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Introduction

Magnesium & a lwrative engineering material for the automotive and aviation sectors alke due to its excellent
specific strength and castability. However Mg alloys are curently limited by poor corasion resstance. Ths work
investigates high pressure die cast (HPDC) alloys of binary rare-earth (RE) compositions in order to assess the

effectofindividual Ce,Nd and La in varicus concentratiors.

Experimental Method

Alloying: Commercialy pure Mg melt was formed under the protection of AM-
cover (02wt% tetrafluoroethane and 99.8wt% nitrogen gas) and gproximately
S5ppmBe from a Al-5Be master alloy. Alloys were hich-pressure die cast by
Toshiba 250tcold chamber machire. Ram velecity of 2.25m/s was used with a

maximum pressure of~120MPa and a biscuitsize of40mm. Shot time ~600ms to

fill the die cavity;and as a resultofsuch rapd cooling rates, the microstructure of
the castings is assumed to be uniform. Alloy composition was determined by ICP- Fig ure 1. Electr ochemic al Rat c ell
AES (Table 1).

Electrochemical measurements: Electrochemtalflat-cell (Figure 1) and micro-
cellwere conrected to PAR 3Z potentiostat. Stable OCPwas established within
10mins and potentiodynamt polarsation scanned at1mV/s from 100mV<OCPto
i=10mAlCm?.

Imaging: Phillips XL-30 SEM (Figure 2) in BSE mode.

Fig ure 2. Phillips XL-30 SEM

Results

Each alloy was found to contain rare earth rch intermetallics within an a-Mg matrix, determined by TEM and
summarised in Table 2. SEM imaging was carred outin BSEmode to reveal compositional contrastofrare earth
intermetallics with respect to the a-Mg matrix. Figure 3 shows the effect of rar earth alloying on the
microstucture of Mg. It can be seen from these images that increased weight percent of rare earth additon
increases the volume fraction of the rare earth intermetallics. Micrecell techniques facilitate potentiodynamic
polarisaton scanning of isolated phases (Figure 4) which demorstrate the noble nature of the respective
intermetallics compared to Mg. This is further illustated by a shift in electrochemical potential caused by the
presence of more noble rare earth intermetallics in an active Mg matrk (Figure 5) and swsequent influence of
cormsion kinetics (Figure 6).

Tabl e 1. Elemental data of Mg -RE alloys det emi ned by ICP-AES. Tabl e 2. Structur al det ails and densities of ra re- eart h inte met allics

Alloy Series  Lawt% Cewt% Ndwt% Intermetallic Mg,,La  Mg,,Ce  Mgs;Nd
1 051 053 047 Crystal Stucture 126 126 cF16
2 094 093 076 Latlice Parameters ~ a=103 a=1033 a=0741
3 171 148 125 (nm) c=059 c=0596
4 344 287 260 )
Density @/cm®) 227 225 356
5 507 476 353
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Fig ure 4. Pote ntiodyn amic p olarisatio n
scans of int em efallics.
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Fig ure 5. Pote ntiodyn amic p olarisatio n scans Figure 6. Comosion current of alloy as a

of Mg -RE alloys.

function of volu me % inter metallic.

Figure 3. SEM (BSE mode )ima ges: (a) Mg-0.53Ce (b) Mg 4.7 6Ce (c)Mg 0. 51La (d) Mg5 07L a (e) Mg 0. 47Nd

Potentiodynamic polarisation scars reveal two key electrochemical parameters:E,,, and i;,,. The corrosion potential (E;,)
gives a rlative measure of the thermodyramic stability of the surface and the corosion curent dersity (i) gives a
measure ofthe rate of the corrosbn reaction. Both parameters were found to be influenced by weightpercentaddition to
pure Mg ofeach respective rare earth element(Figure 7).
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Figure 7. Varation of elec troch emical parameters Eoor andiqor With wi% rareearth: (a) MgC e series (b) Mg-La seres (c) Mg-Nd

series

Discussion

Q This wak represents a detailed investigation into the effects of Ce, La and Nd additons on the corasion
behavbur of HPDC alloys. Electrochemical characterisation ofindividual phases has been achieved.

Q Additions of Ce, La and Nd elements to commercial purity Mg form steble intermetallic species; Mg,Ce,
Mg;,La and Mg;Nd respectively. These phases affectthe cormsion behaviour ofthe alloy.

Q Intermetallics formed by the addition of rare earth elements present a mare noble phase within an active
matrix. This leads to micro-galvanic coupling between intermetallic and matrix. Increased galvanic cowpling
enharces the overall corosion rate ofthe alloy.

Q Consequently,increased volume percentofeach respective intermetallic, and therefore increased cathadic
activity, progessively increases the corsion curent density (i) of the respective alloy with increasing
weightpercentofalloying addition.

O This work aims to serve as a design toolin the developnentand assessmentof HPDC alloys.
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Future Work

Q Investigate combned effects ofrare-earth elements in ternary alloysystems.

O  Integrate this knowledge into rational alloy design.
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