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STRUCTURE ANALYSES OF Mg-Zn-Zr MATRIX ALLOY COMPOSITES
REINFORCED WITH SiC PARTICLES

The results of microstructure investigations of magesium matrix composites reinforced with silicon cebide particles
have been presented. The Mg - 6 wt. % Zn - 0.9 Wi Zr alloy was used as a composite matrix. The inwtigated composites
were reinforced with 30 wt. % of SiC particles witha maximum diameter of 32um. A simple and non-expensive casting
method involving mechanical mixing of liquid metaland the introduced ceramic particles under protectre atmosphere was
used to obtain the investigated materials. The obiaed composites were characterized by uniform distbution of silicon car-
bide particles within the matrix alloy. Additionally, Mg.Si phase was identified in the composites microsteture, as a result
of reaction between the matrix alloy and Si@film very often covering SiC particle. Moreover, the components did not reveal
the creation of a reaction layers at the matrix/paticles interfaces. Transmission electron microscopianalyses allowed to
determine the presence of Zn-rich phases as well #g iron oxides precipitates at the interfaces lieeen the silicon carbide
particles and the matrix alloy.
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ANALIZY STRUKTURY KOMPOZYTOW NA OSNOWIE STOPU Mg-Zn-Zr
UMACNIANYCH CZASTKAMI SiC

Przedstawiono wyniki badai mikrostrukturalnych kompozytéw na osnowie stopu m@nezu umacnianych cgstkami
weglika krzemu. Jako osnow¢ zastosowano stop Mg - 6% wag. Zn - 0.9% wag. Zr.d8lane kompozyty umachiane byty 30%
wag. castek SiC osrednicy 32 um. W celu otrzymania badanych kompozytéw zastosowanprosta i niedroga metode odlew-
nicza, polegapca na mechanicznym mieszaniu cieklego metalu wraz wprowadzonymi czstkami ceramicznymi w ochron-
nej atmosferze. Otrzymane kompozyty charakteryzowat si¢ jednorodnym rozmieszczeniem cgstek weglika krzemu w stopie
osnowy. Dodatkowo zostata zidentyfikowana faza M&i w osnowie kompozytow jako wynik reakcji pomgdzy stopem osno-
wy i filmem pokrywajacym bardzo czsto czstki SiC. Ponadto komponenty nie wykazaty tworzeniavarstw reakcyjnych na
granicy rozdziatu czstki/osnowa. Analizy wykonane przy zastosowaniu trasmisyjnej mikroskopii elektronowej pozwolity
okresli¢ obecnd¢ faz bogatych w Zn oraz takke wydzielei tlenkéw zelaza na granicy rozdziatu pomgdzy czstkami weglika
krzemu i stopem osnowy.

Stowa kluczowe: kompozyty magnezowe, cgstki SiC, struktura

INTRODUCTION

Metal matrix composites (MMCs) reinforced withphase in the matrix volume and on providing a gjron
ceramic particles are among the most recent stalctubonding between the components. Reinforcement/
construction materials. A number of manufacturingnatrix interfaces in cast MMCs are related to the
techniques have been developed to produce MMGsettability of the reinforcement phase by the molte
Compared with other methods (like powder metallurgynatrix and to the interaction of the componentsndur
mechanical alloying, infiltration or self-propagagi the production of the composite [10-14].
high-temperature synthesis), stir casting is thestmo Among various MMGCs materials, magnesium ma-
economical (costs as little as one-third to onghtdar  trix composites reinforced with ceramic particles- d
mass production) and easily adopted method [1-Herve special considerations, because of theirdem+
Obtaining expected properties in these materials daty, high specific stiffness and strength, higimgang
pends mostly on achieving the desired structureacha capacity, and good dimensional stability. Among the
terized by the proper arrangement of the reinfgrcinvarious ceramic reinforcements in particulate @icéd
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magnesium matrix composites, silicon carbide is thation of the reinforced phase, frequently occgrrin
most widely used. It should be noted that the magngravity cast composites, are observed. Becausbeof t
sium — silicon carbide system is characterized bgrg relatively large size of the silicon carbide pdeticand
good wettability of SiC by molten Mg, a very higtas relatively high crystallization speed of composittdee
bility of SiC in liquid Mg and a precipitate-freenéd phenomenon of pushing or engulfing the reinforced
strongly bonded SiC/Mg interfaces with an adhesivearticles by the growing matrix dendrites has not o
character of the bond [15-18]. The influence, hasvev curred.

of all individual alloying elements on the naturé o
Mg/SiC interfaces is still not known.

In the presented study, the microstructure analyses
of the Mg - 6 wt.% Zn - 0.9 wt.% Zr matrix compesit
reinforced with SiC particles were performed ineard
to describe the phenomena influencing the formation
the structure of the cast of those materials.

EXPERIMENTAL DETAILS

The Mg - 6 wt. % Zn - 0.9 wt. % Zr alloy was pre-
pared as a matrix of composites. Th&IC particles of Fin 1 Microstructure of the M - 6 wi. % 2 - O % 21 matrix
the 6H type with a maXimum diameter of lélﬁ] hav? s alloy composite reinforce?:i with SiC (;)articles 7
been used as the reinforcing phase. The weighiofnic Rys. 1. Mikrostruktura kompozytu na osnowie stopg M% wag. Zn -
of SiC particles in composites was about 30%. The  0,9% wag. Zr umacnianegoastkami SiC
composites samples have been obtained by means of
a simple casting technigue, involving mechanical
mixing of liquid metal with the introduced partisland
subsequent casting in metal moulds under protecti
atmosphere.

The microstructure of the gravity cast matrix alisy
characterized by a very heavy segregation of tlog-al
}ﬁeg elements. Magnesium-zinc alloys are prone & th
segregation due to relatively wide temperature span

Mlcros;rulf:tme gxamlnatlonN wasr,] ;:grzrledc O:Jtzt.) etween the liquidus and the solidus curves. Non-
means of light microscope Neophot-32 (Carl- CISgquilibrium solidification conditions cause the rfa-

Jena) on polished and etched (with a 0.5% nita.l—soltion of large crystals of the primary-phase (depleted
tion) microsections. Analyses of distribution ofeth . ge cty b P X

oo ; , . in alloying elements) and pushing the Zn admixture
individual elements contained in the composite phas ; . -

: . away into interdendritical spaces. At the last staf
were performed by scanning electron microsco

P¥sjidification the M i i
X 4 . ] gZn-type intermetallic compownd
(SEM), on an instrument equipped with an ener >élre formed. The zirconium modifies the solidifioati

dispersive X-ray analysis (EDX) device. The micro. rocess and causes the formation of the cellularami

structures of the interfaces between the componer[i) S
structure.

were examined by transmission electron microscopy SEM+EDX analyses indicate a presence of Mgzn-

(TEM). Specimens for TEM investigations have beepype phase and also Mg phase in the composite ma-

gzgrlmri]c:l]le Lomrl]g;n?; r(r;fm thdelsfr?iniri]r? tzeer\]/iézln(;egaTﬁfix and near components interfaces. Figure 2tithies
Y DYy . . 9 . 'Sl  microstructure  obtained by scanning electron
production and polished using a double-jet Fisohion

polisher. Some of the foils were ion-thinned by mea microscopy with superficial distribution of revedle

of a Gatan Duo Mill 600 equipped with a stand foelements, like mag”ef“f,”." ZInc, _S|I|con and ox_ygen.
i Lo e .~ . “The phase marked as “A” is the M compound while
cooling preparation in liquid nitrogen. Transmissio

) . .{he phase marked as “B” is the Zn-rich intermetalli
electron microscopy observations were performet wi

a Philips CM20 microscope operating at 200 k\?ompound (MgZn-type). Silicon, which frequently

. ) ! . covers the surface of SiC particles, could derianf
equipped with an X-ray energy-dispersive spectremet

(EDX). The bright field technique was used in mircrothe reaction between the matrix alloy and ﬁ@er.
structure observations. It has been noted that the presence of the, 8dbn-

pound covering SiC particles due to the naturatgse

of oxidizing has been reported by many research

workers [4, 14].

RESULTS AND DISCUSSION Microstructure observations realized by transmissio
Figure 1 shows a typical microstructure of the conelectron microscopy allowed to determine strongly

posite characterized by a uniform distribution € S connected and clean interfaces between the matdx a

particles in the matrix alloy. Neither the clustefsSiC the silicon carbide particles. Figure 3 illustratise

particles nor any consequences of floating or sedim transmission electron micrograph of a typical ma-
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trix/SIC particle interface observed in the invgated
composites (with a visible dislocation structuretlie

shown in Figure 4. The local high concentratiorziot
near component interfaces (forms in the last stédlee

matrix alloy). Although thermodynamic analyses sugmatrix alloy solidification process as the resultam
gest a possibility of reaction of zirconium withCSi alloying element segregation) suggests that silicam
particles, tests performed on composites made en thide particles are not likely the nucleation siftasthe
Mg - 6 wt. % Zn - 0.9 wt. % Zr matrix alloy did not magnesium matrix.

reveal these tendencies.

Fig. 2. Secondary electron image of the invest@jatemposite with
superficial distribution of revealed elements; SENDX

Rys. 2. Obraz elektronéw wtérnych badanego kompowmyaz z rozkia-
dem powierzchniowym ujawnionych pierwiastkow; SEMDYE

In some cases, fine crystals of the intermetabim¢
pounds are observed near the interfaces between
particles and the matrix alloy. The results of shuper-
ficial and the point X-ray analyses of elementsobt

Mg K

Fig. 3. A typical TEM image of the interface betwabe Mg - 6 wt. %
Zn - 0.9 wt. % Zr matrix alloy and SiC particle

Rys. 3. Typowy obraz TEM granicy rozdzialu pedday Mg - 6% wag.
Zn - 0,9% wag. Zr stopem osnowy orazsika SiC

Occasionally, in same cases interfaces between
components also contained precipitates with a rdiffe
size and square morphology. Figure 5 shows the TEM
image of the interface between the magnesium matrix
and SiC particle with visible fine square precitgta
Sicay maps preformed from the observed area regleale
the presence of iron and oxygen at the componéstin
faces. This result suggests that analyzed pretdpitre

served microstructure, performed by TEM+EDX, ar¢he iron oxides. The iron is probably introducetbithe
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investigated material during the mechanical mixaig p—233um
the liquid composite suspension as a result ofitira-
age process of the steel equipment used, suchueis cr ’
bles and rabbles. These impurities, which wereointr .
duced due to an imperfect technological processe we L )
located mostly along the interfaces between theixat
alloy and reinforced patrticles.
"Element wt% |
Mg K 75.1
Zn K 23.2
ZrK 0.7
LOK 1.0 )
"Element Wt%\“
Mg K 56.1
Zn K 40.5
OK 1.0
| SiK 24 )
[ Element wt% | C-K
Mg K 97.1 o
Zn K 12 3
ZrK 0.6 ’ &
OK 1.0 3
| SiK 0.1)
Zn'K§
SiK
»
-
&
FeK
&
4
OK
Fig. 5. TEM image of the interface between the Mgwt. % Zn - 0.9
Fig. 4. TEM image of the interface between the Mgwt. % Zn - 0.9 wt. % Zr matrix alloy and SiC particle and X-ray psashowing
wt. % Zr matrix alloy and SiC particle and X-ray psaand point the distribution of C, Si, Zn, Fe and O at the obseé interface,
analyses of an elements at the observed interfé&id+EDX TEM+EDX
Rys. 4. Obraz TEM granicy rozdziatu pauizy stopem osnowy Mg - Rys. 5. Obraz TEM granicy rozdzialu pauizy stopem osnowy Mg -
6% wag. Zn - 0,9% wag. Zr i ggtka SiC oraz rozktady po- 6% wag. Zn - 0,9% wag. Zr i ggtka SiC oraz rozktady po-
wierzchniowe i analizy punktowe pierwiastkéw na @twwanej wierzchniowe obrazygge rozklad C, Si, Zn, Fe i O na obserwo-
granicy, TEM+EDX wanej granicy, TEM+EDX
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CONCLUSIONS [5] Magnesium Alloys and Their Applications, Edited by
_ K.U. Kainer, WILEY-VCH, 2003.
The produced Mg - 6 wt. % Zn - 0.9 wt. % Zr matrix [6] zheng M., Wu K., Yao C., Materials Science and Engi-

alloy composites reinforced with silicon carbidetistes neering 2001, A318, 50-56.
are characterized by a uniform arrangement ofeiméor-  [7] Cai Y., Tan M.J., Shen G.J., Su H.Q., Materials Smeand
cement phase in the volume of the matrix. Suchifarom Engineering 2000, A282, 232-239.

distribution has been possible owing to the goottawe [8] Lianxi H., Erde W., Materials Science and Enginegri
bility of the SiC particles by the molten matrixogl and 2000, A278, 267-271.

. 9] Saravanan R.A., Surappa M.K., Materials Science and
the easy creation of the bond between the comps.nen{ Engineering 2000, A 276, 108-116.

It should be noted that the assurance of Prop&IUerO 114 rohiin LL., Nikitina N.I, Dobotkina T.V., Journabf
tion process parameters is the primary condition f0 ~ ajioys and Compounds 1996, 239, 209-213.

obtaining the correct structure of composites. Ofe  [11] xjaogin ., Qudong W., Yizhen L., Yanping Z., Wemjy
consequences of failing to satisfy this conditierthie D., Yunku Z., Journal of Materials Processing amiho-
occurrence of slag contamination. Additionally dgma logy 2001, 112, 17-23.

process of the equipment used (such as cruciblés dh2] Guangying Y., Yangsham S., Wenjiang D., Scripta evat
rabbles), which should be made of steel causeithe  Malia 2000, 43, 1009-1013.

troduction of iron oxides into the composite materi [131Hassan S.F., Gupta M., Journal of Alloys Compour@fiz?

. . 335, 10.
which most often locate at the interface of comptse [14] Braszcayiska K.N., Lityiska L., Zyska A., Baliga W., Mate-

and give rise to mechanisms destructive to comgmsit rials Chemistry & Physics 2003, 81,326-328.
[15] Braszczyiska K.N., Zeitschrift fiir Metallkunde 2003, 94, 2,
144-148.
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