
Production and mechanical properties of metallic glass-reinforced
Al-based metal matrix composites

S. Scudino Æ K. B. Surreddi Æ S. Sager Æ M. Sakaliyska Æ
J. S. Kim Æ W. Löser Æ J. Eckert
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Abstract Al-based metal matrix composites were syn-

thesized through powder metallurgy methods by hot

extrusion of elemental Al powder blended with different

amounts of metallic glass reinforcements. The glass rein-

forcement was produced by controlled milling of melt-spun

Al85Y8Ni5Co2 glassy ribbons. The composite powders

were consolidated into highly dense bulk specimens at

temperatures within the supercooled liquid region. The

mechanical properties of pure Al are improved by the

addition of the glass reinforcements. The maximum stress

increases from 155 MPa for pure Al to 255 and 295 MPa

for the samples with 30 and 50 vol.% of glassy phase,

respectively. The composites display appreciable ductility

with a strain at maximum stress ranging between 7% and

10%. The mechanical properties of the glass-reinforced

composites can be modeled by using the iso-stress Reuss

model, which allows the prediction of the mechanical

properties of a composite from the volume-weighted

averages of the components properties.

Introduction

Al-based metal matrix composites (MMCs) have been

attracting considerable attention due to their remarkable

mechanical properties, such as high elastic modulus and

strength, and good fatigue and wear resistance, which ren-

ders them quite unique in comparison to conventional

unreinforced materials [1–3]. Typical reinforcements in

MMCs are ceramics, such as Al2O3 and SiC [1], and powder

metallurgy (P/M) is one of the methods successfully used for

the preparation of Al-based MMCs [1, 4, 5]. Besides

ceramics, Al-based metallic glasses are particularly attrac-

tive as matrix reinforcements because of their extremely high

strength at room temperature [6]. For example, high tensile

strengths exceeding 1,200 MPa have been achieved for

melt-spun Al–Ln–TM [7, 8] and Al–ETM–LTM [9] amor-

phous ribbons or amorphous wires prepared by melt-

extraction [10]. Such strength levels are about twice as high

as for conventional crystalline Al alloys [6].

Although Al-based amorphous alloys exhibit remarkable

mechanical properties compared to conventional Al-based

crystalline alloys, the maximum scale of the products is

limited to a thickness less than 100 lm. This limitation of

the Al-based amorphous alloys has prevented a wide

extension of application fields even despite their excellent

mechanical properties [6]. In fact, these alloys can only be
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W. Löser

IFW Dresden, Institut für Festkörperforschung, Postfach 270116,

D-01171 Dresden, Germany

J. Eckert

TU Dresden, Institut für Werkstoffwissenschaft, D-01062

Dresden, Germany

123

J Mater Sci (2008) 43:4518–4526

DOI 10.1007/s10853-008-2647-5



obtained by melt spinning in the shape of ribbons or by gas

atomization in the form of powders [6]. No bulk amor-

phous single-phase alloys in Al-based systems have been

obtained by any kind of solidification method up to date.

This is due to the relatively low glass-forming ability of

these systems [6].

Besides rapid quenching, solid-state techniques, such as

mechanical alloying of elemental powder mixtures, have

been employed to create glassy powders [11–16]. However,

this approach presents problems in producing the same

material by a processing route different than liquid quench-

ing. For example, in contrast to rapid quenching, no complete

amorphization is generally achieved by mechanical alloying

for Al contents larger than 80 at.% [17], but the powders

consist of an amorphous phase/fcc Al phase mixture, most

likely coexisting with some intermetallic compounds.

Alternative to mechanical alloying, Al-based glassy

powders can be produced by controlled milling of melt-spun

glassy ribbons [18]. For example, melt-spun Al85Ni9Nd4Co2

glassy ribbons with a thickness of *25 lm and a width of

*6 mm were ball milled at cryogenic temperatures [18]. By

this, Al-based glassy powder can be produced in large

quantities and the sticking problems, which normally occur

during mechanical alloying of the pure elements with this

composition (due to the high Al content of 85 at.%), can be

avoided. Subsequent uni-axial hot pressing at temperatures

within the supercooled liquid region leads to a density of

about 94% in the bulk sample without crystallization [18].

In this work, glassy powders have been obtained by ball

milling (BM) of melt-spun Al85Y8Ni5Co2 glassy ribbons.

Due to the controlled milling conditions, the ball milled

ribbons display a strikingly similar structure and crystalli-

zation behavior compared to the parent as-spun sample.

The consolidation of the powders is a very complex pro-

cedure and the operational conditions, e.g. pressure,

temperature, and holding time during the powder consoli-

dation process, are difficult to be controlled precisely to

obtain fully dense specimens without residual interfaces,

which are a source of crack initiation and propagation

between the powder particles. Accordingly, the crystalli-

zation behavior and the temperature dependence of the

viscosity of the milled ribbon were studied to select the

proper consolidation parameters. Glass-reinforced Al-

based metal matrix composites were then consolidated

through uni-axial hot pressing followed by hot extrusion

and finally the mechanical properties of the bulk specimens

were evaluated via room temperature compression tests.

Experimental

The starting materials for the melt spinning experiments

were cylindrical rods with 10 mm diameter and 100 mm

length. The rods of nominal composition Al85Y8Ni5Co2 were

prepared from 99.9% pure elements by copper mold casting

under argon atmosphere. Melt spinning experiments were

carried out in a single-roller Bühler melt spinner at a speed of

30 m/s. The samples produced by this method were thin

ribbons with a cross section of about 0.05 9 3 mm2. Milling

experiments on the glassy ribbons were performed using a

Retsch PM400 planetary ball mill and hardened steel balls

and vials. The ribbons were milled at cryogenic temperature

for 5 h at a ball-to-powder mass ratio of 10:1 and at a rota-

tional velocity of 150 rpm. The milling was carried out as a

sequence of 15 min milling intervals interrupted by 15 min

breaks to avoid a strong temperature rise. All sample han-

dling was carried out in a glove box under purified argon

atmosphere (less than 0.1 ppm O2 and H2O). Consolidation

was done by uni-axial hot pressing (HP) and by hot extrusion

under argon atmosphere at 520 K and 500 MPa. The density

of the consolidated samples was evaluated by the Archime-

des principle. The phases and the microstructure were

characterized by X-ray diffraction (XRD) in transmission

configuration using a STOE Stadi P diffractometer (Cu Ka

radiation) and by scanning electron microscopy (SEM) using

a JEOL JSM 6400 microscope. The thermal stability of the

samples was investigated by differential scanning calorimetry

(DSC) with a Perkin-Elmer Diamond calorimeter at 20 K/min

heating rate under a continuous flow of purified argon. For all

the DSC measurements, two successive runs were recorded

with the second run serving as the base line. The calorimeter

was calibrated for temperature and energy with high purity

Indium and Zinc, giving an experimental error for the tem-

perature and enthalpy of less than 1 K and 0.5 J/g,

respectively. The viscosity of the samples as a function of the

temperature was measured by parallel plate rheometry in a

Perkin-Elmer TMA7 thermal mechanical analyzer (heating

rate 10 K/min). Cylindrical specimens of 4 mm diameter and

8 mm length were prepared from the extruded samples

whereas specimens with square section of 4 9 4 mm2 and

8 mm length were prepared from the hot pressed samples. The

specimens were tested with an INSTRON 8562 testing facility

under quasistatic loading (strain rate of 8 9 10-4 s-1) at

room temperature. Both ends of the specimens were polished

to make them parallel to each other prior to the compression

test.

Results and discussion

Figure 1 shows the constant-rate heating DSC scan

(20 K/min) of the as-spun Al85Y8Ni5Co2 ribbons. In the

range of temperature considered the curve is characterized

by a distinct glass transition (Tg), indicating the transfor-

mation from the solid-state glass into the supercooled

liquid, followed by the supercooled liquid (SCL) region
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(DTx = Tx1 - Tg) before three exothermic heat flow

events due to crystallization occur at higher temperature.

The onsets of Tg and of the crystallization events (Tx1, Tx2,

and Tx3) are 538, 560, 602, and 656 K, respectively. The

SCL region, DTx, is 22 K. The enthalpies of crystallization

related to the exothermic DSC peaks are DH1 = 32.1 J/g,

DH2 = 36.4 J/g, and DH3 = 47.7 J/g.

In order to study the structural evolution during heating,

pieces of the as-spun ribbon were annealed in the DSC by

continuous heating at 20 K/min up to different tempera-

tures through the exothermic peaks followed by cooling to

room temperature at 100 K/min. The phases formed were

identified by X-ray diffraction and their patterns are shown

in Fig. 2. The as-spun ribbons show the typical broad

maxima characteristic for amorphous material together

with a broad diffraction peak at about 2h = 44�, most likely

due to the formation of a small amount of fcc Al. When the

sample is heated to 580 K, i.e. above the first crystallization

peak, the XRD pattern displays the formation of fcc Al

(space group Fm3m) [19]. Additionally, an overlapping

broad diffraction maximum due to the residual amorphous

phase can be observed. Heating to the completion of the

second exothermic DSC peak (630 K) leads to the formation

of the Al3Y phase (space group R-3m) [19]. At the same

time, the diffraction peaks belonging to the fcc Al phase

become sharper, indicating grain growth.

Glassy powders with composition Al85Y8Ni5Co2 were

produced by ball milling of melt-spun ribbons. The pul-

verization of the ribbons was achieved by using proper

milling conditions, i.e. interval-milling at low intensity,

corresponding to a rather low kinetic energy, and per-

formed at cryogenic temperature to retain their glassy

structure and to avoid sticking of the material to the milling

tools due to the high ductility of the ribbons [18].

The effects of milling on the thermal stability and the

microstructure of the melt-spun Al85Y8Ni5Co2 ribbon are

shown in Figs. 1 and 3, respectively. Milling for 5 h does not

change the multi-step crystallization behavior characterizing

the as-spun ribbon. The values of Tg, Tx1, Tx2, and Tx3 for the

milled ribbon are 543, 562, 604, and 653 K and are, therefore,

only slightly changed with respect to the as-spun ribbon. The

enthalpies of crystallization were found to beDH1 = 30.4 J/g,

DH2 = 27.2 J/g, and DH3 = 41.9 J/g. This indicates that the

first crystallization event is marginally affected whereas the

subsequent events are much more influenced by the milling

treatment. The mechanical deformation does not induce

crystallization of the glass, as illustrated by the XRD pattern of

the ribbon milled for 5 h (Fig. 3), which, besides the broad

diffraction peak already observed in the as-spun ribbon, does

Fig. 1 DSC scans (20 K/min) for the as-spun Al85Y8Ni5Co2 ribbon,

ribbon ball milled for 5 h and composite samples with 50 and

30 vol.% glass reinforcement

Fig. 2 XRD patterns (Cu-Ka radiation) for the as-spun Al85Y8Ni5Co2

glassy ribbon and ribbon heated at 20 K/min to completion of the first

(580 K) and second (630 K) crystallization events
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not show additional crystalline precipitates. These results

indicate that Al85Y8Ni5Co2 glassy powders displaying strik-

ingly similar structure and crystallization behavior compared

to the parent as-spun sample can be produced by pulverization

of glassy precursors by carefully controlling the milling

conditions.

In order to produce glass-reinforced MMCs, elemental

Al powder was blended with different amounts of

Al85Y8Ni5Co2 milled ribbons and the resulting powders

were milled for 10 min to obtain a homogeneous disper-

sion of the glass reinforcement. The DSC scans of the

MMCs with 50 and 30 vol.% of glassy phase are shown in

Fig. 1. The presence of pure Al does not change the overall

crystallization behavior. In fact, the values of Tg, Tx1, Tx2,

and Tx3 were found to be 269, 286, 329, and 377 K for the

sample with 50 vol.% of glass and 272, 287, 330, and

378 K for the sample reinforced by 30 vol.% of glassy

phase. These values are remarkably similar to the as-spun

as well as to the milled ribbons. The enthalpies of crys-

tallization are DH1 = 13.6 J/g, DH2 = 11.5 J/g, and

DH3 = 18.1 J/g for the sample with 50 vol.% glass and

DH1 = 9.9 J/g, DH2 = 8.1 J/g, and DH3 = 12.7 J/g for the

sample containing 30 vol.% of glassy phase, which, after

normalization by the vol.% of glass reinforcements, gives

similar values with respect to the single-phase milled

ribbons.

The thermal stability investigations of the milled pow-

ders reveal a distinct glass transition followed by a

supercooled liquid region. In this region the powders

exhibit a deformation regime characterized by a viscous

flow behavior [13] that may allow the production of bulk

samples by hot consolidation at temperatures within the

range of the supercooled liquid region [13]. A better insight

into the flow behavior within the SCL can be derived from

viscosity measurements using parallel plate rheometry

[20]. Accordingly, the proper consolidation temperature

was selected by studying the influence of temperature on

the viscosity of the ribbon milled for 5 h (Fig. 4). The

viscosity g can be derived from the change of the height of

the sample versus time as [20, 21]

g ¼ 2Fh3

3pa4ðdy=dtÞ

� �
; ð1Þ

where F is the applied load, a is the radius of the plates,

and h is the height of the sample. This allows viscosity

measurements in the range from 105 to 109 Pa s [20, 21].

The apparent viscosity decreases with increasing temper-

ature from about 1.4 9 1010 Pa s at about 400 K to

2.1 9 109 Pa s at 520 K, most likely due to structural

relaxation. As the glass transition temperature is reached

(above 520 K) and the glassy solid transforms into the

SCL, the curve displays a stronger viscosity drop. At about
Fig. 3 XRD patterns (Cu-Ka radiation) for the as-spun Al85Y8Ni5Co2

glassy ribbon and ribbon ball milled for 5 h

Fig. 4 Temperature dependence (heating rate 10 K/min) of the

viscosity of the supercooled liquid for the single-phase Al85Y8Ni5Co2

glassy ribbon milled for 5 h and for the composite samples with 50

and 30 vol.% glass reinforcement
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565 K crystallization sets in and the viscosity abruptly

increases with increasing temperature, indicating the loss

of liquid-like behavior. The values of Tg and Tx1 evaluated

from the viscosity measurements are in good agreement

with the data determined from the constant-rate heating

DSC scans given the different heating rate used for the

experiments (10 K/min for g and 20 K/min for DSC).

Similar results were observed for the MMCs with different

volume fractions of Al85Y8Ni5Co2 glass (Fig. 4).

The MMCs with different amounts of glass reinforce-

ments were consolidated by hot pressing followed by hot

extrusion. Consolidation was performed at 520 K, to take

advantage of the viscosity drop in the supercooled liquid

regime, using a pressure of 500 MPa. By using these

consolidation parameters, extrusion was performed in

10 min, a sufficiently short consolidation time to avoid

crystallization of Al-based glassy powders [18]. For com-

parison purposes, a bulk specimen was produced by

extrusion of pure Al powders using the same consolidation

parameters as used for the MMCs. In addition, a single-

phase Al85Y8Ni5Co2 glassy sample was consolidated by

hot pressing. No extrusion of the hot pressed single-phase

glass was possible in the present consolidation conditions.

Figure 5 shows the relative density of the consolidated

samples as a function of the volume fraction of glass

reinforcement. The relative density of the specimens with

respect to the density of the starting materials used for the

melt spinning experiments (i.e., the cylindrical rods of

crystalline intermetallic compounds) decreases from 99.2%

for the sample with 30 vol.% of glass reinforcement to

97.4% for the specimen with 50 vol.% of glassy phase and,

finally, to 96.7% for the single-phase glass (100 vol.%). A

similar behavior was reported for Al-based MMCs rein-

forced with SiC particles [22, 23] and was ascribed to

clustering of the reinforcing particles [23].

Figure 6a and b shows SEM images of the composites

with 30 and 50 vol.% glass reinforcement, respectively.

The images display a homogeneous distribution of flake-

shaped particles (the glassy phase) dispersed in the fcc Al

matrix. No porosity is visible, further corroborating the

high density of the samples. On the other hand, the SEM

image of the single-phase Al85Y8Ni5Co2 glassy specimen

produced by hot pressing of the milled ribbons (Fig. 6c)

displays a large number of pores. This indicates that

incomplete bonding between the particles has occurred

during consolidation, leading to a rather poor densification

of the material.

As a typical example of the structure of the consolidated

composites, Fig. 7 shows the XRD pattern of the MMC

with 50 vol.% of Al85Y8Ni5Co2 milled ribbon. The pattern

is characterized by few narrow diffraction peaks belonging

to the fcc-Al phase together with the broad maximum

belonging to the glassy phase at about 2h = 39�. This

indicates that no crystallization of the glass occurred during

consolidation of the composites.

Typical room temperature uni-axial compression-true

stress–true strain curves of the tests under quasistatic

loading for the composite materials are shown in Fig. 8

together with the curves for pure Al and the single-phase

glass. The observed fracture strains exceed 40% for all the

composite materials; however, due to the strong softening

characterizing the composite specimens after reaching the

maximum stress, the compression tests shown in Fig. 8

were stopped after reaching the maximum strength and

before fracture occurrence. Pure Al exhibits an elastic

regime of 0.2% before yielding, which occurs at about

75 MPa. After yielding the stress increases with increasing

strain, and the sample exhibits work-hardening up to the

maximum stress of 155 MPa, reaching a strain at maxi-

mum stress of about 25%. The mechanical properties of

pure Al are remarkably increased by the addition of the

glass reinforcement. The specimen containing 30 vol.%

glass displays an elastic regime of 0.3% and a yield

strength of 120 MPa. The maximum stress is raised to

255 MPa while retaining a strain at maximum stress of

about 10%. When the amount of glassy phase is further

increased to 50 vol.% the elastic range is still 0.3% while

the yield and maximum stress further increase to 130

and 295 MPa, respectively, and the strain at maximum
Fig. 5 Relative density of the consolidated samples as a function of

the volume fraction of glass reinforcement
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stress is found to be about 7%. Finally, the single-phase

Al85Y8Ni5Co2 glass produced by hot pressing only exhibits

an elastic regime of 1.45% and a maximum stress of about

400 MPa, which is remarkably lower than that observed for

melt-spun ribbons with the same composition (1,250 MPa)

[24]. This is most likely due to the residual porosity and to

the imperfect particle bonding characterizing the sample,

which may lead to the early failure of the material.

The prediction of the overall mechanical properties of a

composite from the properties of the single constituents is

an important prerequisite for the material design and

application. Among the different methods for estimating

the mechanical properties of a composite, the rule of

mixtures (ROM) is the simplest and the most intuitive [25,

26]. The ROM considers the properties of the composite as

volume-weighted averages of the components properties

and assumes that the components are non-interacting dur-

ing deformation [27]. This approach has been extensively

used to model the mechanical properties of fiber-reinforced

matrix composites [27, 28]. Two ROM methods have been

widely employed to predict the mechanical properties of

composites [25, 28]: (i) the Voigt model, based on the

equal strain assumption and (ii) the Reuss model, based on

the equal stress assumption. Although these models have

been derived for the elastic properties of composites, they

have been also used for the overall plastic regime [25, 24,

28–30].

Fig. 6 SEM micrographs for

the hot extruded composites

with (a) 30 vol.% and (b)

50 vol.% glass reinforcement,

and (c) hot pressed single-phase

Al85Y8Ni5Co2 glassy powder

Fig. 7 XRD patterns (Cu-Ka radiation) for the hot pressed and hot

extruded composite with 50 vol.% of Al85Y8Ni5Co2 glass

reinforcement
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The Voigt or iso-strain model assumes that the two

components, matrix and reinforcement, experience the

same strain during deformation [27]. For the stress of the

glass-Al matrix composite [31], this can be written as:

rc ¼ Vglrgl þ VAlrAl ð2Þ

where V is the volume fraction, r is the strength, and the

subscripts c, gl, and Al indicate the composite, the glass

reinforcement, and the Al matrix, respectively. It is often

observed that the strength of a composite is lower than

predicted by the Voigt model [32]. This is generally

attributed to (i) inadequate bonding, (ii) porosity, and (iii)

inherent material defects, e.g. cracks [32]. Therefore, the

iso-strain treatment represents the upper bound.

The lower bound is given by the Reuss or iso-stress

model, which assumes that the composite exhibits equal

stress in the two components [27]. For the stress, this can

be written as:

rc ¼
Vgl

rgl

þ VAl

rAl

� ��1

ð3Þ

The effect of the porosity on the mechanical properties

of a composite can be taken into account by considering the

volume of the composite material to be made up of three

different volumetric components, i.e. reinforcement,

matrix, and porosity [33]:

Vc ¼ Vgl þ VAl þ Vp; ð4Þ

where the subscript p denotes the porosity.

The values of the maximum stress and the strain at

maximum stress as a function of the amount of the

Al85Y8Ni5Co2 glass reinforcement are shown in Fig. 9a

and b together with the values of the glassy ribbon [24] and

of the single-phase glass consolidated by hot pressing

(present work). The strength of the samples strongly

deviates from the Voigt model (dotted line) and, instead,

can be fitted well by using the Reuss model [corrected for

porosity by Eq. 4] (dashed line). This behavior indicates

that the compressive strength obeys the iso-stress model.

The significant difference in strength observed between the

single-phase Al85Y8Ni5Co2 glass consolidated by hot

pressing (400 MPa) and the melt-spun glassy ribbon with

the same composition (1,250 MPa) [24] cannot be exclu-

sively ascribed to the effect of porosity. In fact, the

maximum stress of a melt-spun ribbon with the density of

the HP glass calculated by Eq. 3 should exceed 1,000 MPa

[open triangle in Fig. 9a]. Most likely, the considerably

low strength of the HP sample is due to inadequate bonding

between the particles.

Figure 9b shows the strain at maximum stress for the

different composite materials. No values for the strain are

available for a fully dense glassy specimen [such as for the

melt-spun glassy ribbon in Fig. 9a]. Therefore, the strain

value of the low-density single-phase Al85Y8Ni5Co2 glass

consolidated by HP was used in the data fitting. Similar to

the maximum stress values in Fig. 9a, the corresponding

strain at maximum stress can be well fitted using the iso-

stress Reuss model. Although lower than predicted by the

Reuss model, the strain of the HP specimen follows the iso-

stress treatment within the experimental error. This indi-

cates that the poor particle bonding is less significant in

affecting the strain of the single-phase glass.

The validity of the Reuss model for the description of

the composites studied in the present work is justified by

the following considerations. The milled ribbons used as

reinforcements are in the form of flake-shaped particles.

Therefore, they can be treated as short fibers as a first

approximation. Although not aligned along the same

Fig. 8 Room temperature compression stress–strain curves for the

hot pressed and hot extruded pure Al, hot pressed and hot extruded

composite with 30 vol.% of Al85Y8Ni5Co2 glass reinforcement, hot

pressed and hot extruded composite with 50 vol.% glass reinforce-

ment and hot pressed single-phase Al85Y8Ni5Co2 glassy powder

Fig. 9 (a) Maximum stress and (b) strain at maximum stress

(evaluated from Fig. 8) as a function of volume percent of glass

reinforcement for the samples: (j) hot extruded, (h) hot pressed, (s)

single-phase Al85Y8Ni5Co2 melt-spun glassy ribbon from Ref. [24],

and (r) calculated from Eq. 3 (see text)

4524 J Mater Sci (2008) 43:4518–4526

123



direction, they tend to lie on the same plane (see Fig. 6a

and b), which is normal to the applied stress during the

compression test. Therefore, such composites can be con-

sidered as a random fiber array in a matrix deformed

perpendicularly to the fiber direction, the latter being a

requirement for the application of the iso-stress model [27].

In addition, it has been reported that the Voigt model fits

the data well for a high volume fraction of reinforcement

[26]. In this case, the deformation affects the reinforce-

ments as a consequence of the smaller distance between the

particles/fibers [26]. On the other hand, the Reuss model

works well for small volume fractions and longer distances

between the reinforcements, where the deformation mainly

occurs in the soft matrix [26]. In the current work, the

amount of reinforcements is relatively low (B50 vol.%)

and the distance between the particles is large ([50 lm).

Therefore, most likely the plastic deformation occurs

mainly in the matrix and the mechanical properties obey

the iso-stress model.

Conclusions

Glass-reinforced Al-based MMCs with high strength

combined with considerable ductility have been produced

by powder metallurgy methods. Al85Y8Ni5Co2 glassy

powders were produced by pulverization of the melt-spun

glassy ribbons. To retain their glassy structure and to avoid

sticking of the material to the milling tools due to the high

ductility of the ribbons, proper milling conditions were

used (i.e. interval-milling at low intensity, corresponding to

a rather low kinetic energy, performed at cryogenic tem-

perature). The MMCs with different amounts of glass

reinforcements were consolidated into bulk specimens by

hot pressing followed by hot extrusion at temperatures

within the supercooled liquid region. The addition of the

glass reinforcement remarkably improves the mechanical

properties of fcc Al. The maximum stress increases from

155 MPa for pure Al to 255 and 295 MPa for the samples

with 30 and 50 vol.% of glassy phase, respectively,

while retaining appreciable ductility. The single-phase

Al85Y8Ni5Co2 glass was consolidated by hot pressing

alone. No extrusion of the single-phase glass was possible

at temperatures below the crystallization temperature.

Room temperature compression tests of the single-phase

glass reveal low strength and no ductility due to the

residual porosity of the consolidated specimen. The

mechanical properties of the glass-reinforced composites

can be modeled by using the iso-stress Reuss model, which

allows the prediction of the mechanical properties of a

composite from the volume-weighted averages of the

components’ properties.
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