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COMPRESSION BEHAVIOUR OF MAGNESIUM-EUTECTIC MIXTURE
LAYERED COMPOSITE

Magnesium-eutectic mixture (Mgi7Al12 and solid solution of aluminium in magnesium) layeed composite has been pre-
pared by sintering magnesium and aluminium sheetsSamples of the composite with different thicknessatio of the magne-
sium layers to the layers containing eutectic mixtte were examined in the compression test. Experimemwas performed to
compare the strain behaviour and strength propertis of composites loaded parallel or perpendicular tthe layers. Accord-
ing to microscopic observations in both cases cradhitiation occurred in the layers of eutectic mixure. Cracks were spread-
ing along or across the layers depending on the Idalirection. The composites loaded parallel to lays exhibit extremely low
plasticity because with cracking of layers contaimig eutectic mixture, catastrophic fracture of speenen was observed. Com-
posites compressing perpendicular to layers show e plastic flow to failure despite splitting of theeutectic mixture layers.
In this case cracks of layers containing eutectic ixture were arrested at the magnesium. With increas of thickness ratio
layers containing eutectic mixture to layers of magesium increases the yield strength of compositd3uring compression test
delamination of the layers of composite was not obsved.
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KOMPOZYT WARSTWOWY MAGNEZ-EUTEKTYKA ODKSZTALCANY W PROBIE SCISKANIA

Kompozyt magnez-eutektyka (mieszanina faz MgAl12 i roztworu statego aluminium w magnezie) zostat wkonany po-
przez spiekanie arkuszy magnezu i aluminium. Prébkkompozytu o réznym stosunku grubdci warstw magnezu do grubéci
warstw o strukturze eutektyki poddane zostaty prébeé sciskania. Badania przeprowadzono w celu poréwnaniaechanizmu
odksztatcenia i whasnéci wytrzymatosciowych kompozytéw obcizanych réwnolegle i prostopadle do warstw. W obydwu
przypadkach inicjacja peknigé nastepowata w warstwach faz o strukturze eutektyki. Rkniecia przebiegaty wzdtd lub w po-
przek tych warstw w zalenosci od kierunku obcigzenia. Kompozyty obcizane réwnolegle do warstw charakteryzowaly si
wyjatkowo niska plastyczndicia. Pekniecia pojawiajace s¢ w warstwach o strukturze eutektyki powodowaty natghmiastowe
zniszczenie probki. Kompozytysciskane prostopadle do warstw o strukturze eutektykwykazywaty niewielkie odksztalcenie
plastyczne pomimo gknieé pojawiajacych se w warstwach o strukturze eutektyki. W tym przypadku pekniecia warstw
eutektyki blokowane byly na granicy z magnezem. Sterdzono wzrost granicy plastycznéci kompozytéw wraz ze zwgksza-
niem sk grubosci warstw o strukturze eutektyki w stosunku do grulmsci warstw magnezu. Podczas prébyciskania nie za-
obserwowano delaminacji kompozytu.

Stowa kluczowe: kompozyty warstwowe metal-fazy mgdzymetaliczne, magnez, probéciskania

INTRODUCTION

It has been shown in the last years that layeregquence was heated at pressure to obtain initiat d
metal-intermetallic phases composites can be pedpaision bonding between metals. Process at the magne-
by reactive sintering alternately stocked foils tafo  sium-aluminium interface that was passing with the
different metals [1-7]. Basing on this method the Nliquid phase contribution at the temperature°@%as
-intermetallics [1-3], Fe-intermetallics [1-3], Triter- prolonged till all the aluminium sheets were fullx-
metallics [1-6] and Cu-intermetallics [7] layerednt- hausted and transformed together with part of magne
posites have been fabricated. Method of intermetallsium sheets into a liquid phase. After of the lijphase
phases synthesis from two elemental metals we weselidification composite with layers of magnesiunda
used for formation of Mg-intermetallic (magnesiumiayers containing product of Mg-Al reaction wasabt
-aluminium) phases composite. Pocket of magnesiuned. This fabrication method allow to prepare cosiypo
and aluminium sheets that were stocked in altergatites with any thickness ratio of the magnesium kyer
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the layers of magnesium-aluminium phases. Detaits ¢
cerning formation of the composite are given in |8]
this work results of compression test of the coriipos
were presented. To obtain essential informations co
cerned mechanical behaviour and failure mode, sssnpl
of composite were loaded parallel and perpendidolar
the composite layers.

EXPERIMENTAL PROCEDURE

Using method that was presented above composite! \
with the thickness ratio of the magnesium layerthto
layers of the magnesium-aluminium phases 5:1, 1.2:1"

and 0.3:1 were prepared. It was found previous gig. 2. Microstructure of the composite layer camiteg eutectic mix-
prep P ]y [ ture. The thickness ratio of the Mg layers to yets containing

that dominant part of the microstructure of synithexs eutectic mixture 1.2:1
layers of composite is the eutectic mixture of th@ys. 2. Mmikrostruktura warstwy faz magnezowo-altimirych w kompo-
Mg1-7Al 1, compound and solid solution of aluminium in zycie o stosunku grukoi warstw magnezu do gruim warstw

magnesium. Microstructure of the composite with the  ©strukiurze eutektyki 1,2:1

1.2:1 thickness ratio of the magnesium layers yerka
of the magnesium-aluminium phases is shown in Fig- a) b)
ures 1 and 2. Also thin layers of the solid solutio p p
of aluminium in magnesium (markedin Fig. 2) in the ¢ ¢
neighbourhood of the magnesium layers of composi-
te were revealed. It should be added that the tsteic
of synthesized layers of composites was independent ﬁP fP
of the thlckne_ss ratio of the Sta‘.rt'”g Mg and Adets. Fig. 3. Loading configuration: a) compression patab the layers of

Compression test was carried out at the room tem- composite; b) compression perpendicular to thertapé com-
perature using an INSTRON testing machine. Cubic  posite

gamples with dimension of 10 mm were deformed &Us. 3. Schemat okgeenia: a) obcizeniesciskapce réwnolegte do warstw
a strain rate of 5.5 - 1405‘1 kompozytu; b) obeizeniesciskapce prostopadidowarstw kom-
’ ’ pozytu

RESULTS AND DISCUSSION

Mechanical behavior and strength properties of mag-
nesium-eutectic mixture phases composite were gtron
ly dependent on the compressive loading directimh a
on the volume fraction of the eutectic mixture one
posite expressed by the thickness ratio of the mwagn
sium layers to thickness of the layers containingee
tic mixture. Figure 4 shows load-displacement csia®
received from the compression test for load dioecti
parallel to laminates. The yield strength correspon
ing to the thickness ratio of Mg layers to the layeon-

) _ ) _ taining eutectic mixture 5:1; 1.2:1; 0.3:1 are 628,
Fig. 1. Microstructure of the layered compositetwtite 1.2:1 thickness

ratio of the magnesium layers to the layers of fegnesium- 194 MPa respectlvely. . .
-aluminium phases The damage mechanism for all the composites com-

Rys. 1. Mikrostruktura kompozytu warstwowego o stdes grubéci  pressed parallel to layers was similar. Figure &ash
warstw magnezu do grulm warstw faz magnezowo-aluminio- frgctured sample with thickness ratio of the Mgelasy
wych wynoszcym 1,2:1 to the layers containing eutectic mixture 1.2:1adks

observed in synthesized layers of composite arpgaro
The samples were loaded parallel and perpendiculgaiting parallel to the load direction or are rugnit

to the layers direction (Fig. 3). Lateral walls sgfeci- some angles to the load direction (Fig. 6). Thagerk

mens were mechanically polished to observe sligera of composite are stiffer compared to magnesiumraye

by means of a light microscope. Also scanning sdect so that they are carrying all the load until fraetuTill
microscope JSM 5400 was used to the cracking exartiie global fracture of specimen, only very limifglds-
nation. tic deformation can be initiated in some magnesium
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grains of preferred orientation. Catastrophic freetof It should be noticed that composites were deformed
the specimen involves severe plastic deformatiothef without any delamination at the magnesium intexfac
magnesium layers localized in the vicinity of tmack Absence of delamination indicates on very good bond
ture (Fig. 5). Sudden drop of the load, especifdly ing between the magnesium and layers that were syn-
composites with the thin of magnesium layers was othesized from magnesium and aluminium metals.

served (Fig. 4).
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Fig. 4. Load-displacement curves for compositeh it thickness ratio

of the Mg layers to the layers containing eutentigture 5:1 (a),
1.2:1 (b) and 0.3:1 (c). Compression parallel ® ltyers of the
composite

Rys. 4. Wykresy sita-przemieszczenie dla kompozytdstosunku gru-
bosci warstw magnezu do grufm warstw zawierajcych eutek-
tyke 5:1 (a), 1,2:1 (b), 0,3:1 (c). Prébki bydgiskane réwnolegle
do warstw kompozytu

Fig. 5. Micrograph of the sample stressed par#dlehe layers of com-
posite. The thickness ratio of the magnesium lajetse layers
containing eutectic mixture 1.2:1

Rys. 5. Mikrofotografia prébkiciskanej rownolegle do warstw kompo-

zytu. Stosunek gruBoi warstw magnezu do grufm warstw za-
wierajacych eutektyk 1,2:1
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Fig. 6. Scanning electron micrograph showing craokiayers of com-
posite containing eutectic mixture. Layers of cosifoparallel
to the load direction. The thickness ratio of thg Myers to the
layers containing eutectic mixture 1.2:1

Rys. 6. Mikrofotografia skaningowa przedstawia pknigcia w war-
stwach kompozytu zawietglych eutektyk. Warstwy kompozy-
tu réwnolegte do kierunku obgienia. Stosunek grubo warstw
magnezu do grul$oi warstw zawierajcych eutektyk 1,2:1

Figure 7 shows load-displacement curves as received

from the compression test for load direction pedben

cular to laminates.
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Fig. 7. Load-displacement curves for compositeb wie thickness ratio
of the Mg layers to the layers containing eutentigture 5:1 (a),
1.2:1 (b) and 0.3:1 (c). Compression perpendicidahe layers
of composite

Rys. 7. Krzywe sita-przemieszczenie dla kompozytdstosunku grubo-
$ci warstw magnezu do grukm warstw zawierajcych eutektyk
5:1 (a), 1,2:1 (b), 0,3:1 (c). Prébki kompozytuyb§giskane pro-
stopadle do warstw
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Splitting of layers containing eutectic mixture waso It is interesting that this mode of failure wasaoals
parallel to the load direction but cracks were fngn observed for brittle layers of tensile tested mittdr-
across the layers (Figs. 8, 9). Because cracks arere metallic phases composites [3]. In fact, during ¢be-
rested at the magnesium interface, sample was preveression, layers of composite are also subjectednto
ted from the global fracture. The yield strengticaa sile deformation in the direction that is perpentic
lated from the load-displacement curves was 80, 13® the global load of specimen. With increase & th
150 MPa for composites with thickness ratio of théoad further increases the cracks number in thertay
magnesium layers to the layers containing euteatic  of intermetallics.

ture 5:1; 1.2:1 and 0.3:1 respectively. As a result layers of magnesium have gradually
undergone the external stress and strain hardenfing
the specimen that is produced due to plastic deferm
tion of the magnesium layers was observed (FigTfig.
essential feature of plastic flow is strain locatian

of the magnesium layers. Figure 10 shows bands of
localized deformation (shear bands) spreading ketwe
opposite cracks in the layers of composite contgini
eutectic mixture.
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Fig. 8. Micrograph of the sample stressed permerali to the layers of
composite. The thickness ratio of the magnesiurartayo the ‘.
layers containing eutectic mixture 1.2:1 .

Rys. 8. Mikrofotografia probkiciskanej prostopadle do warstw kom- ."'f’-u- P
pozytu. Stosunek gruba warstw magnezu do grufm warstw

zawierajcych eutektyl 1,2:1 Fig. 10. Cracks and propagation of the shear bantdsg compression
of composite perpendicular to the layers. The théds ratio
of the Mg layers to the layers containing euteatigture 5:1.
Optical microscope

Rys. 10. Rknigcia oraz propagacja pasmspipgu w kompozyciesciska-
nym prostopadle do warstw. Stosunek gégbwarstw magnezu
do grubdci warstw zawierajcych eutektyk 5:1. Mikroskop
optyczny

Similar mechanical performance and damage evolu-
tion has been observed in the compression tedted ti
nium-Al;Ti [9, 10] and copper-intermetallics [11] lay-
ered composites. All the materials were laminatas c
sisting layers of plastic metals and hard butlbrittyers
containing intermetallic phases.

RS e g gl e~ [ | CONCLUSIONS

Fig. 9. Scanning electron micrograph showing craokisyers of com- . . .
posite containing eutectic mixture. Layers of cosioperpen- 1. COmMposite was failed due to cracking of layens-c

dicular to the load direction. The thickness ratiche Mg layers taining eutectic mixture.

o the layers containing eutectic mixture 1.2:1 2. Cracks along the layers and cracks inclinecheo t
Rys. 9. Mikrofotografia skaningowa przedstawia pkniecia w war- Iayers of Composite Containing eutectic mixtureaver

stwach kompozytu zawietgjych eutektyk. Warstwykompozytu . .

prostopadie do kierunku ohgenia. Stosunek grubci warstw observed when load direction was parallel to tlye la

magnezu do grulioi warstw zawierajcych eutektyk 1,2:1 ers of composite. For composite loaded perpendicu-
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lar to the layers cracks are spreading acrossaghe | [4] Jacob A., Speidel M.O., Microstructure and tenpileper-
ers of composite. ties of TiAl compounds formed by reactive foil mategy,

Mat. Sci. Eng. 1994, A189, 129.

3. Cracking of composite layers containing eutectic _ _ o
Harach J.D., Vecchio K.SMicrostructure evolution in me-

. . . |5

.leture was f_oIIowed by eXtenSIVe. shear bandmd ] tal-intermetallic laminate (MIL) composites syntlzes by

in the mag_nesmm layers of ComPOS'te' . . reactive foil sintering in air, Metall. Mater. TranA 2001,
4. Delamination along the magnesium-eutectic mextur 304, 1493.

interface was not observed till the fracture of €om [6] Tomus D., Tsuchiya K., Inuzuka M., Sasaki M., Ingaj

posite. Ohmori T., Umemoto M., Fabrication of shape menGii
5. The composite yield strength value increases wit  foils via Ti/Ni ultrafine laminates, Scripta Mate2003, 48,

increase of the thickness ratio the layers comtgini 489.

eutectic mixture to the layers of magnesium [7] Dziada A., Konieczny M., Structural transformations at
' the Cu-Ti interface during synthesis of copper-imetallics

layered composite, Kovove Materialy 2004, 24, 42.
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