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Abstract

The microstructure of metal matrix composites of2824, AA 6061 and EN AC 44300 alloys
with 10 vol. % Saffil fibers were investigated ugitransmission electron microscopy. The
fibers in the preform were stabilized using liqgjhss binder and fired at 8D resulting in
formation of amorphous silicon oxide joints. Thesforms infiltration with AA2024 leads to
reaction of liquid metal with Si©binder substituting it with fine-crystalline mixt of MgO,
©-Al,Cu and silicon. Similar operation with AA6061 leadsbinder substitution with porous
—amorphous AO; and MgO. Only squeeze casting of EN AC 44200 Mtx0.6 % left most
of the binder unchanged and allowed to obtain palty clean Saffil/ matrix interfaces.
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1 Introduction

The aluminium alloys found already wide applicatiorautomotive industry for production of
engine blocks, piston heads and others, but strosge stiffer materials would be very much
welcomed. The experiments with reinforcing of higghength aluminium alloys, like AA6061,
2024, 7075 or AIMgCuAg with up to 20 vol. % of 83 Saffilll fibers showed roughly 20% of
UTS increase already at ambient temperatures [134].the other hand, a composite based on
AC 8B casting alloys just reproduced the matrix mmm hardness [2]. Simultaneously, both
groups of composites retain their ambient tempegastrength by ~10C higher, than their
matrixes. The reason of different response of imegrto the same reinforcing Saffilfibers, as
well as further optimization of properties of thasemposites, could be obtained by finding the
detail nature of metal/ceramic interfaces in thesgerials.

The problems with production of such compositesewmrercome partly by pressure infiltration
and partly by wetting enhancement with alloying iidds, like magnesium, routinely
introduced into commercial aluminium alloys. Howew&witching from the Al — AlO; system

in to AIMg — AlL,O; causes that reactive infiltration takes over.hat tcase, at the metal/ceramic
interface an MgO oxide and at 4<Mg<8 wt. % an er@re brittle MgAbO, spinel may form
[1]. The situation in that area is worsened by aamte of oxygen from SiObinder easily
dissolved in contact with liquid metal containinggmesium.
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The observations of Al4CulMg0.5Ag matrix with SHififibers bonded with Si@showed, that

in multi-component alloy the MgaAD, may form along the MgO at very low magnesium
additions (~1 wt.%) [3,5]. Similarly, the Mg&D, was found or3-Al,O5 particles strengthening
Al1Mg0.6Si0.3Cu (AA6262) alloy [6]. The type of ptes formed at the Saffil fiber/matrix
interface are important, but their microstructuas,well as presence of voids easily nucleated
during such phase transformation might be even rdeteémental on the properties of such
composites. However, information about that probigiimited.

This project was aimed at investigation of theetgmd microstructure of phases formed at the
Saffildd / metal matrix interface in a series of aluminiulhoys used in car industry applications.

2 Material and Experimental M ethods

Performs made of Safill fibers (10 vol. %) were stabilized with liquid gk (hydrated Sig),
dried and fired at 80C. Next, they were squeeze cast with an AA2024168/6EN AC 44200
alloys (Table I). Finally, composite materials were solution heatted and aged to peak
hardness.

The microstructure was investigated using TecngpeBIWIN FEG 200kV transmission
electron microscope with EDAX microanalysis systérin foils were cut using Quanta 3D
focused ion beam equipped with Omniprobe lift-dtaehment.

Tablel Additions (wt.%) to alloys used for infiltratingetpreforms

Alloys Mg Si Cu Mn Fe other

AA2024 1,2-1,8 0,4-0,6 3,8-4,9 0,3-0,9 <0,5 20,1
AAG061 0,8-1,2 0,4-0,8 0,1-0,4 <0,15 <0,7 DA
EN AC 44200 0,2-0,6 6,5-7,5 <0,1 <0,3 <0,5 2p,2

) Cr<0,1, Ti <0,15, Zn <0,2%) Cr 0,04-0,35, Ti <0,15, Zn <0,28Ni<0,1, Zn<0,1, Pb<0,1,

3 Results

Immersing of Saffill fibers into liquid glass covers them with thin éayof binder forming
bridges between individual fibers during subseqdenhing and firing Fig.1a). The firing of
such preform at high temperature fixes the bridgespermanent form and allows retaining the
preform shape during squeeze casting with liquidmahium alloy. The microstructure
observations showed, that rough fiber surface ifae@ered with the binder, which solidifies in
an amorphous fornt{g. 1b).

i I . G
Fig.1 Scanning (Secondary Electrons) image of preforr difing process (a) and transmission image of, ®iige

in-between adjacent Saffil fibers
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The squeeze casting of such preform with AA202dyatlaused reaction of liquid metal with the
binder substituting it with dense nano-crystallmaterial Fig.2). The local chemical analysis
using EDS system indicated, that at areas withdsiggnount of binder, i.e. so called bridges the
surface of the Saffil fibers covers copper-aluminium crystallites, peobably®—Al,Cu phase
(Fig. 3). The centre of such post-binder area is filledhvthe mixture of the®-Al,Cu and
silicon crystallites immersed in remnants of Slinder phase, while at their outskirts the MgO
oxide forms. However, outside the joints, i.e. veh8uffilD were covered with thinner layer of
binder the latter was totally dissolved and fingstallites of the MgO precipitated directly on
the fibers surface.

Fig.3 Scanning-transmission (HAADF) image and series apsnpresenting distribution of O, Al, Si, Cu and Mg
obtain from area of reaction between Sithder and liquid AA2024

The infiltration of preform with AA6061 alloy reseld in substitution of Si©binder with an
amorphous highly porous materi&lig. 4). Aside of porosity, larger voids at the Saffilmetal
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matrix were also observed. The maps presentingl lchamical composition helped to
determine, that the amorphous material consisfwhiaa with traces of silicon oxidd=(g.5).
Small amount of Si@present inside AD; fiber was introduced into them already at their
production stage, i.e. the RF grade contain up tat.4% Si preventing grain growth. The
manganese oxide was located in small amount andairthe border of amorphous areas and
matrix. The copper containin@-Al,Cu type precipitates are usually nucleated on these
amorphous areas like the one visible in the ceotrel AADF image in Fig.5, or directly on
Saffild surface.

Fig.5 Scanning-transmission (HAADF) image and series apsnpresenting distribution of O, Al, Si and Mgaibt
from area of reaction between Sikinder and liquid AA6061

The same experiments were also performed with ENAAROO alloy. In that case, most of the
binder bridges withstand contact with liquid mgta¢serving connections in-between Saffil
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fibers Fig. 6). More detailed observations of the binder shotted it contain small petal-type
voids, which may indicate either start of dissantiof amorphous SiQor just represent the
effect of sample preparation with high energetic-rG@am. The precipitation of silicon was
noted both within matrix and at the fiber surfaceome of it even within the binder area. The
maps of local chemical composition showed, thadeagiom bridges between fibers, the a thin
layer of binder is uniformly covering the fibersface Fig. 7).

Fig.7 Scanning-transmission (HAADF) image and series apsnpresenting distribution of O, Al, Si and Mgaibt
from Saffild/ AC 44200 matrix interface

4 Summary
The squeeze casting of ceramic preforms made d@f Safibers using liquid AA2024, 6061 or
EN AC44200 alloys produced dense metal matrix ccites. However, an improvement in
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mechanical properties of these composites couldydeed only after ascertaining a proper
connection between these high strength (~2 GPa)-oaystalline slightly porous (5 — 10 %) of
3 -5 um diameter AJO; Saffild fibers and their matrix. The Vaucher and Beffdjtindicate,
that a proper bonding between,@} fibers and aluminum alloy depends to large extamt
amount of magnesium additions deciding on type xifl® phases, like MgO or Mg#D,
formed as a consequence of the production prodéssy pointed also, that presence of the
spinel forming from 4<Mg< 8 wt. % content is the shaetrimental for composite mechanical
properties. Even, as this amount is higher thaalusiagnesium additions in commercial alloys,
though presence of Sj®onding phase might cause nucleation of M@l also in case of such
alloys, i.e. like AI1Mg2Cu0.5Ag [3] or Al12SiCuMgNB]. Present experiments with AA2024
and AA6061 alloys containing 1.6 and 1 wt. % Mgpesdively showed however only presence
of MgO precipitates. The EN AC44200 alloy with eMemwer magnesium was free from any
magnesium oxides. The observed differences betwmsature and experiment are probably
connected with varying squeeze casting condititikes infiltration time, pressure and other.

The lack of MgAbO, spinel at Saffill fiber/matrix interface, generally considered as a
necessary condition for obtaining proper compositength improvement, is not an only
requirement. The microcrystalline mixture @&-Al,Cu, Si and MgO material found in
Saffild /AA2024 composite has close similarity to the orithwgpinel obtained after infiltration
Saffild with Al4CulMg0.5Ag [3]. Even, as such a mixed m&ructure seems of dubious
value for load transfer, though the measuremethefatter indeed showed significant strength
increase. However, the porous mixture of amorphaly®©; and MgO substituting bonding
phase in Saffill /AA6061 composite definitely stand no chance atahlkeeping fiber-matrix
together. What is more, the voids also presentimarea might serve, as good crack initiators.
In this situation, the Saffil/AC44200 composite with preserved amorphous,3iOnding
phase at fiber surface and therefore with cleaerfiates should present the highest relative
property improvement, i.e. as compared with itsrixat

The performed microstructure observation aimechatacterization of Saffil fiber/ aluminum
matrix interfaces clearly indicated, that the cosifgo mechanical properties are strongly
depended not only on type of phase formed oveeth®mit also on defects like porosity or voids.
The decreasing magnesium content in the AA20241686 EN AC44200 alloys used as
matrixes in investigated composites resulted inimishing or even eliminating formation of
MgO at fiber interfaces. However, the above alloyifer also in amount of other alloying
additions and consequently in melting temperatsoethe magnesium content was just one of
parameters influencing above changes at Saffilatrix interfaces.
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