions of alloy coatings will be relevantly enhanced.

Generally, the different coamts of alloy coatings have direct connection with their surface
microstructure and electrochemical properties. However, the complexliotkess relationship via the
corrosion reaction and the cumbersome polarization, impedance analysis in electroot@musein
process do not help us to understand the dynamic connection between initial electrochemical corrosior
parameters and finally corroded coatings surface characteristics. It is considered that the negative
linear relationship betweeR;; and R, represents the crosslinking effects on the independent different
corrosion process from the initial uncorroded surface to the corroded microstructure during the
electrochemical measurement.

Figure 7. Relationships betweeR:, R, and the different composins of ZnAl-Mg-RE series
coatings.



