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Abstract: The microstructural role of TiB addition in modifying a Zn—Al eutectoid (ZA27) alloy was investigated using
scanning electron microscopy, high-angle annular dark-field scanning transmission electron microscopy, and energy
X-ray spectroscopy. A series of Zn—27A1-2Cu—0.02Mg—x(Ti+B) (x=0, 0.01, 0.02, 0.05, 0.10, 0.20, wt.%) alloys were
cast. The results show that the hardness and strength of the ZA27 alloy are improved with increasing (Ti+B) content,
and peak at a (Ti+B) content of 0.05 wt.%. The TiB modifier refines the primary a(Al) phase grains and changes the
microstructure of coralloid (a(Al)+#-Zn) eutectoid, which is responsible for the increased mechanical properties of the
ZA27 alloy. The modified eutectoid demonstrates featured basket-like and strip-like eutectoid microstructures. The
refinement of the primary a(Al) phase grains is very likely related to the constitutional supercooling caused by the
segregation of B at the solid—liquid interface. Participation of B and/or Ti in the eutectic and eutectoid reactions

modifies the morphology of the eutectoid microstructure.
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1 Introduction

Due to the low melting point and good melt
flow, zinc alloys are widely used in the manufacture
of various die-casting parts and complex-shaped
castings [1-3]. In addition, zinc alloys are also
widely used as structural and wearing parts due to
their excellent mechanical properties, loadbearing
capacity, and wear resistance [4—8]. Zn—Al eutectoid
(ZA27) alloy is one of the most important zinc
alloys and is mainly composed of zinc and aluminum.
Among the main grades of zinc—aluminum alloys,
ZA27 alloys have the best hardness, strength, and
wear resistance [9]. Thus, ZA27 alloys are
extensively employed in situations of low to
medium speed and high load, serving as wearing
parts, such as bearings, bushings, and worm gears,

and have become the first choice to replace copper
alloys in the relevant fields [10—12]. However, in
comparison to other zinc alloys, their intrinsic
drawbacks of wide solidification temperature
ranges and low eutectic temperatures usually lead to
severe microporosity and coarse dendrites in ZA27
alloy casts [13—15]. This microstructure is extremely
detrimental to the properties and greatly constrains
the applications for ZA27 alloys.

Microalloying is an effective method to
improve the properties of ZA27 alloys. For instance,
ZHANG et al [16] reported that the addition of Cu
element benefited both strength and elongation for
ZA27 alloys. Specifically, compared with a
Zn—27Al1 (wt.%) alloy, the tensile strength of a
Zn—27A1-2Cu (wt.%) alloy increased from 176 to
243 MPa and its elongation increased from 14% to
80%, which was explained by the fact that the Cu
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element effectively modified the distribution and
morphology of the (a(Al)+#-Zn) eutectoid micro-
structure [16]. Moreover, LI et al [17] reported that
the addition of Y rare-earth element increased the
tensile strength of a Zn—27Al (wt.%) alloy from
398 to 434 MPa. The increase of strength should be
attributed to the role of Y element, on the one hand,
in modifying the dendritic structure of the as-cast
microstructure, and on the other hand, in promoting
the formation of a number of fine and dispersive
YZn; particles, which strongly pinned dislocations
and subgrains. Adding modifiers is another method
to improve the properties of ZA27 alloys. CHEN
et al [18] fabricated TiB,-reinforced ZA27-based
composites by mixing K»TiFs and KBF4 halide salts
into the molten matrix, and the introduction of TiB»
phase increased the tensile strength from 385 to
434 MPa [18]. This improvement was explained by
the refinement of TiB, phase on grains and the
Orowan strengthening of TiB: phase.

From the above research, Cu element is quite
beneficial to the microstructure and properties of
ZA27 alloys. Addition of Mg element in ZA27 also
plays a role in tuning the properties, while
unfavorable Mg—Z7n phases may appear with high
Mg content (=0.4 wt.%), and trace addition of Mg
would rather reduce the intergranular corrosion
susceptibility [16]. In addition, TiB, particles or
Al-Ti—-B master alloys appear to be the most
suitable modifiers [19]. Therefore, the TiB-
modified Zn—27A1-2Cu—0.02Mg (wt.%) alloys are
of great interest for engineering applications.
Although the effects of alloying elements and
modifiers on ZA27 alloys have been extensively
investigated, the microstructure characterization of
these research works focuses on the micrometer or
even millimeter scale, which greatly limits the
understanding of modifying mechanisms for ZA27
alloys.

In the present study, a series of Zn—27Al-
2Cu—0.02Mg—x(Ti+B) (x=0, 0.01, 0.02, 0.05, 0.10,
0.20, wt.%) alloys were fabricated via casting and
the mechanical properties were tested. It is found
that the hardness and strength of ZA27 alloys with
the (Ti+B) content of 0.05 wt.% made the best
mechanical properties. The microstructures of
the ZA27 and ZA27-0.05(Ti+B) alloys were
characterized, using atomic-resolution high-angle
annular dark-field scanning transmission electron
microscopy (HAADF-STEM), scanning -electron

microscopy (SEM), and energy X-ray spectroscopy
(EDS). Our results demonstrated a modifier-
induced modification of the morphologies of both
the primary o phase and the eutectoid micro-
structure. In light of the difference between the
microstructures before and after modification as
well as the nature of the modifier, the impact of the
modifier on the microstructure of the ZA27 alloy
was discussed.

2 Experimental

The ZA27-x(Ti+B) alloys were melted at
580 °C using a laboratorial well-type furnace, with
the raw materials of pure zinc, pure aluminum,
Al-50Cu, Al-10Mg, and Al-5Ti—1B (wt.%) master
alloys, and then cast in an iron mold (Fig. 1(a))
preheated at 200 °C. The chemical compositions of
the alloys were measured using a SPECTROBLUE
inductively coupled plasma optical emission
spectrometer (Table 1). Vickers hardness was tested
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Fig. 1 Illustration of casting mold (a) and tensile sample
(b) (The red square in (a) represents the sampling
location on the primary ingot)

Table 1 Chemical compositions of ZA27-x(Ti+B) alloys
(wt.%)

Al Cu Mg Ti B Ti+tB  Zn
2646 2.13 0.01 - - 0 Bal.
26.60 2.16 0.01 0.008 0.002 0.01 Bal
26.65 2.11 0.01 0.016 0.003 0.02 Bal
26.73 2.15 0.01 0.041 0.008 0.05 Bal
26.57 2.11 0.01 0.081 0.016 0.10 Bal
26.70 2.16 0.01 0.163 0.032 020 Bal
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using an HXD-1000T hardness tester with a load of
500 g and a dwell time of 30 s. Tensile testing was
performed at room temperature at a constant strain
rate of 5x107*s! using an MTS Landmark
materials testing machine. Tensile specimens were
machined into the dog-bone shape with a gauge size
of 2mm x 5 mm x 22 mm (Fig. 1(b)). Microstructure
was characterized using an FEI Quanta 200 SEM
equipped with an EDAX Genesis XM—2 EDS
detector and an FEI Themis Z scanning/
transmission  electron  microscope  (S/TEM)
equipped with an FEI Super-X EDS detector. SEM
specimens were prepared by mechanical grinding
and polishing. STEM specimens were prepared by
ion polishing using a Gatan Model 691 precision
ion polishing system.

3 Results and discussion

3.1 Mechanical properties

Figure 2 shows the mechanical properties of
the as-cast ZA27—x(Ti+B) alloys. The addition of
modifier significantly improved the Vickers
hardness of ZA27 alloy (Fig.2(a)). With the
increase of (Ti+B) content, the Vickers hardness
first increased and then decreased. When the (Ti+B)
content was 0.05 wt.%, the Vickers hardness
reached a maximum value of HV 184, which was
HV 56 higher than that of the alloy without
modification. The addition of modifier also
remarkably improved the tensile strength of ZA27
alloy (Fig.2(b)). Like the Vickers hardness, the
tensile strength displayed an increasing and then
decreasing variation with the (Ti+B) content. The
tensile strength of the ZA27-0.05(Ti+B) alloy was
the highest and could reach up to 434 MPa, which
was 104 MPa higher than that of the unmodified
alloy. Nevertheless, the addition of modifier had
little effect on the elongation of ZA27 alloy
(Fig. 2(c)). The elongations of the ZA27 alloys,
which were roughly 4%, were at the same level
whether they were modified or not.

Figure 3 shows the morphologies of tensile
fracture of the as-cast ZA27 and ZA27-0.05(Ti+B)
alloys. The fracture surfaces of the two alloys
showed the characteristics of cleavage fracture, that
is, a large area of flat facets accompanied by a few
tearing ridges. The development of flat facets is

known to be correlated with the primary a(Al)
dendrites. It should also be noted that the flat facets
in the ZA27—-0.05(Ti+B) alloy were much smaller
than those in the ZA27 alloy, which implies an
effective refinement of the as-cast microstructure
due to the addition of modifier. The comparable
ductility of the unmodified and modified alloys is
reflected in their similar fracture modes.
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Fig. 2 Vickers hardness (a), tensile strength (b), and
elongation (c) of as-cast ZA27—x(Ti+B) (x=0, 0.01, 0.02,
0.05, 0.10, 0.20 wt.%) alloys
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ZA27-0.05(Ti+B) (b) alloys

3.2 Microstructure
3.2.1 SEM overviews of microstructure

It is evident from the SEM image of the
Al-5Ti—1B master alloy in Fig. 4(a) that this alloy
contains particles with blocky and granular
morphologies. The blocky and granular particles are
identified by their EDS analysis as Al;Ti and TiB.,
respectively (Figs. 4(b) and (c)). These observations
agreed with those in previous work [20].

Figure 5 presents the typical SEM back-
scattered electron (BSE) image and EDS point
analysis of the ZA27 alloy. There were three
distinct types of phases or structures with black,
gray, and white contrasts (Fig. 5(a)). The black-
contrasted structure constituted the majority of the
dendritic structure in the as-cast microstructure;
the gray-contrasted structure wrapped around the
dendrite arms; the white-contrasted structure filled
the gaps in the dendritic structure. The EDS results
showed that the black-contrasted structure was
enriched with Al, the gray-contrasted structure with
Al and Zn, and the white-contrasted structure
with Cu and Zn (Figs. 5(b—d)). According to the
Al-Cu—Zn ternary phase diagram [21], the black-,

and white-contrasted structures were

gray-,

identified as the primary a(Al) phase, (a(Al)+#-Zn)
and &-CuZny

eutectoid microstructure,
respectively.

phase,
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Fig. 4 SEM image (a) and EDS analysis (b, ¢) of

Al-5Ti—1B master alloy
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Figure 6 shows the representative low-
magnification SEM-BSE image and corresponding
EDS mappings of the ZA27-0.05(Ti+B) alloy.
Similar to the unmodified alloy, this alloy featured
three types of phases or structures with black, gray,
and white contrasts (Fig. 6(a)). The average content
of each element in the alloy, as determined by EDS
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Fig. S SEM-BSE image (a) and EDS point analysis (b—d) of as-cast ZA27 alloy

(1’1) Element wt% at%

Zn Zn 6416 4341
Al 3342 5477
Cu 223 155

Mg 011 020
Al Ti 008 007
B 0 0

/n
BJ e R

0123456 73891011
Energy/keV

Fig. 6 SEM-BSE image (a) and corresponding EDS mappings (b—g) of as-cast ZA27-0.05(Ti+B) alloy, and EDS
results (h) for (a)
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(Fig. 6(h)), was close to its nominal content.
According to the EDS point analysis (Fig. 7), the
black-, gray-, and white-contrasted structures of the
ZA27-0.05(Ti+B) alloy were also the primary
o(Al) phase, (a(Al)+7n-Zn) eutectoid microstructure,
and e-CuZn, phase, respectively. All three structures
contained trace levels of Ti element. Interestingly,
compared to the eutectoid microstructure, the
primary a-Al and &-CuZns phases had larger B
element content. Despite the fact that EDS does not
allow for the precise determination of B element, it
is still possible to qualitatively evaluate the
difference in the contents of these phases. Notably,
ZA27-0.05(Ti+B) alloy is the absence of Al3Ti and
TiB, particles. This alloy had a low (Ti+B) content,
which means that the amounts of Al;Ti and TiB,
introduced by the Al1-5Ti—1B master alloy were low.
Small amounts of these particles are believed to
disappear due to melting loss. Comparing the
ZA27-0.05(Ti+B) alloy with the ZA27 alloy, the
primary a(Al) dendrites in the former alloy were
apparently finer than those in the latter alloy.
Similar observations for other zinc alloys have been
reported in the literature [20,22].

2731

When the (Ti+B) content was increased to
0.2 wt.%, a modest amount of blocky Ti-rich
particles were found in the alloy (Fig. 8). These
Ti-rich particles primarily contained Al and Ti, with
a molar ratio of Al to Ti of almost 3:1, according to
the EDS point analysis in Fig. 9. This led to the
identification of these particles as AlsTi [20]. The
ALTi particles either formed during the
solidification process or originated from the
Al-5Ti—1B master alloy. The average Ti content in
the area free of Al;Ti particles was equal to that in
the ZA27-0.05(Ti+B) alloy, both of which were
about 0.05 wt.% (Fig. 8(h)). This should be because
the Al;Ti particles had depleted some Ti atoms. The
B contents in the primary a(Al) and ¢-CuZn4 phase
were also higher than that in the eutectoid
microstructure (Fig. 10), just like in the case of the
addition of 0.05 wt.% (Ti+B).
3.2.2 Morphologies and elemental distributions of

eutectoid microstructure

HAADF-STEM characterization on the ZA27
and ZA27-0.05(Ti+B) alloys was carried out to
reveal the microstructure of the fine eutectoid
microstructure. Low-magnification HAADF-STEM
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Cu 2.42 1.79 Cu 457 374
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n B 0 0 n B 445 2144
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Al Zn ' Zn
Al
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Fig. 7 SEM-BSE image (a) and EDS point analysis (b—d) of as-cast ZA27—-0.05(Ti+B) alloy
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(h) Element wt.% at%

Zn 70.59 50.85
Al 27.04 47.18
Cu 2.16  1.60

Zn T 0od oot
B 0 0
Al Zn
l. . Culn
0123456728 91011
Energy/keV

Fig. 8 SEM-BSE image (a) and corresponding EDS mappings (b—g) of as-cast ZA27-0.2(Ti+B) alloy, and EDS results

(h) for Region 1 in (a)

(b) Element wt.% at%

Zn 25.04 13.25

Al 44.16 56.62

Cu 0.69 0.38

Al Mg 016 022

Ti 26.76  19.33

B 3.19  10.20
Zn ;
Ti
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Ti
B ) Cu L Zn,
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Energy/keV

Fig. 9 Enlarged SEM-BSE image (a) and EDS point analysis (b) for Region 2 in Fig. 8(a)

images of the eutectoid microstructures in the two
alloys are shown in Fig. 11. The eutectoid micro-
structure in the ZA27 alloy was composed of
coralloid dark-contrasted a(Al) and light-contrasted
n-Zn phases (Fig. 11(a)) [16,23—26]. In contrast, the
eutectoid microstructure in the ZA27-0.05(Ti+B)
alloy was more complicated and displayed three
morphologies, marked in Fig. 11(b). The eutectoid
microstructure in the Region 4 resembled that of
the ZA27 alloy, and the a(Al) and #-Zn phases were

coralloid. The eutectoid microstructure in the
Region B had strip-like a(Al) and #-Zn phases. This
type of eutectoid microstructure is comparable to
the lamellar eutectoid microstructures that have
been identified in other investigations [22]. The
strip-like a(Al) and #-Zn phases were longer along
their length directions and thinner along their
thickness directions as compared to the coralloid
ones. In the eutectoid microstructure of the Region
C, the needle-like and granular #-Zn phases were
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Element wt.% at.%
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Fig. 10 SEM-BSE image (a) and EDS point analysis (b—d) of as-cast ZA27—0.2(Ti+B) alloy

Fig. 11 HAADF-STEM images of eutectoid microstructure in as-cast ZA27 (a) and ZA27—0.05(Ti+B) (b) alloys

connected, and the a(Al) phase was distributed
between the #-Zn phases. This type of eutectoid
microstructure is referred to as basket-like eutectoid
microstructure. A series of HAADF-STEM images
revealed that among the three types of eutectoid
microstructures, the basket-like type had the highest
proportion for the ZA27-0.05(Ti+B) alloy and was
the finest in size.

A low-magnification STEM-EDS analysis was
performed to investigate the compositions of the
three eutectoid microstructures formed in the
modified alloy, and the results are displayed in

Figs. 12—14. Figure 12 shows the HAADF-STEM
image and corresponding EDS mappings of the
coralloid eutectoid microstructure. The mappings of
Zn and Al elements (Figs. 12(b, ¢)) and the related
EDS data (Figs. 12(h,1)) demonstrate that the
bright-contrasted and dark-contrasted phases were
the Zn-rich #-Zn and Al-rich a(Al) phases,
respectively. Cu and B elements were seen in both
the #-Zn and a(Al) phases, but Cu was more
concentrated in the #-Zn phase (Fig. 12(d)). In
addition, both the #-Zn and a(Al) phases contained
trace amounts of Mg and Ti elements.
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Element  wt.%

13.74
75.41

579 2579

5678910110 : 567891011
Energy/keV Energy/keV

Fig. 12 HAADF-STEM image (a) and corresponding EDS mappings (b—g) of coralloid eutectoid microstructure in
as-cast ZA27—0.05(Ti+B) alloy, and EDS results for Region 1 (h) and Region 2 (i) in (a)

(0 Element wt.% at% @ Element wt.% at%
7n Zn 87.35 63.23 Zn 12.15 4.72
Al 436  7.65 Al 76.10 71.67
Cu 142  1.06 Cu 1.29 0.52
Mg 0.51  0.99 Mg 0.94  0.99
Ti 023 023 Ti 0.13  0.07
B 6.13  26.85 B 9.38 22.04
EDS 1 7 EDS 2
8 Al
O (@) Zn
Al Cufl Zn J ) Cuy Zn
O123456789101101234567891011
Energy/keV Energy/keV

Fig. 13 HAADF-STEM image (a) and corresponding EDS mappings (b—g) of strip-like eutectoid microstructure in
as-cast ZA27—0.05(Ti+B) alloy, and EDS results for Region 1 (h) and Region 2 (i) in (a)



Yu-lin ZHOU, et al/Trans. Nonferrous Met. Soc. China 33(2023) 2726—2739 2735

EDS 1

Element wt.%
Zn  86.04
Al 8.19
Cu 1.05
Mg 0.29
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Zn| B 422
Al
(0]

at.% Element wt.% at.%
64.41 Zn 10.53 4.36
14.86 Al 8342 83.72
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0.22 Ti 0.15 0.08
19.13 B 431 10.80
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Energy/keV
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Fig. 14 HAADF-STEM image (a) and corresponding EDS mappings (b—g) of basket-like eutectoid microstructure in
as-cast ZA27—0.05(Ti+B) alloy, and EDS results for Region 1 (h) and Region 2 (i) in (a)

The #-Zn and o(Al) phases of the strip-like
eutectoid microstructure also mainly contained Zn,
Al, Cu, and B, according to the EDS data (Fig. 13).
Interestingly, Cu element appeared to be enriched
close to the ends of the #-Zn phase strips
(Fig. 13(d)). In this kind of eutectoid microstructure,
Mg and Ti elements were also present at trace
levels.

From the magnified image in Fig. 14(a), the
basket-like eutectoid microstructure had a much
higher proportion of the a(Al) phase in addition to
being finer than the other two types of eutectoid
microstructures. Furthermore, compared to the #-Zn
phase, the a(Al) phase is more effective at
strengthening [27]. As a result, of the three
eutectoid microstructures, the basket-like one is

believed to contribute most to strengthening. The
basket-like eutectoid microstructure was mostly
composed of Zn, Al, Cu, and B elements, with
traces of Mg and Ti elements, just like the other two
eutectoid microstructures (Figs. 14(b—1)). It is
intriguing that the needle-like #-Zn phase appeared
to have a higher enrichment of Cu element
(Fig. 14(d)).

To further confirm the existence of B and Ti in
the eutectoid microstructures in the modified alloy,
STEM-EDS analysis at the atomic scale of the #-Zn
phase of these eutectoid microstructures was
conducted, as shown in Fig. 15. The Zn distribution
in Fig. 15(b) corresponded well to the Zn atomic-
columns in Fig. 15(a), indicating an atomic-
resolution EDS analysis. The #-Zn phase contained
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Element wt% at%
Zn 77.02 57.01

Al 670 12.03
Cu 1098 837
Mg 018 0.69
Ti 007 007

7Zn B 481 2183 7.

Al

0]

Cufl zn

0123456789101l
Energy/keV

Fig. 15 Atomic-resolution HAADF-STEM image (a) and corresponding EDS mappings (b—g) of #-Zn phase in
eutectoid microstructure for as-cast ZA27-0.05(Ti+B) alloy, and EDS results (h) of (a)

primarily Zn, Al, Cu, and B elements with minor
amounts of Mg and Ti elements, which is consistent
with the results in Figs. 12—14. The precise
locations of Al, Cu, Mg, Ti, and B in the #-Zn phase
could not yet be identified.
3.2.3 Impact of TiB on primary a(Al) and eutectoid

microstructure

According to the obtained results, the addition
of modifier not only refined the primary a(Al)
phase of the ZA27 alloy but also transformed the
coralloid eutectoid microstructure to one that
coexists with basket-like and strip-like structures.
The refining of the primary a(Al) phase is crucial
for improving the mechanical properties of the
ZA27 alloy [20]. Additionally, as was already

discussed, the basket-like eutectoid microstructure
is superior to the coralloid and strip-like eutectoid
microstructures in terms of strengthening the alloy.
As a result, the modified alloys exhibited better
mechanical properties than the unmodified alloy.
The primary a(Al) phase of ZA -eutectoid
alloys has been reported to be refined by the
addition of TiB, particles or Al-Ti—B master
alloys [18,20,22], but no attention was paid to how
this altered the eutectoid microstructure. As a result,
the proposed modification mechanisms for the
refinement of the primary a(Al) phase were
discussed. Due to their significantly higher melting
temperatures than those of Al and Zn [28,29],
some intermetallic particles, such as TiB, and
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ALTi [18,20,22], may form first during the
solidification of the modified alloys, according to
one more widely accepted viewpoint. Due to their
favorable lattice matching with a(Al) [20], these
particles can act as efficient heterogeneous
nucleation sites for a(Al) grains, facilitating the
nucleation of the primary a(Al) phase. Another
viewpoint claimed that the primary o(Al) phase
would be surrounded by hard TiB, particles that
would act as barriers to grain growth, inhibiting the
primary o(Al) phase from growing [18].

However, the modified alloy containing
0.05 wt.% (Ti+B) in this study did not contain TiB,
and Al:Ti particles. Therefore, the heterogeneous
nucleation and growth retardation do not apply to
the primary a(Al) refining explanation of this alloy.
The most likely mechanism might be an enrichment
of B atoms at the solid—liquid interface, which
would lead to constitutional supercooling and
prevent the development of primary a(Al) dendrites.
The observation of B enrichment in the primary
o(Al) can provide evidence in support of this
mechanism (Figs. 7(b) and 10(b)). The modification
of Zr and Sr on ZA alloys has been explained by a
similar mechanism [20,27].

Despite the presence of AlsTi particles in the
modified alloy with 0.2 wt.% (Ti+B), they do not
contribute to the nucleation of primary a(Al). This
judgement is supported by the observation that the
degree of refinement of the primary a(Al) in the
alloy with 0.2 wt.% (Ti+B) was not higher than that
in the alloy with 0.05 wt.% (Ti+B). Effectively
promoting the nucleation of primary a(Al) is
difficult due to the low amounts of the AlTi
particles. If considerable amounts of TiB, and Al;Ti
particles could be added to the alloy, it could be
anticipated that the heterogeneous nucleation and
growth retardation mechanisms caused by these
particles would also be crucial in the refinement of
the primary a(Al). The current work demonstrates
that the number of TiB, and Al;Ti particles
introduced by suitable additions of Al-5Ti—1B
master alloys is constrained. One more effective
technique to introduce these particles is the in situ
mixed salt route [18].

In addition to refining the primary a(Al) phase,
the addition of TiB altered the morphology of the
eutectoid microstructure. Our EDS analysis has
demonstrated that the eutectoid microstructure had
B as well as trace amounts of Ti. The formation of

the basket-like and strip-like eutectoid micro-
structures is suggested to be caused by the
involvement of B and/or Ti atoms in the eutectic
and eutectoid reactions.

4 Conclusions

(1) Adding TiB modifiers significantly
improves the hardness and strength of the as-cast
Zn—27A1-2Cu—-0.02Mg (wt.%) alloy, but has no
impact on its ductility. The maximum Vickers
hardness of HV 184 and the maximum tensile
strength of 434 MPa are achieved at a (Ti+B)
content of 0.05 wt.%.

(2) The addition of TiB refines the primary
o(Al) dendritic microstructure and modifies the
morphologies of the a(Al) and #-Zn phases in the
eutectoid microstructure, though the phase
constituents remain unchanged. Ti and B are
distributed as solutes in the phase constituents.
When more than 0.2 wt.% (Ti+B) is added, part of
Ti will exist as Al;Ti.

(3) The primary a(Al) grains are refined, most
likely owing to the enrichment of B atoms at the
solid—liquid interface, which may lead to
constitutional supercooling and prevent the
coarsening of a(Al) dendrites. The modification of
the eutectoid microstructure may be related to the
involvement of B and/or Ti atoms in the eutectic
and eutectoid reactions.
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TiB AUARIIXT ZnAl & & iU AU R 220
B E# 12, RLE!, MiEaA!, iz

1. IR RS MRRES TRE%E madasho, Kb 410082;
2. WM A AL EERERERAR, Kb 410015;
3. WERREE BOeRE BTG, HEO 570228

8 OE: RARRME T RS s RSN BT R R R X S, BEIT TiB I B 3R
E(ZA2TY & &R - #63— R %1 Zn—27Al-2Cu—0.02Mg—x(Ti+B) (x=0, 0.01, 0.02, 0.05, 0.10, 0.20,
JRETEL, %) Erdr. WIFES IR, ZA27 & 4 00 BRI 30 BE B (Ti B) & B3 N 42 &, 7E(Ti+B) & &0 0.05%
BB B EE . TiB SR DA A a(ADFE ARRL,  SCEIIR (o AD+-Zn) I RO 4544, 1X 2 ZA27
Ea 1 E IR IR I R SO S ST 2 2R IR R AN SR AT L AN ZE RS e WIAE a ADVAH dRL I
MALAR T BE S B 7E [ - _E R AT 512 I R 1 A 9% . B RI/ER Ti 2 538 SR LT [ Bz, o8 1 et 4280
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XHIE): Zn-Al 54 TiB o7 EBAEHS; JitRs; BT EHEOR
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