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The microstructure of an AlICu4Mg1Ag alloy reinforced with 15 vol % Al,Os-Saffil fibers was
investigated by analytical transmission electron microscopy and compared to the
microstructure of the unreinforced alloy. The investigation results show that the composite
matrix is enriched in Si as a consequence of the interfacial reaction between the Mg from
the alloy and the SiO, from the fiber and fiber binder. The presence of Si in the composite
matrix modifies the characteristic precipitation state of the monolithic Al-alloy: in the peak
aged T6-temper, the phases Q + S’ are substituted by a fine and homogeneous precipitation
of 9’ plates, and a new type of rod-shaped precipitates. On overageing, these rod-shaped
precipitates can be classified into two categories: precipitates containing Al, Cu, Mg, and Si
(possibly a Q-phase precursor) and Si precipitates that act as nuclei for 8. © 1999 Kluwer
Academic Publishers

1. Introduction cast in the same conditions, subjected to the same solu-
Light weight metals based metal matrix compositestion heat treatment and also peak aged. The results of
(MMCs), when compared to their monolithic base al-mechanical tests on the composite and unreinforced al-
loys, typically show improved performance in terms of oy, as summarized in Table I, indicate an improvement
mechanical properties such as higher Young’s modulusf the Young’s modulus and ultimate tensile strength
higher service temperature, improved wear resistanc&s a consequence of the addition of the Saffil fibers. In
better fatigue resistance, reduced coefficient of thermatontrast, another study on a similar MMC-type, fab-
expansion, and thus, are very attractive for many engiricated by liquid metal infiltration, reported a drop of
neering applications, for instance in the automotive ananicrohardness [6] and only a slight increase of strength
aerospace industries [1]. [7] with fibers addition. This has been explained by the
The physical and chemical phenomena occurring asuppression of the hardening phasedue to the de-
the fiber/matrix interfaces play an important role in thepletion of Mg in the matrix resulting from its reaction
microstructure formation and property development ofwith the alumino-silicate binder.
a wide range of composites [2]. For example, the dis- To promote a sound understanding on the improved
location density is generally increased in the interfacemechanical behavior of the AICu4Mg1Ag/Saffil com-
area because of the difference between the coefficiemosite of the present study, the microstructure and
of thermal expansion [3] and the chemical compositionchemistry of the Si@ binder, fiber-matrix interfaces
can be modified as a consequence of interfacial rea@nd matrix precipitation features were investigated with
tions [4]. All of these aspects may change the precipi-analytical transmission electron microscopy (TEM).
tation state of the matrix, quantitatively and sometimes
qualitatively [5]. Obviously, these microstructure mod-
ifications will affect the mechanical properties of the 2. Experimental procedure
matrix and, therefore, the performance of the MMCs.2.1. Material
Therefore, an understanding on the interfacial phenom¥he preforms used in this study were custom made by
ena and the associated matrix microstructure formavernaware Ltd, UK, and consist of 15 vol 86Al,03
tion during the MMC'’s fabrication and subsequent heatbased Saffil chopped fibers (96-97 wt %,8%, 3-4
treatment is essential for a reliable prediction of theirwt % SiO;,) with 5 wt % SiG, binder. The matrix alloy
mechanical properties. AlCu4MglAgis based on awell characterized high per-
Inthe early stage of the present stud§rAal .03 Saffil  formance AICu4MgAgMnZr-wrought alloy described
chopped fiber preform containing 5 wt % silica binder elsewhere [8]. To meet the demands of high strength fi-
was infiltrated with an AlCu4Mg1Ag alloy by direct brous MMCs on a matrix alloy (i.e. to avoid embrittling
squeeze casting, followed by solution heat treatmenintermetallic phases), the transition elements Mn and Zr
and peak age hardening. The same monolithic alloy wasef the original AICu4MgAgMnZr alloy were omitted.
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TABLE | Mechanical properties of the AICu4Mg1Ag/Saffil compos- 250
ite and its unreinforced base alloy (T6-temper)

E 0002 © Ototal Kic
Material (GPa) (MPa) (MPa) (%) HB (MPal?)
o
15% Saffil/AICu4MgAg 88.70 413.6 517.6 2.6 198 13.8 <
AlCu4MgAg Alloy 72 413 454 54 150 24 e
g
B
2
TABLE Il Effective chemical composition of the reference alloy in
wt % 50
—a—reinforced alloy
Al Cu Mg Ag Fe Si —a—unreinforced alloy
0
bal 4.03 1.04 0.53 0.03 0.043 0.01 0.1 1 10 100

time (hrs)

Figure 1 Hardness versus ageing time for the unreinforced alloy and

The Mg content was raised to 1 wt % to compensate foMVC (ageing temperature: 17).
its apprehended loss from reaction with the Sliased

preform binder because it has been shown that a precise TEM foil specimens were prepared by mechanical
balance of Cu, Mg, and Ag is required for the precip-dimpling down to 2Q.m, followed by argon ion milling
properties of the alloy have been attributed [8]. Theerating voltage of 5 kv and *0angle, with a liquid
effective chemical composition of the AICu4Mg1Ag nitrogen cooling stage to avoid microstructure changes
alloy is provided in Table Il. associated with the annealing effect. Such effects have
The preform was infiltrated with the AICU4MQ1Ag peen experienced on first samples prepared on an ion
alloy melt by direct squeeze casting with the pro-mjl| without cooling stage, resulting in an unexpected

cessing parameters as follows: melt superheat'Z30 and substantial coarsening of the precipitation state.
preform preheat 650C, infiltration speed 10 mm/s,

and maximum pressure 130 MPa. The composite

casting was subsequently solution heat treated &3. Results

480°C/1.2h 4+ 500°C/2 h, followed by cold water 3.1. Chemical composition

quenching. After holding at 25 for 100 hours (T4), EDS analysis results on the reference alloy-T6 and in

the casting was peak-aged at 2@for 4 h (T6). The the matrix of the MMC-T6 are provided in Table IIl.

resultant microstructure was characterized by a unifornT he presence of Siin the MMC matrix is evident, but no

distribution of the Saffil fibers in the matrix alloy free reliable results for Mg concentration could be obtained

of porosity. The investigations on this composite wereby this method because of the proximity of the small

carried out in the T6 condition (MMC-T6), but to fa- Mg peak to the large Al & peak, which results in a

cilitate the understanding of our TEM analysis of the very poor deconvolution quality.

precipitation state, two overageing treatments were ad- Table IV shows the composition of the core of the

ditionally applied at 175C for 600 h and 300C for  binder (initially SiG,) in MMC-F (as cast) (see also

24 h (see section 3.5). To understand the mechanisnggction 3.3). As these data suggest, the initial composi-

of interfacial reactions the MMC in as cast condition tion of the SiQ binder was modified during the MMC

(MMC-F) was also studied. infiltration: the binder contains a high level of Mg, and
As a reference, the unreinforced alloy was caswonly traces of Siremain. Itis obvious that during MMC

in the same conditions and solution heat treated aglaboration, Mg migrates from the matrix into the silica

480°C/2 h + 500°C/2 h, followed by cold water binder, and the Si presentin the Siinder is reduced

quenching and peak-ageing to T6-condition (T4 and ejected into the matrix.

170°C/20 h). The age hardening responses of both

Co,mpOSIte and unreinforced alloy, determined by_TABLE Il Chemical composition (EDS analyses) of the reference

Brinell HB3p hardness measurements, are presented if)oy-T6 and the MMC-T6 matrix in wt %

Fig. 1.

Cu Mg Ag Si
2.2 Experiments Reference alloy 2.9 2.0 (imprecise) 0.5 0.0
A MMC matrix 3 0.1 (imprecise) 0.7 0.6

The TEM investigations were performed on a Philips
CM20T (LaBs) operating at 200 kV and equipped
with an energy—dlsperswe spectr(_)meter (ED_S) N(_)raq'ABLE IV Chemical composition (EDS analyses) of the binder (ini-
Voyage_r for Standardless chemical analysis. Highsjaly si0;) in the MMC-F (as cast) composite in at %

resolution electron microscopy (HREM) and EDS anal

yses at nanometer scale were performed on a Philips Si 0 Mg Cu Al
CMB300UT-FEG operating at 300 kV and on a Hitachi .~ 0.3 383 154 o1 459
HF2000-FEG.
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Figure 2 Q precipitate: (a) Bright field image, (b) diffraction pattern id(#] direction and (c) EDS spectrum.

3.2. Coarse intermetallic precipitates 3.2.1. Q-Al5Cu,MggSig
In the MMC-T6, four types of coarse insoluble in- As shown in Fig. 2a, the Q-ACu;,MgsSis phase usu-
termetallic phases have been observed and identally appears at the fiber-matrix interface with an hexag-
fied as6-Al,Cu, AlL,CwFe, Q-AECwp,MggSis, and  onal shape~{1um). This phase is known as Q, W,
Al15CuSikFe; by EDS analysis and selected-area elec-., or h with a hexagonal structura £ 1.039 nm and
tron diffraction (SAED). ¢ =0.404 nm) according to the associated reaction type
The 6-Al,Cu precipitates (tetragonal body centeredand phase geometry [10-12]. In the present situation,
crystal structure, & 0.607 nm and e=0.487 nm) are  Q-phase is most probably formed during the following
generally small£0.2 um), globular-shaped, and pref- reaction [8]:
erentially appear at the grain boundaries. ThegCAbFe ) . )
precipitates (tetragonal crystal structuses 0.633 nm lig = Al + Al>,Cu+ Si+ AlsCu;MggSis (510°C)
andc = 1.487 nm) can appear at both grain boundaries ()
(globular shape, 0.%vm) and fiber-matrix interface 3.2.2. Al;gCuSisFes
(e_Iongated_, more than Am _Iong). The_formz_at_lon of As indicated by its EDS spectrum (Fig. 3c), the pre-
this phase is related to matrix alloy Fe-impurities, mos ipitate shown in Fig. 3a (globular shape,0.5 um)
probat_)Iy as the product of a low temperature termnans’ tormed by the elements Al, Cu, Si, Fe. Quantita-
eutectic reaction [9]: tive results are given in Table V as atomic ratios from
lig = Al + Al,Cu+ Al;CwFe (546C) (1) Which the stoichiometry of this phase is deduced as
Al13CuShFe;. However, the Al concentration quoted
The 6-Al,Cu and AFCwFe phases are also found at may be overestimated because of the aluminium present
grain boundaries in the reference alloy-T6. They are an the matrix surrounding this precipitate and exited by
characteristic of the alloy. The two phases containinghe back scattering electrons spiralling in the objective
Si, Q-AlsCu;MgsSis and Al ,gCuSihFe; seem to appear lens magnetic field. The diffraction patterns along sev-
exclusively in the MMC: eral axes (one of which is shown in Fig. 3b) are in good

(a) (b) ©
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Figure 3 Al1gCuSkFe; precipitate: (a) Bright field image, (b) diffraction pattern in [110] direction (witfor the matrix ang for the precipitate),
and (c) EDS spectrum.
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TABLE V Chemical composition of coarse intermetallic precipitates  eXistence of small precipitates (10—-100 nm). Two kinds
inat % (EDSanalyses), atomicratios deduced, and nominal atomicratio  of precipitates could be identified by EDS and SAED:
(for comparison) 6-Al,Cu and spinel MgAIO,, as represented in Fig. 5a,
Al,CusFe Q-AlsCuMgeSis  AligCuSi,Fe; D, and c.In t_he core of the bin_der, to complete EDS
P Sva— : - results given in Table 1V, diffraction patterns reveal the
a% raios rat.nom. a% raios rat.nom. &% raies  presence of nanocrystalline MgO as shown in Fig. 5d.

Al 653 101 7 155 200 25 682 17.7 . .
Mg — — — 361 467 4 _ 3.4. Matrix precipitation state

s — — — 252 325 3 78 204 3.4.1. The unreinforced AICu4Mg1Ag-alloy

Cu 138 212 2 71 1 38 1 The precipitation state of the unreinforced AlCu4-
Fe 65 1 1

- - - 115 2% MglAg alloy in the T6-condition is characterized by

the presence ak and S as evidenced by identification

of the matrix diffraction pattern on [L0Q)Fig. 6; see

agreement with a body centered cubic structure with[g] for diffraction pattern indexationy’ phase cannot

lattice parametea = 1.248 nm+0.005 nm. To the pe traced.

authors’ knowledge, the existence of such a phase has

not been reported in literature [13, 14]. The phase with

the closest crystal structure isAFe;Si with a cubic ~ 3.4.2. The AlICu4Mg1Ag/Saffil MMC

structure and a lattice parametes 1.254 nm. A comparison of the microstructures and the diffrac-
Due to their temperature of formatiors-610°C),  tion patterns of the unreinforced alloy (Fig. 6) and the

these coarse intermetallic precipitates appear before tH@mposite matrix (Fig. 7) shows that the precipitation

final solidification in the mushy state and migrate dur-state of the composite matrix substantially differs from

ing solidification in interdendritic areas. This is con- the unreinforced alloy. As shown in the following list,

firmed by TEM analyses on the MMC in the cast condi-the dominant phases observed in the monolithic matrix

tion (F), which reveal the presence of coafisal,Cu,  alloy (2 and $) cannot be detected in the composite

Al;CwFe, and Q-AICu,MgsSig precipitates, and by anymore:

the fact that these insoluble particles are found at the 1. The absence a? is evidenced by the lack of its

grain boundaries or on the fibers (i.e. in the areas of theharacteristic spots iry# (220) position and confirmed
final solidification). by the absence of streakditl 1} directions in th€110

diffraction patterns.
2. The $phase is not observed. Indeed the complex
3.3. Reacted fiber binder [210], diffraction pattern, which is often used fof S
In the MMC-F (as-cast), SAED diffraction patterns identification, can be explained by double diffraction
have been done on the binder to complete EDS resultsf 6’. Moreover, S phase was not detected in overaged
given in Table IV: they reveal that most of the SiIO samples.

binder has reacted with Mg to form a spinel Mg@8l, As shown in Fig. 7, the composite matrix features
with a face-centered cubic structuresof= 0.8045 nm, a fine and dense dispersion of plate- and rod-shaped
as shown in Fig. 4a, b, and c. precipitates. The precipitates were identified as follows:

In the MMC-TB6, the observations on the surface of 1.6’ plates appear in the matrix; they are hardly vis-
the reacted binder or at fiber crossing points reveal théle in the background of Fig. 7b, but their presence

(b) ©
Al

C

o

004 N

. . . T
i 11 1 mg
L

1 Energy (keV) 3

Figure 4 Reacted binder in MMC-F (as cast): Mg&)s-spinel precipitates in the reacted binder. (a) Bright field image, (b) diffraction pattern in
[110]spinel, and (c) EDS spectrum.
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Figure 5 Reacted binder in the MMC-T®-CuAlz, and MgAbO4-spinel precipitates around the binder and polycrystalline MgO inside the binder:
(a) Bright field image, (by-CuAl; diffraction pattern in [01]e, (c) MgAl2O;4 diffraction pattern [11Q}inel zone axes, and (d) diffraction rings of
polycrystalline MgO.

(a)

200 nm

Figure 6 Unreinforced alloy Al4CuMg1Ag (T6): (a) Diffraction pattern in [1QOfirection and (b) dark field image orf Spot with € in the
background (also visible, the objective aperture size is too large to select onlygpets).

becomes evident by orienting the sample in theandd, in Fig. 8a. A program written in Mathematica
[10v/2], direction, as shown in Fig. 8. Fig. 8a gives and linked to EMS [15] was developed to draw diffrac-
the orientation relationship between the lattice struction patterns of phases in a matrix. The results of the
tures ofa-Al and 6. Because of the tetragonal struc- simulation are in good agreement with the experimental
ture of ¢’ (a = 0.404nmc = 0.58nm= +/2a), the findings as comparatively presented in Fig. 8b and d.
[10v/2], direction corresponds to [1Q1]and [201} The dark field image with the spot (111)which
directions ofg’ plates oriented in (10@)and (001)  includes the (12),« spot in [100} direction, reveals
planes, respectively, and accordingly designateg} as the6, precipitates (Fig. 8c). The rhombus shape of the
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(a) (b)

rod-shaped
precipitates

Figure 7 Matrix of the MMC-T6: (a) Diffraction pattern in [10Q]direction and (b) two bright field images of rod-shaped precipitatesdtii the
background close to [100]

0’ precipitates on the dark fieldimage corresponds to th@ hus, the characterization of these precipitates becomes
square shape @f precipitates with sides alond10}  possible with HREM, annular dark field observations
and projected on the plane perpendicular to the/[ip by scanning transmission electron microscopy (STEM
direction (electron beam direction) as illustrateddpr ADF), and EDS. However, since this overageing pro-
in Fig. 8e. The measured acute angles of the rhombugedure at 300C is prone to affect the nature (crys-
(62°) are in agreement with the predicteglapdFig. 8e)  tallography and composition) of the precipitate, the

as given by the formula: interpre_tation of the rgs_ults must _be considered with
precaution. To avoid misinterpretation and to assess the
Qshape= 2.arctan[cossr)] = 60° for ayy microstructural evolution, a second overageing treat-

) ment was performed at 17& for 630 h.
= 45° + 9.5° which corresponds @,  (3)

Furthermore, contrary to previous reports [3], no3.5.1. Overageing at 300°C for 24 h

precipitation-free zones nor abnormal high densitiesAfter this heat treatment, the rod-shaped precipitates

of 6’ precipitates nucleated on dislocation loops in thewere found with two different cross-sections: rectan-

vicinity of the fibers-matrix interfaces have been ob-gular and globular (average size 25 nm). As shown

served in the present TEM investigation. in Fig. 9, they are observed as isolated precipitates.
2. The fine and dense rod-shaped precipitates witivlost of them do not lie along’ precipitates (see for

a square cross-section.f1x 1.5 nn?) are shown in  comparison Fig. 10a). EDS analysis and indexing of

Fig. 7b. In the dark field image (Fig. 8c), they appear inHREM image (Fig. 9b) reveal, respectively, their chem-

the background. Some of them seem layingophase istry and crystal structure, which are in good agree-

along(100,, directions. Their length was estimated asment with the Q-phase (see section 3.2.1). For the rect-

20 nm. After thickness determination of the observationangular precipitates, SAED and HREM images prove

zone with thickness fringes, the density was estimatedthat their orientation relationship with the aluminium

at 10/ cm~3. Their fine size and rod shape make it dif- matrix is:

ficult to determine their crystallographic structure and

chemical composition with the classical TEM methods [001]q//[001],, (210)y//(100), (4)

or HREM. Note that the fast Fourier transformations

(FFT) of HREM images of some of these precipitates.l.

. his orientation relationship has been reported in [12],
(F'g' 11.C) correspond to those of the QP phase C.jeénd also given by [16] for the M-phase (crystallo-

. %raphic structure similar to the Q-phase, contains only
that their structures, are close to one of the QP phaseAI’ Mg, Si) but written under an equivalent form allow-
ing to understand the rectangular shape by minimiza-

3.5. Identification of rod-shaped phase tion of the interface misfits:

The composite specimens were overaged at’80fdr _
24 h to artificially coarsen the rod-shaped precipitates. (0001)//(100),, [1120]g//[510], (5)
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The globular Q phase has also its hexagonal [§@k]s  concluded that this type of rod-shaped precipitate is Si
parallel to [001], but the orientation relationship in its phase. Si is coherent with the aluminium matrix, with
basal plane is more complex. an orientation relationship as follows:

3.5.2. Overageing at 175°C for 630 h [008}.//1110ls:, [010k //1111}si. [100L //1112]s:

Two types of rod-shaped precipitates with a rectangular (6)
cross-section (maximum size 8 n_m), putdlfferentchem-l-he third orientation relation is deduced from the two
ical composition, have been distinguished by EDS afterﬁrst ones, it represents the Al and Si zone axes of
overageing at 175C for 630 h. ({ig. 10c and is coherent with the Si interplanar dis-

1. One type of these precipitates is always founti, s deduced from the translation Mdirhges cor-
along thed’ phase as shown in the annular dark fieIdresponding to the @)Si plans:

image (Fig. 10a). EDS analysis on these precipitates in

thin parts of the sample, which reveals a high Si content dy x Dyore
(more than 60% wt, Fig. 10b), and the crystallographic Dwmoire = 3.4nM = dyrec = —o = “Nore
features as derived from HREM image Fig. 10d are in dx + Dwoire
agreement with the Si structure. Therefore, it can be = 0.191 nm= dyySi (7

(a) (b)
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Figure 8 Matrix of the MMC-T6. Diffraction of6” in [10,/2], direction: (a) Orientations scheme, (b) diffraction pattern, {th&l}, are only
visible as blurred spots because of the angle of abobe8veen electron beam direction and [102dne axe, (c) dark field image on (1119pot,
(d) diagram and (e) explanation scheme of@hshape in [1Q/2], direction. Continued.
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Figure 8 (Continued.

Figure 9 300°C/24 h overaged MMC: Q phase: (a) Bright field image and (b) HREM image in {001901], direction.

The smallest misfit corresponding to the (QQ}) ofthe precipitation Siplate-like particles in Al-Si alloys
(110)si planes (5.2%) is associated with the rod orien-[17].

tation in [110]g;, direction. The orientation relationship 2. The other type of rod-shaped precipitate con-
(6) is one of those reported by Rosenbaum in his studyains Al, Mg, Si, and Cu. The Mg/Cu and Si/Cu ratios
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Al matrix
\'@é’

Figure 10 175°C/630 h overaged MMC: Si rod-shaped precipitates: (a) STEM ADF image inGf)ddction, (b) correspondent EDS spectrum,
and (c) bright field image with Mog fringes, and (d) HREM image in [0Q1]/ [110]s; direction.

measured on four precipitates of this type range beSiO, binder in the preform with Mg contained in the
tween 3.5-4.5 and 2—4, respectively, and are close talloy melt, the presence of Si in the matrix is obviously
those of Q-phase (4 and 3). Nevertheless, HREM imthe result of a binder-matrix chemical reaction that re-
ages are not in agreement the Q lattice parameters #sases Si from the binder into the matrix [6, 18, 19, 20,
shown in Fig. 11a. Instead, an hexagonal arrangemerl, 22]. The possible reactions associated with the Si
with a=0.395 nm+ 0.01 nm is visible on the HREM release and the Mg depletion in the matrix are reported
filtered image (the FFT of the image and the filter areas follows:

shown Fig. 11b). This phase is noted QP. Its following . .
orientation relationship witk-Al is: Mg + 1/2 Si0; — MgO + 1/2 Si ©)

[100]op//[010], and [001}p//[001], (8) Mg + 2Si0; + Al - MgAI,O4 4+ 2Si (10)

This phase is noted QP because these precipitates arerpa two products of reaction (MgO and Mg/S,)
not situated o’ plates (unlike the Sirod-shaped pre- ;.o effectively present in the MMC-T6 sample: MgO in
cipitates) as are the Q precipitates found by overageing,q core part and MgAD; in the surface of the reacted
300°C for 24 h, and because their chemical COMPOinqer The presence of large MgsSl, spinels substi-
sition is close to that of Q phase, suggesting that th'?uting the SiQ binder in the MMC-F sample proves
phase is a Q-phase precursor. Further investigation hgga¢ the reduction of the binder occurs during the in-
been planned to verify this assumption. filtration of the preform. The silicon released from the
reaction forms coarse insoluble precipitates as Q phase,
4. Discussion or diffuses into the matrix during the heat treatment to
4.1. SiO, reduction and Si diffusion form the rod-shaped precipitates, as described earlier.
The initial composite matrix alloy is virtually free of  According to the Si@ binder content, the complete
Si (0.043%). Considering the expected reactivity of thereaction of the Si@ in the binder can only provide
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Figure 11 175°C/630 h overaged MMC: QP rod-shaped precipitates: (a) Filtered HREM image op dié&ition and (b) FFT of the HREM image
with the corresponding filter. For comparison: (c) FFT of HREM image obtained on the rod-shaped precipitates in the MMC-T6 specimen.

0.3% wt of Sito the matrix (the binderrepresents5wt % The change of the precipitation state is obviously
ofthe fibers and the fibers 15% vol of the material). Thisdue to the apparition of Si, more than the depletion
is considerably lower than the 0.6—-0.9% wt found intheof Mg. In fact, the precipitation change identified
matrix by EDS analyses. Considering the fact of SiO in the present study is similar to that observed by
bearing of the Saffil fibers (3—4 wt % of fibers), a small Gupta [23] and Gao [24]. Gao studied the effects of Si
amount of this Si@ in the fibers may also react with additions in Al-Cu-Mg alloys, and reported a complete
Mg and provide about 0.3% wt of Si to the matrix. This suppression of2 and $ phases, and a coexistence
is confirmed by EDS analysis on a second compositef fine-scale distribution 06’ and Q phases (Q was
of AICu4Mg1Ag alloy, reinforced with a Saffil preform determined by overageing). The microstructure change
containing AbOs binder, and fabricated with the same was associated with an improvement of the mechanical
processing conditions. The analysis results reveal a Siroperties [25, 26].

content of 1% wt in the fibers and 0.2% wt in the ma- The microstructure change between the unreinforced
trix. Thus, it can be concluded that Si comes not onlyalloy and the compaosite resulting from the reduction of
from the SiQ binder but also from the Silxontaining  the SiGQ binder and the resultant Si migration into the
8-Al,03 fibers; these two Si sources lead to the highmatrix was reported by Schueller [22] for AICu4Mg2

content of Si measured in the matrix. reinforced by AbOs-Saffil fibers or SiC whiskers. He
observed the apparition of a new phasalsCusMgy,
4.2. Fine precipitation in addition to the dens&’ precipitation. The explana-

The presence of Siand the depletion of Mg in the matrixtion proposed by Schueller is based on the possible exis-
changes the location of the matrix chemical compositence of Si clusters, which create compressive strain in
tion in the Al-Cu-Mg-Si phase diagrar® and 3, the  the matrix and attract a high concentration of small Cu
two main phases in the monolithic AICu4Mg1Ag-alloy, atoms to their interfaces. This hypothesis is confirmed
do notappear inthe composite matrix. Instééghase, inthe present study, although the Sirod-shaped precip-
whichis notdetected in the unreinforced alloy, becomestates are not in their initial “cluster” state, possibly a
the main precipitation phase together with rod-shapedonsequence of the heat treatment.

precipitates. Moreover, during prolonged overageing The complementary role of Si and Cu on the precip-
(175°C/630 h) Si rod-shaped precipitates and a hightation state is confirmed by the studies on the effect
density of rod-shaped precipitates containing Al, Cu,of Cu addition on the precipitation in Al-Mg-Si alloys
Mg, Si, probably a precursor of Q-phase, are found inf27, 28]. These studies reported an improvementin me-
the matrix. These observations are in agreement witlshanical properties due to a denser precipitation state.
the equilibrium Al-Cu-Mg-Si phase diagram [9], which Moreover, the precipitation state of Al-Cu-Mg with Si
reports the coexistence of the Q, Si, ahghases for addition and Al-Mg-Si with Cu addition feature similar
the composition: 4% wt Cu, 0.6% wt Si, 0.5% wt Mg. diffraction patterns and bright field images. Even if the
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