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A composite of a Zn22Al22Cu matrix and NaCl particles was developed to establish whether this material could be hot-rolled and, if
feasible, to determine the structural changes according to the initial matrix microstructure and percent section reduction achieved with this
process. The composite was made by melting the alloy, adding the particles, molding, compressing the mixture of metal and particles, and air
cooling, with an approximate (mass of particles)/(mass of alloy) ratio equal to 0.6. Plates of the composite with the initial cast-metal matrix
microstructure and with a heat-treated initial fine-grained matrix microstructure were hot-rolled in two stages to approximately 80% section
reduction at 230◦C. Plate samples that were not rolled, plates hot-rolled to approximately 50% section reduction and plates hot-rolled to the
maximum percent reduction were mirror-polished, and the matrix and NaCl-particle interfaces were analyzed and imaged with a scanning
electron microscope. Vickers microhardness was measured in the matrix and in NaCl particles, and Rockwell hardness F of the nonrolled and
hot-rolled composites was determined. The cast-metal matrix microstructure acquired shape texture without recrystallization, while the fine-
grained matrix microstructure recrystallized with increasing rolling %. The NaCl particles deformed together with the matrix and hardened,
with the hardening speed being greater when the matrix was fine-grained. The composite could be hot-rolled with either microstructure, with
the cast-metal matrix microstructure being more favorable. The hot-rolling of this material allows the production of thin cellular sheets to be
obtained.
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1. Introduction

The alloy of eutectoid composition Zn22Al has been studied
extensively. It has been known for a long time that this mate-
rial is superplastic when it has a fine-grained microstructure
of a phase rich in Al (α) and another phase rich in Zn (η) and
deforms at a quasistatic deformation rate [1,2] at a temper-
ature close to 0.5 Tf (the melting temperature of the alloy),
plastically deforming several hundred percent before fractur-
ing.

This microstructure is achieved, for example, by apply-
ing a heat treatment to this alloy, consisting of maintaining
it at a temperature above 273◦C for approximately 45 hours
and subsequent tempering in a water or ice-water bath. This
procedure has been used alone or in combination with other
techniques to study different aspects of the superplastic be-
havior of this alloy [3-6].

The Zn22Al alloy has been used as a base alloy for the
manufacture of other alloys with different types and amounts
of solutes, for example, the solutes Cu [7-10], Si [11], Ti [12]
Ag [13], Ce [14] and Fe [15], to investigate superplastic

behavior, phase transformations, mechanical and physical
properties, and evolution of the microstructure.

In addition, the Zn22Al alloy has been used as the matrix
of composites [16-18] and has been converted to a foam alloy
[19,20] and composite foam [21,22] to investigate mechani-
cal properties.

Among the various alloys derived from the Zn22Al al-
loy with certain solutes is the Zn22Al2Cu alloy, which has
been interesting to researchers and technologists. This alloy
is reported to have higher corrosion resistance than galva-
nized products, can be hot-rolled [23] and is weldable [24].
A fine microstructure is obtained by performing the afore-
mentioned procedure for the Zn22Al alloy without Cu, and
this alloy also has superplastic properties [25]. This alloy has
been used as a matrix for composites with structural compo-
nents of Al2O3, hydroxyapatite or graphite [26], ZnO [27],
solid glass spheres [28,29], and SiC [30] to investigate the
mechanical properties of these composites and has been ob-
tained as a cellular alloy [31,32].

One way to make cellular metals is to use particles as
space maintainers or NaCl preforms that can be, for exam-
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ple, infiltrated by the alloy in the liquid state [33], and the
resulting composite in the solid state is immersed in boiling
water for a certain amount of time to dissolve NaCl. This
cellular alloy has, similar to all materials of its kind, multiple
properties and applications [34]. The same cellular alloy can
serve as a vibration damper, a support for catalysis, a heat
exchanger, a filter, and a protective wrap for fragile objects,
with the advantage of having twice the mechanical strength
of aluminum foams.

In a related co-authored work involving the authors of this
study, concerning the Zn22Al2Cu-NaCl composite with six
different densities, two NaCl grain textures, and matrix mi-
crostructures similar to those used in this work, tested under
compression at room temperature, it was established that the
NaCl particles do not reinforce the matrix; rather, they de-
form along with it, especially when the composite has the
lowest density, a cast matrix microstructure, and smoothed
NaCl grains [35].

NaCl is an ionic solid with a face-center cubic crystallo-
graphic structure. NaCl monocrystals exhibit a stress-strain
curve similar to that of metals with the same crystallographic
structure [36]. NaCl polycrystals are brittle at room temper-
ature but ductile at temperatures above 200◦C [37].

Therefore, the Zn22Al2Cu-NaCl composite is expected
to be successfully formed above 200◦C, as the superplastic
behavior of the matrix alloy also occurs above 200◦C for this
purpose, sharp NaCl particles could potentially be used.

This work investigates whether the Zn22Al2Cu-NaCl
composite can be hot-rolled using two different initial ma-
trix microstructures: one obtained during material fabrica-
tion (cast-metal matrix microstructure) and another obtained
by heat treatment (fine-grain matrix microstructure).

If hot rolling is possible, the changes in each initial ma-
trix microstructure will be established as the percentage re-
duction in the composite’s cross-section increases. The pro-
duction of sheets of this composite is crucial, as they can be
easily transformed into very thin cellular sheets for use as fil-
ters, heat sinks or composite sheets assembled into a stack
within an insertable and replaceable cartridge in a water hy-
drolysis chamber for green hydrogen production. However,
additional tests and measurements must be performed, such
as, for example, determining the cell size, electrical conduc-
tivity, and corrosion resistance of the sheets that will integrate
the cartridge.

2. Experimental procedure

2.1. Preparation of the matrix alloy

The Zn22Al2Cu alloy was produced by conventional casting
at 700◦C. Zn, Al and Cu ingots were used with purities of
99.99%, 99.27% and 99.999%, respectively. A Velab VE-
300 scale with a precision of10−4 g was used to obtain the
correct quantities of the elements. A zirconia-lined graphite
crucible and a Lindberg 5189A muffle furnace were used for

the casting. The density of the alloy was obtained by the
Archimedean method, resulting in a value of 5.4 g/cm3.

2.2. NaCl particles

The NaCl particles used had an irregular shape and an av-
erage size of2.25 ± 0.25 mm. The particles were selected
by sifting different-sized particles. The physical properties
of the particles were an elastic modulus of approximately
40 GPa, a melting temperature of 816◦C, and a density of
2.16 g/cm3.

2.3. Composite manufacturing

The composite was elaborated by remelting 800 g of the alloy
at 700◦C and preheating 480 g of NaCl particles, equivalent
to 0.6 times the mass of the alloy, at 400◦C. This ratio ensures
the production of a low-density composite, which will have
a greater plastic deformation under compression, as found in
another research [35] co-led by the authors of this work. The
hot NaCl particles were then submerged in the liquid alloy
and pushed in with a piston to retain them while the mixture
cooled in air until complete solidification.

The average density of the composite was determined by
establishing the average value of the mass/volume ratios of
several sections. An average density of 3.0835 g/cm3 was
obtained.

Using the equation of the mixture rule [38] for the com-
posite density, in terms of volume fractions and densities of
NaCl and matrix alloy, 2.16 g/cm3 and 5.4 g/cm3, respec-
tively, and the experimental value of the composite density,
3.0835 g/cm3, a volume percentage of NaCl 71.5 is obtained.

The composite obtained was cut into two equal parts, and
one part was subjected to a heat treatment as described in
section 2.4 to change the initial microstructure of the matrix.
Subsequently, the two halves of material were cut into 8 mm-
thick sections for hot-rolling.

2.4. Microstructures in the matrix

The initial matrix microstructures were obtained by casting
and heat-treatment. The first microstructure was formed by
air-cooling during the last stage of the composite manufac-
turing process; the other microstructure was obtained after
the composite with cast metal microstructure was heated and
maintained at 350◦C for 45 hours and then tempered in ace-
tone at 1◦C.

Samples of the casting material with heat-treatment were
finely ground and submerged in C2H6O at 1% HNO3 to re-
veal the microstructure. A JEOL JCM 600 portable scan-
ning electron microscope and a JEOL JSM-7600F field emis-
sion electron microscope were used to characterize the mi-
crostructures. The compositions of the constituents in each
initial matrix microstructure of the samples were determined
by energy-dispersive X-ray spectroscopy (EDXS).

The microhardnesses (10 g test charge) of the constituents
of each initial matrix microstructure and the embedded NaCl
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particles and the Rockwell hardness F of the nonrolled com-
posites were determined using a Micromet 2003 micro-
durometer and a Misawa Seiki Seisakusho durometer.

All measurements were made on both sides of the 0.8 cm
thick plate of the composite with one and the other mi-
crostructure, performing approximately a similar number of
measurements in regions from one end of the plate to the
other to complete, according to the dispersion of the data, be-
tween 10 and 15 Vickers microhardness measurements on the
matrix; 11, on NaCl grains, and between 10 and 27 Rockwell
F hardness measurements.

2.5. Hot-rolling process

The alloy without NaCl grains was not hot rolled because this
work was performed and reported by Negrete [23].

Plates approximately 8 mm thick with the cast-metal ma-
trix microstructure and the fine-grained matrix microstruc-
ture obtained after heat-treatment were hot-rolled at an angu-
lar velocity of 10 revolutions/minute (4 mpm) and a tempera-
ture of 230◦C using a FENN 5a mill rolling (with rollers of 5”
diameter) until a plate thickness reduction of approximately
80% was achieved: the final thickness of the sheets obtained
was approximately 1.6 mm. The temperature and angular ve-
locity were chosen based on what has been reported about the
rolling Zn22Al2Cu alloy [23].

The effects of rolling on the composite were evaluated
with metallographic studies, making observations and tak-
ing images of different zones of the matrix and interfaces
between constituents in plates with different microstructures

and with approximately 50% and 80% reductions in thick-
ness using the electronic microscopes mentioned in Sec. 2.4.

The average Vickers microhardness of constituents in re-
sulting microstructures and the medium Rockwell hardness
F of the hot-rolled plates were determined by taking a simi-
lar measurements number on both sides of the sheets, as de-
scribed in the previous section, after each percentage reduc-
tion in area. The compositions of different microstructural
zones in the matrix were determined by EDXS. The samples
used had been previously polished with a diamond suspen-
sion and then subjected to ultrasonic cleaning with acetone
and drying with warm air.

3. Results

3.1. Microstructures in the matrix

3.1.1. Initial microstructures

The initial cast-metal matrix microstructure of the nonrolled
composite is shown in Fig. 1a). The microstructure consisted
of dendrites and an interdendritic component.

The compositions determined by EDXS in the different
zones (dendrite center, dendrite edge, interdendritic contour
and interdendritic zone) of the initial cast-metal matrix mi-
crostructure are presented on the left side of Table I. These
data show that the Zn and Cu contents increased and the Al
content decreased from the center of the dendrites to the inter-
dendritic zone. The Cu content in the interdendritic contours
did not follow this pattern, as the amount of Cu measured in
this zone was less than the amount of Cu at the dendrite edge.

TABLE I. Composition of the constituents in the nonrolled initial cast-metal matrix microstructure and 47.6% hot-rolled composite by EDXS.

Not rolled 47%hot-rolled

Constituent or region Zn(%p) Al(%p) Cu(%p) Zn(%p) Al(%p) Cu(%p)

Dendritic center 52.70 46.29 0.40 61.07 38.93 0.00

Dendrite edge 63.42 34.04 2.54 71.59 28.41 0.00

Interdendritic contour 67.97 30.72 1.31 89.00 3.96 7.05

Interdendritic zone 93.14 2.22 4.64 91.36 2.51 6.13

FIGURE 1. a) Initial cast-metal matrix microstructure and the resulting microstructures for b) 47.6% and c) 82% section reduced composites
rolled at 230◦C. D: dendrite, I: interdendritic zone.
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FIGURE 2. a) Initial fine-grained matrix microstructure and the resulting matrix microstructures for b) 58.33% and c) 78% section reduced
composites hot-rolled at 230◦C.

TABLE II. Composition of the nonrolled fine-grained matrix microstructure and constituents in the composite hot-rolled to 78% as measured
by EDXS.

Not rolled 78%hot-rolled

Constituent or region Zn(%p) Al(%p) Cu(%p) Zn(%p) Al(%p) Cu(%p)

Dark embedded region [see Fig. 2c)] * * * 63.91 34.24 1.85

Thin pearlite-type substructure (see Fig. 2c)] * * * 70.82 27.26 1.92

Fine particles [see Fig. 2a)] 77 21 2 74.24 23.99 1.77

Light embedded islands [see Fig. 2c)] * * * 84.70 12.20 3.10

The microstructure obtained in the matrix with the appli-
cation of heat treatment is shown in Fig. 2a): the microstruc-
ture was composed of two types of alternating regions with
fine constituents alternating between light (rich in Zn) and
dark (rich in Al). One type of region had much finer con-
stituents. This microstructure is hereafter called the fine-
grained matrix microstructure.

The composition of the initial fine-grained matrix mi-
crostructure is shown on the left side of Table II, which was
approximately the overall composition of the alloy matrix.

3.1.2. Microstructures produced by hot-rolling

The matrix microstructures of the initial cast-metal 47.6%
and 82% hot-rolled composites are shown in Figs. 1b) and
1c), respectively. These figures show that the dendrites and
interdendritic components became increasingly deformed as
the rolling percentage increased.

The compositions established by EDXS in different zones
(dendrite center, dendrite edge, interdendritic contour and in-
terdendritic zone) of the microstructures obtained in the ini-
tial cast-metal 47.6% hot-rolled composite are presented on
the right side of Table I.

These data show that the content of Zn goes from lowest
to highest and that of Al from highest to lowest from the cen-
ter of the dendrites to the interdendritic zone, as established
in the initial cast-metal microstructure. The Cu content was
null in the dendrite center and edge and was higher in the
interdendritic contour than in the interdendritic zone. In ad-
dition, the contents of all the detected elements were higher
in all the zones of this matrix microstructure compared with

those established in each similar zone in the microstructure
of the nonrolled cast-metal matrix composite.

Figure 3 shows micrographs at higher magnification of
the microstructures obtained after 47.6% and 82% hot-rolling
of the initial cast-metal matrix composite. The figures clearly
show that an increase in the size of the components of the
dendrite substructure occurred when the rolling percentage
increased.

Figures 2b) and 2c) present the microstructures obtained
after 58.33% and 78% hot-rolling at 230◦C of the initial fine-
grained matrix composite. The size of the constituents in-
creased, and then, new light and dark islands were formed;
the former were greater in quantity, evenly distributed, and
surrounded by regions of fine pearlite and a fine-particle sub-
structure, increasing with the section percentage reduction at
230◦C of the initial fine-grained matrix composite.

The compositions of the dark islands, regions with a fine
pearlite substructure, regions of fine particles and light is-
lands in the microstructure of the 78% hot-rolled composite
with the initial fine-grained matrix microstructure are shown
on the right side of Table II. All the alloying elements were
present in these constituents.

The regions with Zn contents from lowest to highest and
Al contents from highest to lowest were in the following or-
der: the dark islands, regions with a fine perlite substruc-
ture, fine-particle regions, and light islands. The Cu content
was approximately the same (between 1.77% and 1.92% by
weight) in the first three constituents and slightly higher (by
more than 1%) in the light islands. The contents of Zn and
Cu decreased slightly in the fine-grained regions with rolling.

Rev. Mex. Fis.72051002



HOT-ROLLED ZN22AL2CU-NACL COMPOSITE WITH INITIAL FINE-GRAINED AND CAST-METAL MATRIX MICROSTRUCTURES 5

FIGURE 3. Higher magnification micrographs of the microstructures obtained for the initial cast-metal matrix composites with a) and b)
47.6% and c) and d) 82% section reduction at 230 . An increase in the size of the components of the dendrite substructure is observed when
the % section reduction increases. D: dendrite, I: interdendritic zone.

3.2. Vickers microhardness and Rockwell hardness F

The variation of the Vickers microhardness at room tempera-
ture in the matrix and NaCl particles with section reduction of
the composites with the two types of initial microstructures
hot-rolled at 230◦C is shown in Fig. 4.

The initial fine-grained microstructure was harder than
the initial cast-metal matrix microstructure, while the NaCl
particles embedded in the fine-grained microstructure were
softer than those in the cast-metal microstructure.

FIGURE 4. Variation of the Vickers microhardness established at
room temperature in the matrix and NaCl particles with % section
reduction of the initial cast-metal and fine-grained composites hot-
rolled at 230◦C.

For the initial fine-grained composite, the matrix was
fully softened from the first stage of rolling and remained
soft after the maximum section reduction; for the initial cast-
metal composite, the matrix first hardened and then signifi-
cantly softened with increasing section reduction.

In the fine-grained composite, the NaCl particles reached
maximum hardness at the first stage of rolling, while for the
cast-metal composite, the NaCl particles had almost constant
hardness from the nonrolled state to the first stage of rolling
and then acquired maximum hardness when the composite
was hot-rolled to the maximum percentage.

The microhardness of the NaCl particles was consider-
ably lower than the microhardness of the matrix for both
types of microstructure before rolling and after each rolling
step.

The variation of the Rockwell hardness F determined at
room temperature in the two different composites with the
section reduction at 230◦C is shown in Fig. 5.

The hardness of the composites first increased and then
substantially decreased with increasing section reduction re-
gardless of the initial matrix microstructure, with the Rock-
well hardness F being greater for the initial fine-grained com-
posite.

4. Discussion

Images in Fig. 1 show that the components became increas-
ingly elongated as the area reduction percentage of the com-
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FIGURE 5. Variation of the Rockwell hardness F measured at room
temperature with % section reduction of the initial cast-metal and
fine-grained composites at 230◦C.

posite increases. The cast-metal matrix microstructure then
acquires the texture of the shape during the rolling process.

The initial fine-grained matrix microstructure undergo
constituent growth and the formation of new phases and con-
stituents, as seen in Fig. 2 and Table II; that is, this mi-
crostructure recrystallizes as hot rolling progresses.

The thermal energy and the energy contributed by rolling
the initial cast-metal composite increased the Zn content of
most of the components except the interdendritic region.
These energies caused the compositions of the centers and
edges of dendrites to become uniform, resembling the eu-
tectoid Zn22Al composition reported in the Al-Zn equilib-
rium diagram [39]. The compositions of the interdendritic
zone and the interdendritic contours approximated the eutec-
tic Zn4.5Al composition, modified with Cu, of the same dia-
gram. In addition, the Cu came out of the dendrites and en-
tered the interdendritic zones and the interdendritic contours.

In the microstructure of the initial fine-grained composite
rolled to a 78% section reduction at 230◦C, the fine parti-
cle and fine pearlite regions had approximately the eutectoid
compositions Zn22Al and Zn30.5Al, respectively, of the Al-
Zn equilibrium diagram [39], but they had Cu. The light and
dark islands were both rich in Zn and low in Cu content, but
the dark islands had approximately 2.8 times as much Al as
the light islands. The latter were nonequilibrium phases with
compositions that did not resemble the phases reported in the
aforementioned Al-Zn equilibrium diagram.

The lower microhardness of the NaCl particles in the
initial fine-grained matrix was probably due to the increase
of NaCl particle crystal size when the composite was main-
tained at 350◦C for 45 hours before being tempered to pro-
duce the fine-grained microstructure in matrix.

The deformation of the constituents in the initial cast-
metal composite caused hardening of the matrix to approx-
imately 47.6% section reduction of the composite, while the
increase in the size of the constituents and the appearance of
new constituents due to increasing section reduction were as-
sociated with continuous softening of the initial fine-grained

matrix, Fig. 4. Reportedly, the microstructure of fine particles
softens when deformed [23,40].

The considerable softening of the matrix that occurred
above the 47.6% section reduction of the composite with the
initial cast-metal matrix microstructure could be due to the
increase in the size of the constituents that form the dendrite
substructure, as seen in Fig. 3.

The NaCl particles were hardened by deformation with
increasing section reduction regardless of the matrix mi-
crostructure of the composite, hardening faster when the par-
ticles were embedded in the initial fine-grained microstruc-
ture, as seen in the lower part of Fig. 4.

Gabrielet al. reported [24] that the constituents of the
fine-grained microstructure of the Zn22Al2Cu alloy are dis-
location free. Thus, in the composite studied here with this
matrix microstructure, the stress applied during rolling was
transferred from constituent to constituent in the matrix and
then almost entirely to the NaCl particles. For the initial cast-
metal composite, the stress applied during rolling caused de-
formation of the cast-metal matrix, attenuating the stress ul-
timately applied to the particles embedded in the matrix. For
this reason, hardening by deformation was achieved more
quickly for the NaCl particles embedded in the initial fine-
grained microstructure.

As seen in Fig. 5, the Rockwell hardness F variations es-
tablished for both types of composites indicate that the NaCl
particles oppose the plastic deformation of the matrix, act-
ing as structural reinforcement until the first stage of section
reduction. This effect becomes more evident when the mi-
crostructure transfers more stress to the NaCl particles, such
as with the fine-grained microstructure, as explained in the
previous paragraph.

This opposition of the NaCl particles to the plastic defor-
mation of the matrix was more significant for the initial fine-
grained microstructure. This is inferred because the Rock-
well hardness F established of the fine-grained composite in-
creased until the first stage of rolling, as seen in Fig. 5, al-
though the matrix was continuously softened, the NaCl par-
ticles hardened slightly with rolling, and the particles were
softer than the matrix, as seen in Fig. 4.

The decrease in the Rockwell hardness F of both types of
composites from the first section reduction to the last section
reduction, as seen in Fig. 5, maybe is due to the existence
of more extensive areas of NaCl exposed on the surface of
the plates, as seen in Figs. 7a) and 7b). Another factor caus-
ing this phenomenon could be the absence of a matrix below
certain NaCl particles.

The Rockwell hardness F variation of the initial cast-
metal matrix microstructure composite fully agreed with the
microhardness variation of the matrix.

Figure 6 shows images of the initial cast-metal matrix mi-
crostructure composite for different percentages of section re-
duction. Through these images, deformation and thinning of
the matrix and the embedded NaCl particles were observed
as the percentage of section reduction increased.
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FIGURE 6. Micrographs of the initial cast-metal matrix microstructure composites a) not rolled and b) with 47.6% and c) 82% section
reduction at 230◦C. The increase in the deformation and thinning of the matrix and salt particles is observed with increasing section reduction.
M: matrix.

FIGURE 7. a) Nonrolled plate, b) sheet obtained with 82% section reduction of the Zn22Al2Cu-NaCl composite, and c) cellular sheet
obtained by dissolving the NaCl in a sheet with 82% section reduction in boiling water. Initial cast-metal matrix microstructure. M: matrix.

The requirement of support of a greater percentage of
stress imposed by the initial fine-grained microstructure on
the NaCl particles results in increased brittleness in addition
to the inherent brittleness of the salt, as NaCl is a solid formed
by ionic bonds, which is associated with its hardening by de-
formation. This brittleness was evidenced by the presence of
cracks in certain particles and by the separation or exfoliation
of the NaCl particles of the composite hot-rolled at the max-
imum percentage when polishing or during ultrasonic clean-
ing of the samples, as seen on the right side of Fig. 2c).

Figure 7 shows a nonrolled plate, a piece of sheet of the
initial cast-metal matrix microstructure composite with 82%
section reduction, and a piece of sheet with the same ini-
tial microstructure and percent section reduction in which the
NaCl was dissolved with boiling water, resulting in a cellular
sheet of Zn22Al2Cu alloy.

A potential application of thin sheets of the Zn22Al2Cu-
NaCl composite would be as an easily replaceable array
of sheets in a receptacle that produces green hydrogen by
splitting water molecules through alkaline hydrolysis: this
method is considered one of the two main commercially
available methods and is likely to become the dominant tech-
nology for green hydrogen production in the immediate fu-
ture [41-44].

The metal in an array of sheets of this composite, forming
a kind of cartridge, would be one of the electrodes immersed

in the water to be hydrolyzed. After the NaCl dissolves in
the water, the multiple cells of the Zn22Al2Cu cellular al-
loy would have a larger surface area, as shown in Fig. 7c),
which could improve the efficiency of H2 production in the
receptacle. Once the salt has dissolved and the function of
these sheets is completed, the cartridge can be removed and
each of its sheets can be reused in one or more of the multiple
recognized applications for cellular materials [34].

The very thin composite sheets, converted into cellular
sheets, could also be used, for example, as air filters or heat
sinks.

The proposed applications require complementary stud-
ies and measures to verify their viability.

5. Conclusions

Zn22Al2Cu-NaCl composite can be hot-rolled at 230◦C.
By increasing the section reduction of the composite, the
constituents of the initial cast-metal matrix microstructure
mainly acquire shape texture, the sizes of the dendritic sub-
structures slightly increase, and the constituents tend to be
similar in composition. In contrast, for the initial fine-grained
microstructure, the constituents grow, and new constituents
later appear. The NaCl particles are hardened by deformation
with increasing section reduction of the composite, with the
speed of hardening being greater when the matrix has an ini-
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tial fine-grained microstructure. Hot-rolling to approximately
50% section reduction produces plates of Zn22Al2Cu-NaCl
composite with increased hardness and plastic deformation
strength when the initial matrix microstructure is fine-grained
or cast. Thin sheets of cellular alloy Zn22Al2Cu can be ob-
tained with this process under the conditions used in this
work and by dissolving the salt in boiling water. Both mi-
crostructure types of this composite can be hot-rolled, with
the cast-metal microstructure being more suitable because the

integrity of the composite is maintained.
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