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The composition and structural modification of high-aluminum zinc alloys and high-zinc aluminum alloys
influence their wear properties and structural stability. The work described has been aimed at improving
properties of the sand-cast Al-Zn-based foundry alloys, particularly their ductility and dimensional sta-
bility, by melt inoculation and/or change of chemical composition. In a series of studies, high-aluminum Zn-
(25-26) wt.% Al-(1-2.5) wt.% Cu and high-zinc Al-(27-30) wt.% Zn-(1.5-2.5) wt.% Cu alloys have been
doped with different levels of added Ti and Mn. The alloys� structure and mechanical properties have been
studied using scanning electron microscopy (SEM), light microscopy (LM), dilatometry and pin-on-disk
wear measurements. A small addition of Ti introduced with Zn-4Ti master alloy leads to significant grain
refinement of the high-aluminum zinc alloys. A small addition of Ti introduced with Al-3Ti-0.15C master
alloy leads to significant grain refinement of the high-zinc aluminum alloys. In the ternary alloys, partially
replacing Cu with Ti and/or Mn allows dimensional changes to be reduced while preserving good wear
properties.

Keywords grain refinement, high-aluminum zinc alloys, high-
zinc aluminum alloys, mechanical properties, struc-
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1. Introduction

Cast alloys with Al- and Zn-based matrices show an
increasing range of uses, and the world production of such
castings is still increasing—Fig. 1 (Ref 1).

Among the cast alloys based on the Al-Zn system, there are
high-aluminum zinc (h-Al Zn) alloys containing 15-40 wt.% Al
and high-zinc aluminum (h-Zn Al) alloys containing 20-
40 wt.% Zn. These alloy types have a wide range of potential
applications because of their good strength of 200-400 MPa
and simultaneously good tribological and damping properties.
Both alloy types usually contain 2-5 wt.% Cu which increases
the strength and improves the tribological properties.

The main trends of investigations on the mentioned alloys
result from their several disadvantageous characteristics. These
include a relatively low value of allowable operating temper-
ature; great sensitivity to overheating of the liquid metal leading
to oxidation of alloy components and resulting in decrease in

strength; instability of structure and dimensions caused by
phase transformations in the solid alloys over long periods after
casting; and susceptibility to coarse grain structure developing
after sand-mold casting, resulting in difficult feeding of
interdendritic regions and decreased ductility (Ref 2).

Relatively low creep strength limits application of the Zn-Al
alloys with increased addition of Al to about 150 �C. At this
temperature, the tensile strength of the zinc alloys decreases to
100-140 MPa. One of the possibilities for improving these
properties in the temperature range up to 150 �C is develop-
ment of composites with fibrous reinforcement, for example, by
adding up to about 20 vol.% of SiC (Ref 3), TiO2 (Ref 4),
Al2O3 (Ref 5), glass-fiber (Ref 6) or others, to the alloy Zn-
27 wt.% Al-3 wt.% Cu (ZA27).

Reference 3 presents the mechanical properties of pressure
die-cast ZA27 alloy reinforced with 10 and 20 vol.% of 50- and
300-lm SiC particles. It was stated that at room temperature the
reinforcement increases hardness from about 110 HB to about
150 HB, decreases UTS from about 370 to about 220 MPa and
significantly increases wear resistance measured by weight loss
and wear rate. It was also noted that the SiC reinforcement does
not influence the UTS at an elevated temperature of 150 �C.

TiO2 particles of diameter 30-50 lm were added in amount
of 2-6 wt.% to ZA27 alloy cast into a permanent mold (Ref 4).
Addition of 6 wt. % TiO2 increased UTS from about 300 MPa
to about 380 MPa and hardness from about 125 to about 137
HB and decreased elongation from about 9.5 to about 5.5% (the
initial values refer to the matrix alloy without TiO2 addition).
With the addition of 10 vol.% Al2O3, the room-temperature
tensile strength of ZA27 alloy increases by 10%, and with the
addition of 20 vol.% Al2O3 it increases by 15%. The tensile
strength of ZA27 alloy in the range 100-200 �C increases from
about 100 MPa (for the alloy without filler) to 250-350 MPa at
200 �C after addition of 20 vol.% of Al2O3, while the wear
drops practically to zero (Ref 5).

High-pressure die-cast ZA-27/glass-fiber composites, rein-
forced with 1, 3 and 5 wt.% of E-glass of 4-5 lm diameter and
4-6 mm length, showed significant increases in UTS, compres-
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sive strength and hardness, but also decreases in ductility and
impact strength (Ref 6).

It is well known that the addition of copper to Al-Zn-based
alloys prolongs the development of phase changes and the
related dimensional changes (Ref 7) which can cause problems
in some applications of such alloys (Ref 8). Furthermore, the
addition of Cu leads to the formation of the metastable e-CuZn4
phase which takes part in the so-called four-phase reaction to
form the stable T�-Al5Cu4Zn phase. The e-CuZn4 phase is
present in the structure of high-aluminum zinc for a long time
after casting (Ref 7), while the four-phase reaction can lead to
an increase in volume of the Zn-Al-Cu alloys, by as much as
4.5% (Ref 9). This disadvantageous effect can be decreased by
substituting copper with silicon, totally (Ref 8) or partially (Ref
10), by partial substitution of copper with silicon and nickel
(Ref 11), or by heat treatment and partial substitution of copper
with Ti (Ref 12-15). Such modification of the ZA27 alloy
composition results not only in increased dimensional stability
but also in increased wear resistance.

As mentioned above, the Al-Zn-based alloys show a
tendency to coarse grain structure, especially in the case of
castings that are slowly cooled, as would be typical for sand
molds.

Modification of these alloys therefore aims to break up the
a¢ primary dendrites of the solid solution of zinc in aluminum
which together with non-equilibrium eutectic comprise the
basic microstructure.

The a¢ solid solution crystallizes, similar to a(Al), in cubic
lattice A1 of Cu-cP4 type with space group Fm3m and lattice
parameter a = 0.402-0.405 nm, depending on the zinc content
(Ref 16).

Therefore, for the modification of high-aluminum zinc
alloys, titanium was used which is commonly used for
modification of Al alloys, where refinement of the a(Al) grain
structure is achieved after introduction of master alloys: Al-Ti-
B (Ref 2, 25, 30), Al-Sr (Ref 17, 18), Al-RE (Ref 19-22), Al-Ti
(Ref 23-26) and Al-Ti-C (Ref 34).

These additions result in a change in the morphology of the
a� dendrites from linear through petal-like to semi-globular.
This change leads to a significant increase of ZA-27 alloy
elongation, e.g., from about 5% to about 15% (Ref 2). Addition
of Al-Sr master alloy to the ZA-27 alloy allows underside
shrinkage to be avoided (Ref 17), while in ZA-10 alloy this
addition causes structural refinement and enhances wear
resistance (Ref 18). Addition of Al-RE to ZA-27 alloy slightly
enhances its tensile strength and hardness and remarkably
enhances its wear resistance (Ref 19); similar effects are
achieved by the addition of RE together with Ti (Ref 20). RE
addition to ZA-12 alloy is reported to enhance its toughness
together with significant grain refinement (Ref 21). The grain
refinement observed after addition of 0.2-0.8 wt.% Ce to ZA-
10 alloy is non-uniform (Ref 22), and Zn2Ce or Zn3Ce phases
can act as nucleant particles. Addition of Al-Ti master alloy to
chill-cast Zn-24 wt.% Al (Ref 23, 24) and that of Al-Ti-B to
Zn-25 wt.%Al alloy solidifying in a graphite crucible (Ref 25)
also cause significant refinement of the a(Al) grains. The
refinement was attributed to the presence of Al5Ti2Zn nucleant
particles (Ref 23, 24) or particles of slightly different compo-
sition but satisfying the overall Ti(Al,Zn)3 formula (Ref 25).
Studies performed in frame of Ref 26 showed that ZA-48 alloy
doped with 0.02-0.1 wt.% Ti (in Al-Ti master alloy) and cast
into a steel mold shows increased elongation (from 5.8 to
7.6%), the increase in UTS to about 430 MPa and improved
tribological properties. It was claimed that Ti-based nucleant
particles had the composition Al66Ti25Zn9, but this strict
composition, though satisfying Ti(Al,Zn)3 formula, has not
been confirmed in other publications.

Al-matrix master alloys require a melt temperature of 720-
750 �C in order to ensure their rapid dissolution in the metal
bath, while the technology of melting high-aluminum zinc
alloys limits the temperature of the liquid alloy to about 600-
650 �C.

These disadvantages can be avoided by replacing Al-Ti
master alloys with Zn-Ti. The Zn-Ti master alloys exhibit very
good solubility in liquid Zn-Al alloys at temperatures from
above 450 �C; furthermore, they have similar effect as Al-Ti
master alloys, i.e., they change the a� dendrite morphology to
semi-globular, while increasing elongation and preserving
tensile strength (Ref 27, 28).

Another group of recently developed Al-Zn-based cast
alloys are binary alloys with Zn content that increased to 10-
50 wt.%, or ternary Al-25Zn-(1-5)Cu designed for tribological
applications (Ref 29) or designed for shape castings (Ref 30-
32). The nominal compositions of the examined alloys are
among others: Al-35Zn (Ref 30), Al-(20-45)Zn-3Cu-0.4Fe-
0.5Si (Ref 31) and Al-(20-45)Zn-2.5Cu-0.3Fe-0.4Si (Ref 32).
The mentioned alloys were gravity-cast into permanent molds
(Ref 29-31) or were pressure die-cast (Ref 32). The Al-25Zn-
3Cu alloy has the highest tensile strength and hardness, the best
wear resistance and dimensional changes during aging as low
as 0.02% (Ref 29). The inoculation of binary Al-35Zn alloy by
addition of Al-5Ti-1B master alloy reduced the grain size from
148 lm in the initial alloy to about 27 lm in the same alloy
doped with 0.1% TiB (Ref 30). In the same work, it was noted
that the optimal TiB addition was 0.05 wt.%, giving the highest
increase in UTS (from 322 to 383 MPa) and in elongation
(from 7.3 to 13.8%). For the Al-(20-45)Zn-3Cu alloys reported
in (Ref 31), increasing the Zn content from 20 to 45 wt.%
decreases the grain size from about 320 lm to about 100 lm.
At the same time, the ultimate tensile strength (UTS) increases

Fig. 1 World production of Al and Zn castings over the years
2007-2016 (based on data in Ref 1)
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from 315 to 455 MPa and the elongation decreases from 4.5 to
3.1%. The damping capacity (measured by logarithmic decre-
ment) decreases by about 22% relative to the Al-20Zn-3Cu
alloy, and Charpy absorbed-energy tests (performed on
unnotched test bars) show the same tendency. The same
authors examined die-cast alloys of slightly changed compo-
sition, with Cu content that reduced from 3 to 2.5 wt.% (Ref
32). They noted that increasing Zn content increases the
fluidity, Vickers hardness and UTS, decreases the elongation

from about 7% to about 3% and decreases the coefficient of
friction from about 0.4 (for Al-20Zn-based alloy) to about 0.2
(for Al-45Zn-based alloy).

In the literature cited above, the alloys were cast into
permanent (metal or graphite) molds, but there is lack of studies
based on sand-casting, the technology that is suitable for both
high-aluminum zinc alloys (h-Al Zn) and high-zinc aluminum
alloys (h-Zn Al).

This work summarizes development of sand-cast high-
aluminum zinc alloys, represented by Zn-(25-26) wt.% Al, and
high-zinc aluminum alloys represented by Al-(27-30) wt.% Zn.
The investigations focused on increasing ductility through
structural refinement by inoculation and by partial substitution
of Cu with Ti and/or Mn—aiming to improve structural
stability while maintaining other properties. The results were
obtained during joint investigations performed over the last few
years at AGH University of Science and Technology in Krakow
(Faculty of Foundry Engineering) and at University of Cam-
bridge, UK (Department of Materials Science & Metallurgy).

This work was presented at the 73rd World Foundry
Congress in Krakow, September 2018, and addresses both
academic and industrial interests in theory and practice related
to Al-Zn-based cast alloys.

2. Experimental Procedures

The materials, melting and casting procedures, sample
preparation and measurements techniques were the same as
described previously (Ref 33-35).

The alloys Zn-26 wt.% Al-2.2 wt.% Cu (Zn-26Al-2.2Cu),
Zn-26 wt.% Al-1 wt.% Cu-1.5 wt.% Ti (Zn-26Al-1Cu-1.5Ti),
Al-27 wt.% Zn-2.5 wt.% Cu (Al-27Zn-2.5Cu), Al-27 wt.%
Zn-2.5 wt.% Cu-Ti (Al-27Zn-2.5Cu-Ti), Al-30 wt.% Zn-
2 wt.% Cu-1 wt.% Mn (Al-30Zn-2Cu-1Mn) and master alloys
Zn-4 wt.% Ti (Zn-4Ti), Al-12.5 wt.% Ti (Al-12Ti) and Al-
33 wt.% Cu (Al-33Cu) were melted from electrolytic alu-
minum (minimum purity 99.96%), electrolytic zinc (99.995%),
electrolytic copper (minimum purity 99.95%) and titanium
sponge (98-99.8%, from Johnson Matthey Alfa). The Zn-Al,
Zn-Al-Cu and Al-Zn-Cu alloys were melted in an electric-
resistance furnace, in an alumina crucible of 2-liter capacity.
The Zn-4Ti and Al-12Ti master alloys were melted in a Balzers
induction furnace with a protective argon atmosphere; the
ingots of these alloys were the source of titanium. The melts of
Zn-Al and Zn-Al-Cu alloys were superheated to about 600 �C,
and Al-12Ti master alloy was added to give an overall titanium
content of 1.5-1.6 wt.% Ti. For grain refinement, Zn-4Ti master
alloy was added to the Zn-Al and Zn-Al-Cu alloys to the level
of 50-400 ppm Ti. Commercial Al-3Ti-0.15C refiner (TiCAl)
was added to the Al-27Zn-2.5Cu and Al-30Zn-2.5Cu-0.5Mn
alloys to give an overall titanium content of 100 ppm. The Al-
(27-30)Zn-(1.5-2.5)Cu alloys were superheated to 720-740 �C.
Manganese was added to melt with Al-12 wt.% Mn master
alloy (Al-12Mn, from Alumetal, Poland). The melted charges
were flushed with pure argon for 10 min. Then, 10 min after
finishing the flushing, the dross was removed from the melt
surface. Five minutes after the Al-12Ti or Al-12Mn addition,
the bath was stirred for 2 min with an alumina rod, and the
alloys were cast into a dried green-sand mold with vertical
cylindrical cavity [32 9 80 mm (Ref 34).

Fig. 2 Surfaces of cast samples of Zn-25 Al alloy: (a) initial alloy,
mean grain size � 2750 lm; (b) the same alloy inoculated with Zn-
4Ti master alloy, to 0.04 wt.% Ti, mean grain size � 235 lm; (c)
alloy (b) remelted 6 times, mean grain size � 340 lm
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From these castings, samples [5 9 35 mm were cut for
dimensional measurements, [8 9 24 mm for wear-resistance
tests and [12 9 25 mm samples for LM and SEM examina-
tion. The samples for dilatometry after supersaturation were
homogenized in air in a furnace at 370-380 �C for 48 h and
then quenched into water at room temperature. The dilatometry
measurements were taken at room temperature using a screw
micrometer of accuracy of 0.001 mm. Results of, at least, 3
repeatable measurements were registered. Wear-resistance pin-
on-disk investigations were performed (T01 M device, Poland).
Dry sliding-wear tests were against a rotating steel disk of 50
HRC, at a load giving 0.8 MPa pressure, and at a sliding speed
of about 0.7 m/s, for a total sliding distance of 10 km. The wear
mass loss Wm (g/Nm) and volume loss Wv (mm3/Nm) were
related to the load and sliding distance. The samples for light
microscopy (LM) examination (Zeiss Axio Imager A2 m
microscope) were ground on abrasive papers (grit 200-1000)
and then were polished using sub-microscopic aluminum oxide
in a water-alcohol suspension. The LM samples of Al-(27-
30)Zn-based alloys were etched using Barker�s etchant. The
LM samples of Zn-(25-26) Al-based alloys were unetched.
SEM/EBSD measurements were taken on unetched samples
using JEOL JSM 5800 WV with energy-dispersive spectrom-
etry (Noran Voyager 3 EDS) and Quanta 3D FEG microscopes.
The chemical composition of the analyzed phases was obtained
using a SUTW-Sapphire detector and the EDAX ZAF proce-
dure. 2D EBSD maps were acquired in low vacuum conditions
at a water vapor pressure of 0.45 Torr using the EDAX Hikari
camera. The operating parameters of the electron beam were:
an accelerating voltage of 20 kV and a beam current of 8 nA.

Diffraction patterns were analyzed at a rate of 50-100 patterns
per second.

3. Results

Figure 2(a-c) shows the macrostructures of the Zn-25Al
alloy. Figure 2(a) shows the macrostructure of the initial alloy,
while Fig. 2(b) contrasts the same alloy modified with
0.04 wt.% Ti after its first casting. The initial alloy without
Ti addition shows a coarse macrostructure (Fig. 2a), while after
0.04 wt.% Ti addition (with Zn-4Ti master alloy) it shows
significant macrostructural refinement (Fig. 2b), which remains
stable after several remeltings of the inoculated alloy (Fig. 2c).

Figure 3(a) and (b) shows the microstructure of the initial Zn-
25Al alloy in its initial state, and aftermodificationwith 0.04 wt.%
Ti after its first casting into a sandmold. The initial alloywithoutTi
addition shows a coarse dendritic structure of the a� Zn-Al solid
solution (Fig. 3a). After 0.04 wt.% Ti addition, the solid solution
shows a globular shape (Fig. 3b). Figure 3(c) and (d) shows
examples of the Ti(Al,Zn)3 particles revealed in the centers of the
refined a� Zn-Al solid solution. The role of these particles as
nucleants of the a� Zn-Al solid solution was discussed in detail in
(Ref 27, 28, 33) and was also confirmed in (Ref 14, 25).

Figure 4(a) shows the coarse dendritic structure of the initial
Zn-26Al-2.2 Cu alloy, while Fig. 4(b) shows the refined
structure of the same alloy in which Cu is partially replaced
by Ti. From Fig. 4(c), it can be seen that the alloy with reduced
Cu content shows much smaller dimensional changes during

Fig. 3 Microstructures of sand-cast Zn-25Al alloy: (a) initial alloy with branched linear dendrites of a(Al); (b) the same alloy inoculated with
Zn-4Ti master alloy, to 0.04 wt.% Ti, with visible compacted, semi-globular a(Al) dendrites of sizes � 50-180 lm; (c) and (d) examples of
Ti(Al,Zn)3 intermetallic particles inside refined a(Al) phase, mean particle size � 4.28 lm
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natural aging after homogenization and quenching. For practical
purposes, this structure is stable in a very short time after
quenching. The alloy Zn-26Al-1Cu-1.5Ti shows wear resistance
of the same order as the initial Zn-26Al-2.2 Cu (Fig. 4d). The
above results show that partial replacement of Cu with Ti gives a
more stable structure while maintaining good wear properties.

Figure 5 shows similar results for high-zinc aluminum
alloys, i.e., a coarse dendritic structure of the initial Al-27Zn-
2.5 Cu alloy (Fig. 5a) and a highly refined structure of the same
alloy doped with 100 ppm Ti introduced with Al-3Ti-0.15C
refiner (Fig. 5b). Figure 5(c) and (d) shows exemplary
microstructures of the coarse initial and grain-refined Al-
30Zn-based alloys containing Mn addition. From Fig. 5(e) and
5(f), it can be seen that the alloys with Cu content that reduced
to 2-3 wt.% show a structure that is effectively stable during
1.5-year natural aging after homogenization and quenching. It
should be noted that the alloy Al-30Zn-2Cu-1Mn has better
wear resistance than the Al-30Zn-3Cu alloy (Fig. 5f).

4. Discussion

The so-called high-zinc aluminum and high-aluminum cast
alloys are now those alloys, which could replace other, more
energy-consuming ones. Al-Zn alloys are economical to use

because of their low melting point, low heating energy cost
during production and their low weight that saves energy in
transport applications. However, wider implementation of both
these alloy types requires improving their mechanical proper-
ties and dimensional stability. The observed susceptibility to
developing coarse grain structure in Al-Zn-based sand castings
makes feeding difficult and decreases ductility. The high-
aluminum zinc alloys, e.g., ZA-27, are prone to overheating
which increases gas pick-up and melt oxidation degrading the
properties of the castings. The Zn-Ti-based master alloy used in
these studies allows detrimental overheating to be avoided,
because it is very soluble at temperatures as low as 500 �C.
From Fig. 3(a-c) and 4(a-d), it is seen that Zn-4Ti introduces
particles that are very effective substrates for heterogeneous
nucleation of the a(Al) matrix. The grain size of sand-cast Zn-
25Al alloy doped with 0.04 wt.% Ti decreases ten times, from
about 2.75 mm (Fig. 2a), to about 235 lm (Fig. 2b). It is worth
noting that this refinement is permanent, because after 6
remeltings the macrostructure remains still refined (Fig. 3c). It
was noted in Ref 28 and Ref 33 that the Zn3Ti phase introduced
with the Zn-Ti master alloy is a very effective and stable nu-
cleant of the a(Al) matrix of the high-aluminum zinc alloys.
This is true also for the Ti(Al,Zn)3 particles introduced into the
inoculated melt by partial substitution of Zn with Al in the
binary Zn3Ti phase (Ref 28). The refinement shown in Fig. 2 is

Fig. 4 Microstructure (a) and (b), dimensional changes (c) and wear resistance (d) of the high aluminum Zn-(25-26) wt.% Al alloys. (a) Zn-
26Al-2.2Cu and (b) Zn-26Al-1Cu-1.5Ti. Mean size of Ti(Al,Zn)3 particles � 4.3 lm
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also confirmed in Fig. 3 that shows significant refinement of the
a(Al) dendrites and change of their morphology from linear to
semi-globular (Fig. 3a). The a(Al) matrix of the examined
high-aluminum zinc alloys is nucleated with its {111} plane
parallel to {111} of L12 Zn3Ti or to {111} of L12 Ti(Al,Zn)3
substrates (Ref 28). Taking this discussion into account, it can
be concluded that the Zn-Ti-based master alloys are promising
inoculants for low-melting-point high-aluminum zinc foundry
alloys. It should be also noted that the Zn-Ti-based master alloy

enables melted alloys to be inoculated at temperature of about
600 �C, i.e., 140 �C lower than 740 �C that is required when
Al-Ti master alloy is used (Ref 23, 24).

The high-aluminum zinc alloys and high-zinc aluminum
alloys with Cu addition (usually 3-5 wt.%) have very good
tribological properties due to the Cu-rich bearing phase present
in the soft matrix. The instability of structure and dimensions is
caused by phase transformations of CuZn4 phase which take
place in solid alloys over long periods after casting. That is why

Fig. 5 Microstructure (a)-(d), dimensional changes (e) and wear resistance (f) of the high-zinc Al-(27-30) wt.% Zn alloys. (a) Al-27Zn-2.5Cu.
Mean grain size � 1275 lm. (b) Al-27Zn-2.5Cu-Ti. Mean grain size � 147 lm. (c) Al-30Zn-2.5Cu-0.5Mn. Mean grain size � 880 lm. (d) Al-
30Zn-2Cu-1Mn-Ti. Mean grain size � 146 lm
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the Cu content should be reduced to 1.5-2 wt.%, i.e., to the
amount that remains in solid solution. Unfortunately, reducing
the Cu content degrades the tribological properties. This
problem can be solved by partial substitution of Cu with
another element, e.g., Ti and/or Mn, which also leads to the
formation of bearing phases. For example, partial substitution
of 1.2 wt.% Cu with 1.5 wt.% Ti gives Ti(Al,Zn)3 phase,
particles of which are clearly visible in Fig. 4(b). The content
of 1.2 wt.% Cu remains in solid solution, while the ternary Ti-
particles play the role of the bearing phase. The alloy with
reduced Cu content shows improved dimensional stability
(Fig. 4c) and also comparable wear resistance to the initial
alloy without Ti addition (Fig. 4d). This is certainly an
important advantage—improvement of structural stability while
maintaining good wear resistance. Thus, partial replacement of
Cu with Ti appears to be promising to decrease or eliminate
structural instability while preserving good tribological prop-
erties of the high-aluminum zinc alloys.

Considering the high-zinc aluminum alloys, they similarly
show rather low ductility after casting into sand molds; this is
attributed to the coarse structure of the a(Al) matrix (Fig. 5a)
which should be refined, e.g., through melt inoculation. It is
commonly known that Al-3Ti-0.15C (TiCAl) master alloy
introduces particles of TiC phase, which is a direct substrate for
a(Al) nucleation. This role is confirmed in Fig. 5(b) which
shows that inoculation of the sand-cast Al-(27-30)Zn-(2-2.5)Cu
alloys with the TiCAl master alloy resulted in significant
refinement of the a(Al) matrix phase, from about 1300 lm
(Fig. 5a) to about 150 lm (Fig. 5b). Here the a(Al) matrix of
the high-zinc aluminum alloys is nucleated with its {111} plane
parallel to {111} of the TiC substrate (Ref 35). This inoculation
increases elongation from about 2 to about 2.4% with basically
preserved UTS on the level of 300-320 MPa (Ref 35). The
high-zinc aluminum alloys usually contain Cu, which gives the
bearing phase and improves their tribological properties.
However, the Cu content should be also reduced in this group
of Al-Zn-based alloys to avoid possible dimensional instability.
From Fig. 5(f), it is seen that partial substitution of Cu with Mn
improves their wear resistance by about 22-24% (measured by
mass and volume losses). At the same time, the length of the
samples measured for over 2 years of natural aging after
homogenization and quenching remained practically un-
changed (Fig. 5e). Addition of 0.5 wt.% Mn slightly decreases
the size of the a(Al) grains, from about 1300 lm (Fig. 5a) to
about 900 lm (Fig. 5c). Elucidation of this effect requires
additional detailed examinations which will be performed and
published in the near future.

5. Conclusions

The development of sand-cast high-aluminum zinc alloys
and high-zinc aluminum alloys is aimed mainly at grain
refinement and structural stabilization. The studies presented in
the paper show that:

1. Using a Zn-Ti-based master alloy allows significant struc-
tural refinement of the high-aluminum zinc alloys without
the detrimental melt overheating that would be required
when Al-based refiners are used. The macrostructural
refinement remains basically stable after several remelt-

ings of the inoculated alloy. The observed grain refine-
ment should improve the ductility of these alloys.

2. The ternary high-zinc aluminum alloys can be effectively
refined with commercial Al-3Ti-0.15C (TiCAl) master al-
loy.

3. Partial replacement of Cu with Ti and/or Mn increases
the dimensional stability of the examined alloys with pre-
serving or increasing their good wear resistance. This
advantage is of practical importance.

4. Future examinations should focus on the corrosion resis-
tance, tensile strength, creep resistance and fatigue perfor-
mance of the alloys examined in this work.
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