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Magnesium alloy development challenges the scientist & engineer 360°
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e.g Inner door panel, pillar structures

- Wrouaht products (formabilitv)
- Structural casting alloys (ductility)

Requires new alloys and processes
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CURRENT USE: INTERIOR #"
COMPONENTS
e.g.Instrument Panel,

steering wheel
- Stiffness, high ductility

- Energy absorption
AM alloys
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q eg. Wheel, suspension arm

SHORT TERM : POWERTRAl - Strength

e.. Transmission case, engine parts - High ductility, fatigue

- Corrosion resistance
Requires new alloys

- Creep resistance (150- ZOOC)

- Yield strength
- Corrosion resistance

- Mg-Al-RE & Mg-Al-Si
Requires new alloys




ALLOY TYPES NEEDED IN THE SHORT-TO-MID-TERM

CASTING ALLOYS

- Creep resistant (175 C or above) _ 1990s-0-present

- Improved castability (thin-walled)

\ New challenges

WROUGHT ALLOYS

- iImproved formability, rollability,
workability at room temperature

- corrosion resistance

- low cost Processes



tensile yiela streng;
at and above
150°C,
castability
and others....
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ALLOY Creep resistance ] :] m%‘&:”;‘&m
TRADITIONAL ALLOYS - :z .

AS41 medium §

AS?21 medium g :::

AE4?2 good up to 150C 60 = AZ91D
AEROSPACE ALLOYS i ,4541/,:

WE42 High (200-250C) ‘e 0k m A A a

B 1990s to 2003: alloy development activities in North America, Europe,
Israel, Australia, China, Japan
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P RESISTANT ALLOYS (HPDC)

ALLOY DESIGNATION INVENTOR STATUS / COMMENTS
Mg-Al-Si AS41 (Mg-4Al-1Si) VW Commercial
AS21 (Mg-2Al-1Si)
Mg-Al-Si (RE) AS21x Hydro Mag. PATENTED
Mg-Al-RE AE42 (Mg-4Al-2 RE) Dow Commercial
Mg-Al-Ca AX51 {Mg-5Al-(.2-.8)Ca} I'T™M WQ096/25529 (1995), PD*
Mg-Al-RE-Ca AEX Nissan-UBE EP 0799901 A1 (1997) NK**
ACMb522--(Mg-5AI-2RE-2Ca) Honda EP 0791 662A1 (NK**)
Mg-RE-Ca (Mn) EX {Mg-(2-5)RE-(0-1)Ca} MEL WQ096/24701 (NK**)
Mg-Zn-Al-Ca ZA X850 IMRA US 5855697 (1999)
Mg-Al-RE-Ca (Sr) | MRI 153, MRI 230D DSM-VW US 6139651 (2000)
Mg-Al-Sr AJ {Mg-(2-9)Al-(.5-7)Sr} Noranda US 6322644 (2001)
Mg-Al-Ca-Sr AXJ {Mg-5Al-(2-3)Ca-0.07Sr GM US 6264763 (2001)
Mg-Al-Sr-Ca AJX {Mg-(2-9)Al-(.2-.6)Sr-(.15-.3Ca) | Noranda US 6342180 (2002)

* PD: public domain

** NK: status not known




MG ANECEVATIGY SIBYAITM (INTERMAG)-1995-96

DATE OF COMPOSITION (wt%)
APPLICATION / : CLAIMS
ORIGINATOR A\ Zn Mn RE Ca S
) Alloys with composition to give AloCa precipitation
1996 - ITM Inc 2-6 0.1-0.8 good creep resistance (W096/25529)

SESeUrces i King) “Developmentoriviagnesium DiecastingAlloys;” Magnesium Alloys and their Applications, B.L. Mordike, K.U. Kainer, Eds,
IO OIRS[IRISOIED 10y VOIKSWAGEN...... AL O0E; 1. 43 ]

CREEP EXTENSION (%)
150°C, 35 MPA FOR 200 HOURS

ALLOYS

AX508| AX51(AZ91D

CREEP EXTENSION (%)

Very good properties but
Castability issues
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AJ52x
AJB2X

o . Al 390alloy insert
o-Mg and

Type A
Type B

intermetallics

BMW hybrid engine block

S-4700HQ 5.0kV 12.2mm x20.0k YAGESE 9/21/1990 09.48 2.00um
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= Craag invaly il \Vatedirecovery processes: dislocation motion,
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STrESS and/ofthermaliy: *}L ced precipitation from the
SupersattiratedNaimearn. phase (e.g. Mg,-Al,,), or through
decomposition ormterma- ics (in AE alloys)

whiec r*]l]'ta""‘ grainrnoun migration
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- Hence we need to p event this type of pptn
=

Creepm/uce/
My, Al pptn

- Use metallurgically stable precipitates in alloy design

For higher temperatures: more strategies
and alloy phase diagrams need to be

s i
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1990 UseE

Nt NP SN -

AJMg—AI-Sr) alloys in the BMW engine block
(in all 330 and 630 series coupe models)



IGyAdevelopmient project that led to commercialization
Ad alloy for ctigmoiie gaiySaieeiii]

N P OHERCEGINNIBIRRGIIEHEETEXPOSUNE to Industry problems, issues (research inst.)

) GliaSpIol PEromancCeENEquIre!

e Creep resistance (tensile & compressive) up to 175°C (min creep rate)
e Bolt-load retention up to 175°C (50% min)

e Metallurgical / thermal stability

e Tensile yield strength up to 175°C (100 MPa)

e Fatigue resistance (fatigue limit at 175 ° C : 45 MPa min)

e Ultimate tensile strength up to 175°C (130 MPa)

e Salt-spray corrosion resistance (0.1-0.25 mg/cm?/day)

e Elongation (min 3% at room temperature)

e Acceptable diecastability (comparable to AM or AE)
e Acceptable cost (5-10 ¢over alloy prices)

e Availability of raw materials

e Alloy production (compatibility with plant processes)
e Melt handling (oxidation, sludge formation)

e Recyclability
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Alloy development and patenting: 1 year

(creep resistance above 150C
Stable Al-Sr intermetallics,
control of Al/Sr ratio prevents Mg, Al , pptn)

Evaluation & casting process
development, recycling, reliability,
supplier certification,

carried out jointly with the

alloy company and

the automotive company

(internal foundry) : 2 years

Commercial production: 4t year

* Important to maintain expertise in the form of institutes, clusters

* Important to maintain positive perspective on challenges



Wihaiaelic | lloy developers ?
siRENTEnRellGYAONIE commeEreialized In the short-to-midterm

—\VVeneeusoNic\eEamulifgie: the performance requirements,
e UStR/AC Jstrajnts, TEe] havier of Mg before we start alloy
fle\/elogmemr project we L

BuilaraNmuiel Rl teains (rrmujﬁca | lals science and
ZngiReerne;applicailiens, production, manufacture, supply)

't very close to the industry, listen to them
continu ouDJy_ -

- Once you have done that, do not listen to the traditional experts, follow
your own train of t oughrBe creative...

*|f we want to contribute to the knowledge base

- Study creep behavior and creep mechanisms, alloy phases, equilibria



SISIFANNFMAGNESIUM GRAVITY CASTING ALLOYS

r-nox, ZE41
1) COMMERCIAL AEROSPACE ALLOYS o mgusnzs

.Y, R.E. (Ce, Nd), Ag, Cu, Zn CONTAINING ALLOYS‘
. WE43, WE5S4, QE22, ZE41, ZC63, RZ5, ZRE1 *

2) NEW DEVELOPMENT FOR AUTOMOTIVE

MEL and DSM ALLOYS
NEW Yttrium CONTAINING ALLOYS
Silicon CONTAINING EXPERIMENTAL ALLOYS



VIAGNESIUM GRAVITY CASTING ALLOYS

hypereutectic

ALLOY DESIGNATION COMPANY / RESEARCHER STATUS / COMMENTS
Mg-Y-RE WEA43, WE54 MEL Commercial
Mg-Gd-Y-Zr - Prof. Kamado Experimental
Mg-Y-Zn-Zr - Prof. Mordike Experimental
Mg-Y-Zn-Nd-Zr - Prof. Mordike Experimental
Mg-Zn-RE (Zr) ZEA1, EZ33, ZE62 MEL Commercial

MEZ (2.5RE, 0.5Zn) MEL US 6193817 (2001)
Mg-Zn-Cu (Mn) ZC63 MEL =
Mg-Si (Al,Ca, RE) S. Beer et al Experimental

Mg-Al-Si-(Ca)

ASX410

M.Pekguleryuz et al

Experimental

MRI 201S, MRI 201S

DSM-VW




VIOBIEICATHONIGEIVIGEAIFSTALILOYS FOR GRAVITY CAST APPLICATIONS

MODIFICATION OF AS41 ALLOY WITH TRACE
CALCIUM ADDITIONS (ITM, 1993)

* CHINESE SCRIPT MORPHOLOGY OF THE MG,SI
PHASE LEADS TOLOW DUCTILITY WHEN GRAVITY
CAST

« WHEN DIECAST ALLOYS, THE HIGH FREEZING RATE
REFINES THE CHINESE SCRIPT IMPROVING THE
DUCTILITY

* O0.05-0.1WT %Ca ADDITIONS TO GRAVITY CAST AS41
REFINES THE CHINESE SCRIPT AND IMPROVES THE
DUCTILITY




OPMENMIT OF NEW Mg CASTING ALLOYS
TURAL CASTINGS

Alloyreornoositions stk leEiefie)

= [mpreVessmoeld/aiesiimg (oW surrace t
| OVVAVAISCOSIILY appropIiate
freezinofrcneesow liguidis)

»

- Improved duectiii

- Fluidity
- Melt cleanliness
- As-cast microstructure
- Hot-tearing

- Thermal properties




NEWSCHAIT ENEGESSIDEVEITOPMENT OF NEW WROUGHT Mg ALLOYS

ANBYACOMPOSIENSIShoUlaNead o

emaRlimveIEesin almederatetemperatures below 400C
SilEn g thrceNonei AN eom temperatur

COMOSIon ESISTANCE
MiaSSHEIeOUCTIonN: at oW coSst _
VigblEfhERnemeEchanical PrOCESSIng for Sheet
Vigle forminof tECNGIogY/ ol ex %]or
Vianlejoiming

Chall

Uctuy
etry

- High crltlc resolved sk
C

- Lack of in depth und

- Lack of industry-research
In this field

- Only one or two viable sheet alloys (AZ31)

- Moderate corrosion resistance of wrought alloys

- High cost of sheet production

stress of non-basal slip systems below 250C
rL-'. g of deformation mechanisms in Mg alloys
operation and international programs

J
&



VIENT RESEARCH IN CANADA

- CR | vle) SiF] _
- CREIONIMUL TICONMPONENAFALLOY J(Jr EMS (Prof. R. Gauvin)

- INDUSTRIAL RESEARCH CHAIR JJ \ AUTOMOTIVE LIGHT METALS AND
ADVANCEDIVIGHV A [ERIALS (Prof. M. Pekguleryuz)
(Wrretgiht alleysSyphneaserdiagram Jzuc '

&

ECOLE POLYTECHNIQUE
- CRD ON r\LLi) Y PHASE EQ

DE MONTREAL
UILIBRIA (Prof. A. Pelton)

F@ﬁ(Prof. M. Medraj)
CANMET -MTL

-MG SHEET, ALLOY PHASES

-
CONCORDIA UNIVER
-ALLOY PHASE EQUILIB
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