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Abstract

In our previous study, we observed that the Mgg737Zn;g3Y¢75 (at%) alloy, composed of a-Mg, the W phase (MgzZn3Y>,), and a small
quantity of the I phase (MgzZngY) exhibited an extremely high thermal conductivity of 141 Wm™K™! attributable to the precipitation of a
large amount of the fine W phase through heat treatment at 633 K for 15 h. In the present study, we examined how extrusion conditions affect
the thermal conductivity and mechanical properties of the Mgy;3;Zn;g3sY (75 alloy with high thermal conductivity. As a result, an extruded
Mg alloy was developed, exhibiting excellent properties, including a thermal conductivity of 131 Wm™'K!, a tensile strength of 361 MPa, and
an elongation of 9.7 %. These superior mechanical properties were obtained by optimizing extrusion conditions, thereby inducing dynamic
recrystallization during the process to refine the «-Mg matrix and causing the dynamically recrystallized area, which consisted of grains with
lower strain and random orientation, to expand. Furthermore, a decline in thermal conductivity by 9-11 Wm™'K"! was observed following

extrusion, independent of the specific processing parameters.

© 2026 Chongging University. Publishing services provided by Elsevier B.V. on behalf of KeAi Communications Co. Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Since Mg alloys are the lightest metal material in practical
use, they have garnered significant interest for their potential
in reducing the weight of transportation vehicles. Such
weight reduction contributes significantly to energy conser-
vation and emission reduction efforts [1,2]. In recent years,
the rapid development of aerospace systems, high-speed
trains, autonomous driving systems, and others has resulted
in an increase in both the quantity and layout density of
high-power electromagnetic components, leading to greater
heat generation during equipment operation. If the large
amount of heat generated cannot be dissipated promptly, it

Peer review under the responsibility of Chongging University.
* Corresponding author.

E-mail address: 245d9421 @st.kumamoto-u.ac.jp (Y. Wang).
# Graduate student, Kumamoto University

https://doi.org/10.1016/j.jma.2025.09.028

will lead to excessively high equipment temperature, which
will severely affect stability and safety when operating the
equipment [3]. However, compared with Al alloys, commer-
cial Mg alloys have lower mechanical strength and thermal
conductivity (TC), limiting their application as structural
components in vehicle-mounted high-temperature equipment
and on-board electronics.

To solve these problems, there have been many attempts
to develop Mg alloys with the combination of high TC,
strength, and ductility. In general, various strengthening meth-
ods, including solid solution strengthening [4,5], grain refine-
ment [6-9], work hardening [10-12], precipitation strength-
ening [6,13,14], dispersion hardening [12], and most recently,
kink banding strengthening [15-19], can be used to develop
high-strength Mg alloys. However, a trade-off typically ex-
ists between yield strength (YS) and elongation (El). In ad-
dition, these strengthening methods also introduce lattice de-
fects such as solute atoms, second phases, grain boundaries,
twin boundaries, stacking faults, and dislocations. These de-

2213-9567/© 2026 Chongqing University. Publishing services provided by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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fects enhance the probability of scattering of free electrons
and phonons, which serve as carriers for heat conduction. As
a result, the mean free path of the heat carriers decreases,
which in turn lowers TC. Consequently, a similar trade-off
also exists between YS and TC [9,20-24]. Therefore, studies
on high-TC Mg alloys primarily concentrate on the selection
of alloying elements and are carried out on the basis of the
principle of using alloys with fewer elements added and ap-
plying manufacturing methods such as die-casting [21-29].
Recently, Mg alloys that exhibit both high TC and relatively
high strength have been successfully produced by extruding
alloys with a limited addition of alloying elements. Thus far,
Yuan and coworkers have developed Mg—Zn-Mn (Zn < 3.15
at%, Mn < 0.47 at%) alloys with a TC of 120-125 Wm! K,
a YS of 211-288 MPa, and an El of 14.8%-16.0% [27,28].
Wang et al. developed the Mg—1.14Zn-0.16Zr (at%) alloy
with a TC of 126 Wm''K'!, a YS of 255 MPa, and an El
of 7% [29]. Zhong et al. also developed the Mg—0.02Mn—
0.05Ce (at%) alloy with a TC of 126.9 Wm'K'!, a YS of
295.9 MPa, and an El of 9.6 % [30]. Although the restricted
addition of alloying elements contributes to enhancing ther-
mal conductivity, the resulting alloys suffer from insufficient
yield strength, typically below 300 MPa.

In our previous research [31], we optimized the compo-
sition and heat treatment conditions of a Mg-Zn-Y alloy.
This alloy contains a Zn-Y pair characterized by a highly
negative mixing enthalpy of —31 kJ/mol. Through this opti-
mization, the W phase (MgszZn3Y,), which consumes alloying
elements, particularly Y, a key element affecting the thermal
conductivity of Mg alloys, was more extensively crystallized
and precipitated. Consequently, the «-Mg matrix was signifi-
cantly purified. As a result, we have successfully developed a
casting heat-treated Mgg737Zn;83Y (75 alloy that exhibits an
extremely high thermal conductivity reaching 141 Wm'K!.
The alloy is composed of the «-Mg phase, the W phase, and
a small amount of the I phase (Mg3;ZngY). Jiang and cowork-
ers [32,33] applied high-temperature extrusion processing to
a Mg-Zn-Y-Zr—Ca alloy, in which the primary constituent
phase was the W phase. As a result of this processing, the
nanoscale fine W phase precipitated within the matrix. Si-
multaneously, the initially crystallized coarse W phase was
fractured and uniformly dispersed throughout the matrix. This
microstructural evolution facilitated the development of a bi-
modal grain structure, consisting of fine dynamically recrys-
tallized grains and coarse non-recrystallized grains, resulting
in the high strength and moderate ductility of the alloy. There-
fore, by properly extruding the Mgo737Zn; g3 Y075 alloy, it is
also possible to obtain high strength and ductility while main-
taining high thermal conductivity.

Therefore, we took the high-thermal-conductivity, casting
heat-treated Mgy737Zn;33Y 075 alloy as the subject in the
present study, with the aim of obtaining high mechanical
strength while maintaining the high thermal conductivity. The
effects of extrusion conditions on the microstructure and prop-
erties of the extruded Mgo7.37Zn; 83 Y75 alloy were systemat-
ically studied.

2. Experimental procedure

Mgy737Zn; 83Y 75 (at%) alloy samples were fabricated us-
ing pure Mg, Zn, and Y with a purity of 99.9 mass% using a
high-frequency induction dissolution furnace. The alloy melt
was retained in a carbon crucible at 1023 K for 15 min, fol-
lowed by a 15 min stirring process using a carbon rod, after
which the molten alloy was transferred to a mild steel mold
for solidification. The entire process was carried out in Ar
atmosphere. The as-cast Mgg737Zn;g3Y 75 alloys were sub-
jected to heat treatment at 633 K for 15 h using a tubular
furnace. After heat treatment, the samples were air-cooled at
a rate of 1.2 K-s*'. For extrusion processing, the heat-treated
ingots were processed into round bars with the dimensions
of $29 mm x L60 mm. Subsequently, extrusion processing
was carried out using an 80t hydraulic extrusion press under
various conditions, including extrusion ratios from 5 to 20,
ram speeds from 0.5 to 5.5 mm-s', and temperatures from
523 to 673 K.

The  thermal  conductivity @ of the  extruded
Mgo737Zn;83Yp7s alloys was quantitatively determined
at 298 K by a laser flash analysis technique using the LFA
467 HyperFlash apparatus. The thermal conductivity of all
the extruded alloys was measured in both the extrusion di-
rection (ED) and the transverse direction (TD). The samples
were processed into discs measuring ¢9 mm x L2 mm and
ground using #2000 SiC paper until both surfaces were flat,
smooth, and free of visible defects. Pyroceram samples were
used as reference samples to calibrate the thermal diffusivity
and specific heat capacity of the instrument. Before the mea-
surements, the samples including the reference were sprayed
with Dry Graphite Film Spray to enhance the absorption
of flash light pulses. During measurements, a Xenon flash
lamp was employed to generate the light pulses, and the
surface temperature was recorded with an InSb sensor. The
mechanical properties of the extruded alloys were evaluated
at room temperature. An Instron 5584 testing machine was
employed for the measurements. The elongation of samples
was evaluated using an extensometer (AVE 2) under a strain
rate of 5 x 10 s!. Dog-bone-type samples were used in
tensile testing. During the tensile testing, the loading axis was
oriented parallel to the extrusion direction (ED). To reduce
experimental errors, thermal conductivity and stress—strain
curves were obtained from at least three samples.

The phase compositions of the extruded Mgg7.37Zn; 83Y0.75
alloys were ascertained using an XRD device (Bruker, D8
Discover). XRD patterns were collected over a 26 range from
20° to 90°, with a scanning increment of 0.02° per second.
The microstructure of the alloys was observed by SEM (JIB-
4601F). Crystallographic orientation analysis was performed
by EBSD using OIM. To assess grain size, internal strain
distribution, and degree of orientation, inverse polar figure
(IPF) mapping, kernel average misorientation (KAM) map-
ping, and polar figure imaging were employed. Each scanned
region covered an area of 100 x 200 wm? with a step size
of 0.2 pm to ensure high spatial resolution.
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3. Results

3.1. Effects of extrusion conditions on properties of
Mgo7.37Zn;.85Y0.75 alloy

Figs. 1(a), (b), and (c) respectively illustrate the effects of
extrusion ratio (R), extrusion ram speed (V;), and extrusion
temperature (7,) on the thermal conductivity of the extruded
Mgog737Zn; 83Y 75 alloys. The results show that the thermal
conductivity of the extruded Mgoy737Zn;33Y075 alloys is al-
most independent of the extrusion conditions. After extrusion
processing, it decreased by about 9-11 Wm™'K'! regardless
of the extrusion conditions, but still remained very high at a
value above 130 Wm™'K!.

Figs. 2(a), (b), and (c) respectively illustrate the ef-
fects of extrusion ratio, extrusion ram speed, and extrusion
temperature on the mechanical properties of the extruded
Mgo7.37Zn; 33 Y .75 alloys. As shown in Fig. 2(a), at a V; of 1.0
mm-s? and a 7. of 523 K, as the extrusion ratio was raised
from R5 to R20, the tensile yield strength increased initially
and reached the maximum at the extrusion ratio of 10, and
then gradually decreased. In contrast, the elongation increased
consistently with each increment in extrusion ratio. When the
extrusion ratio was above 10, the alloy simultaneously exhib-
ited a very high tensile yield strength (oo, > 350 MPa) and a
sufficient ductility (§ > 5%). As shown in Fig. 2(b), at an R

of 15 and a T;, of 523 K, as the extrusion ram speed was raised
from 0.5 to 5.5 mm-s’', the tensile yield strength decreased
significantly, whereas the elongation increased markedly. At
an extrusion ram speed of 1.0-2.5 mm-s!, the alloy simul-
taneously exhibited a high yield strength (0o, > 300 MPa)
and a high ductility (6 > 9%). As shown in Fig. 2(c), at an
R of 15 and a V, of 1.0 mm-s’!, as the extrusion tempera-
ture was raised from 523 to 673 K, the tensile yield strength
decreased monotonically and the elongation was almost un-
changed. When the temperature was below 623K, high yield
strength (09, > 300 MPa) and high elongation (§ > 9 %)
were obtained simultaneously.

Fig. 3(a) illustrates the relationship between tensile yield
strength and elongation for Mgo7.37Zn; 83 Y75 alloys. The op-
timal extrusion conditions for obtaining high tensile yield
strength while having an elongation of about 10% are
R =15V, = 1.0 mms", and T, = 523 K. Fig. 3(b) il-
lustrates the relationship between thermal conductivity and
tensile yield strength for the extruded Mgy737Zn;83Y 75 al-
loys. In this study, the thermal conductivity of the extruded
Mgo737Zn;83Y 75 alloys was found to be independent of
extrusion conditions. Extrusion processing resulted in a de-
crease of approximately 10 Wm'K'! in thermal conductiv-
ity for all alloys under all the investigated conditions. Con-
sequently, the alloy extruded under the conditions yielding
the most balanced mechanical properties still retained an ex-
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cellent thermal conductivity of 131 Wm™'K''. These results
show that the extruded Mgo7.37Zn; g3Y¢ 75 alloy prepared un-
der the optimal extrusion conditions simultaneously achieved
a thermal conductivity as high as 131 Wm'K!, a high
yield strength reaching 361 MPa, and a notable elongation of
9.7%.

3.2. Microstructure evolution of extruded Mgoy 37Zn;s8Y0.75
alloys

Figs. 4(a), (b), and (c) show the XRD patterns obtained
from the extruded Mgo737Zn;33Y075s alloys under differ-
ent conditions. Irrespective of extrusion conditions, the con-
stituent phases of the extruded Mgo737Zn;g3Y 075 alloys did
not change. Similarly to the heat-treated alloys, the XRD pat-
terns of the extruded alloys exhibited diffraction peaks corre-
sponding to the «-Mg and W phases, along with a weak peak
associated with the I phase.

Fig. 5 shows the SEM images obtained from the extruded
Mgo737Zn;83Y 075 alloys under different conditions. Fig. 6
illustrates the effects of the extrusion ratio, extrusion ram

speed, and extrusion temperature on the dispersion of com-
pound bands and the particle size of compounds, ascertained
from SEM images, in extruded Mgo737Zn;83Y (75 alloys. As
the extrusion ratio was raised from RS to R20, the disper-
sion of compound bands increased from 0.06 to 0.1 pm',
whereas the particle size of compounds remained almost un-
changed at approximately 0.40 wm. Moreover, the dispersion
of compound bands and the particle size of compounds were
almost unaffected by extrusion ram speed and extrusion tem-
perature, and remained at around 0.09 um’l and 0.40 pm,
respectively.

Fig. 7 shows the IPF maps of the extruded
Mgo737Zn;88Y 075 alloys under different extrusion condi-
tions. Fig. 8 illustrates the effects of extrusion conditions on
the area fraction and grain size of dynamic recrystallized
(DRXed) «-Mg, ascertained from the IPF maps, in extruded
Mgo737Zn;83Y 075 alloys. When the extrusion ratio increased
from R5 to R20, the grain size of the DRXed «-Mg phase
remained nearly constant at approximately 1.5 wm. However,
the area fraction of the DRXed «a-Mg significantly increased
from 23 to 75%. With the extrusion ram speed increasing
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from 0.5 to 5.5 mm-s™', both the grain size and area fraction
of the DRXed o-Mg phase increased, with the grain size ris-
ing from 1.1 to 4.5 pm and the area fraction increasing from
44 to 94 %. In contrast, when the extrusion temperature was
elevated from 523 to 673 K, the grain size of the DRXed
a-Mg phase increased from 1.3 to 2.9 pwm, whereas the
area fraction remained relatively constant at approximately
70 %.

Fig. 9 illustrates the effects of extrusion conditions on the
mean KAM value in the extruded Mgy737Zn;33Y 75 alloys.
With increasing extrusion ratio, extrusion ram speed, and ex-

trusion temperature, the mean KAM value decreases, and the
non-recrystallized grains exhibit a higher mean KAM value
than the recrystallized grains.

4. Discussion
4.1. Effects of extrusion processing on thermal conductivity
In our previous study [31], by optimizing the heat treat-

ment conditions of the Mgg737Zn;83Y075 alloy, Zn and Y
elements with negatively large mixing enthalpy largely com-
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bined to form the W-phase and precipitated, thereby purifying
the matrix. As a result, the thermal conductivity of the al-
loy was significantly enhanced, exhibiting an ultrahigh value
of 141 W m'K'!. To enhance the mechanical properties of
this high-thermal-conductivity alloy, we subjected it to ex-
trusion processing. As illustrated in Fig. 3, although extru-
sion significantly enhanced the mechanical properties of the

Mgy737Zn; 8375 alloy, it concurrently caused a decrease in
thermal conductivity. From the results in Figs. 1 and 3(b), we
can find that in this study, regardless of extrusion conditions,
the thermal conductivity of the Mgg737Zn;83Y 075 alloy de-
creased by 10 & 1 Wm'K™! after extrusion processing. This
phenomenon has also been observed in Mg—Al-Zn, Mg—Zn—
Mn, and Mg—Al-Ca alloys. After extrusion processing, the
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Fig. 10. SEM images and IPF map showing the microstructure of the Mgg7.37Zn;83Y (75 (at%) alloy in (a) heat-treated and (b) extruded states. The extruded
material was produced under optimum extrusion conditions. The corresponding extrusion ratio (R), extrusion ram speed (V;), and extrusion temperature (7¢)

were 15, 1.0 mm-s’!, and 523 K, respectively.

thermal conductivity of these alloys also decreased by 1-11
Wm'K! [9,27,34-36]. Fig. 10 shows the microstructures of
the heat-treated and extruded Mgy737Zn;g3Y (75 alloys. Mi-
crostructural comparison revealed that after the extrusion pro-
cessing, the coarse compounds were fragmented and, together
with the fine precipitates, highly dispersed along the extrusion
direction in a band-like distribution. This increased the prob-
ability of free electrons and phonons being scattered by the
compounds. Simultaneously, the extrusion processing caused
the dynamic recrystallization of coarse grains, decreasing the
grain size from approximately 1000 pm to about 1 pwm, and
produced highly strained non-recrystallized grains with a pro-
nounced texture. This led to an increase in the density of
defects such as grain boundaries and dislocations, generat-
ing additional scattering sources for electrons and phonons.

Table 1

Solute concentration in a-matrix of heat-treated (HT: 633 K x 15 h, AC) and
extruded (Ex: R = 15, V; = 1.0 mm-s™!, T, = 523-673 K) Mgo7.37Zn1 83 Y075
alloys.

State Solute concentration in «-Mg (at%)
Y Zn

HT 0.04 0.70

Ex 0.07 0.71

In Table 1, the solute concentrations in the «-Mg matrix of
the heat-treated and extruded alloys are compared. The re-
sults indicate that the solute concentration remains nearly un-
changed after extrusion. Fig. 11 shows the correlations of the
mean KAM value and the thermal conductivity of the heat-
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Fig. 11. Dependence of thermal conductivity on mean KAM value of heat-
treated and extruded Mgy737Zn183Y 075 (at%) alloys.

treated and extruded Mgo;37Zn; 3375 alloys under different
extrusion conditions. Compared with the heat-treated alloy,
the extruded alloys exhibited a higher KAM value and a lower
thermal conductivity. In other words, it is considered that the
reduction in thermal conductivity occurred because the extru-
sion processing introduced various defects that affect thermal
conductivity, such as grain boundaries, twin boundaries, dislo-
cations, point defects, and nanovacancies. Since defects have
a considerably smaller impact on thermal conductivity than
solute atoms [23,24], the alloy could retain its high thermal
conductivity even after extrusion.

After the extrusion processing, owing to the alignment of
compound bands along the extrusion direction and the for-
mation of texture, as shown in Fig. 1, the extruded Mg al-
loys typically exhibit anisotropic thermal conductivity, with
the transverse direction (TD) 69 Wm™'K™! higher than the
extrusion direction (ED). This phenomenon has been reported
in several studies [34—37]. However, compared with Mg—Al-
Ca—Mn alloys [9], the alloys in the present study show slightly
greater anisotropy, which is presumed to be due to the ad-
dition of the rare-earth element Y, leading to the formation
of a certain rare-earth texture within the recrystallized grains
[38,39].

The thermal conductivity of metals is primarily governed
by the movement of free electrons and lattice vibrations
(phonons), which can be scattered by various microstructural
obstacles, such as impurities, grain boundaries, and phase
boundaries, leading to a reduction in alloy thermal conduc-
tivity. Fig. 12 shows the electrical and thermal conductivities
of the as-cast, heat-treated, and extruded Mgg7.37Zn; 83Y0.75
alloys. A linear relationship between thermal conductivity
and electrical conductivity is observed, consistent with the
Wiedemann—Franz law (A./c = LT). By comparing the cal-

160
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o

— Experimental regression line
--- Calculated electron contribution A,

0’....1....1....|

0 5 10 15 20
Electrical conductivity, o/MSm’’

Fig. 12. Relationship between the thermal and electrical conductivities of the
as-cast, heat-treated (633 K x 15 h, AC), and extruded (R = 15, V; = 1.0
mm-s’!, T, = 523 K) Mgoy737Zn183 Y075 (at%) alloys.

culated A.—o line with the experimentally measured A—o line,
we estimated that electrons contributed approximately 98 % of
the total thermal conductivity in this alloy. This contribution
is likely attributable to the extensive formation and precip-
itation of compounds, which effectively purify the matrix,
thereby rendering the effect of phonon-impurity scattering
negligible.

4.2. Effects of extrusion processing on mechanical properties
of Mge737Zn;.8sY0.75 alloy

Figs. 13(a), (b), (c), and (d) respectively present the cor-
relations of the dispersion of compound bands, the particle
size of compounds, the area fraction of the dynamic re-
crystallized «¢-Mg, and the grain size of dynamic recrystal-
lized o-Mg and the tensile yield strength of the extruded
Mgy737Zn; 8375 alloys (633 K x 15 h + Ex) under dif-
ferent extrusion conditions. The tensile yield strength of the
extruded Mgg737Zn183Y 075 alloys under different extrusion
conditions is significantly positively correlated to the decline
in the grain size of the dynamic recrystallized o-Mg. In ac-
cordance with the Hall Petch law, refining grains can produce
more grain boundaries, which impose a higher resistance on
the movement of dislocations, consequently resulting in an
increase in the yield strength of the alloy. The Hall-Petch
law can be expressed as [40]:

gy = 00+ kd 7, 4.1)

where o4, is the grain boundary strengthening, oo is the
intrinsic strength of the material, k is the slope (approx-
imately 190 MPa wm'2, as shown in Fig. 13(d)), and d
means the average grain size. Thus, it can be calculated
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and (d) the grain size of the dynamic recrystallized «-Mg with the tensile yield strength of the extruded Mgog737Zn; 383 Y075 (at%) alloys (633 K x 15 h + Ex)

under different extrusion conditions.

that in this experiment, the grain boundary strengthening
caused by the fine recrystallized grains in the extruded sam-
ples is approximately 37-116 MPa. In addition, there is also
a negative correlation between the area fraction of the dy-
namic recrystallized «-Mg and the yield strength of the alloy.
This is because the fewer o-Mg grains that achieve dynamic
recrystallization, the more non-recrystallized grains will be
stretched and deformed along the extrusion direction. As is
well known, compared with dynamically recrystallized grains,
non-recrystallized worked grains have higher dislocation den-
sity. Therefore, more non-recrystallized areas can also pro-
duce greater dislocation strengthening (o g;s) in the alloy. The
formula of 045 can be expressed as [40,41]:

Odis = AfM(XGb[, (42)

where A represents the area fraction of non-recrystallized
grains, M represents the Taylor factor of non-recrystallized
grains (taken as 3.5 for Mg [41]), « is a constant (taken as 0.2
for Mg [41]), G is the shear modulus (taken as 16.6 GPa for
Mg [42]), b is the Burger’s vector (taken as 3.21 x 107" m
for Mg [43]), and p means the dislocation density of non-
recrystallized grains, which is calculated as [40,43,44]:

20
p = XAM (4.3)

ub
where Oxam means the average KAM value of the non-
recrystallized grains, | is the EBSD scanning step size (0.6
pm), and b is the Burger’s vector. From these formulas, o g
can be calculated. Fig. 14 shows the relationship between the
area fraction of non-recrystallized grains (Ay) and the dislo-
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cation strengthening (o 4i5). Dislocation strengthening shows a
significant positive correlation with the area fraction of non-
recrystallized grains. The second phase plays a non-negligible
role in achieving the high strength of the alloy [32,33]. In this
study, the volume fraction of the compounds remained con-
stant, and changes in the extrusion conditions did not alter the
particle size or the dispersion of compound bands. Therefore,
in the extruded alloys in this study, no significant relationship
was observed between the yield strength and the particle size
or the dispersion of compound bands.

Figs. 15(a), (b), (c), and (d) respectively present the corre-
lations of the dispersion of compound bands, the particle size
of compounds, the area fraction of the dynamic recrystallized
a-Mg, and the grain size of the dynamic recrystallized «-Mg
with the elongation of the extruded Mgy737Zn;83Y 75 alloys
(633 K x 15 h + Ex) under different extrusion conditions. A
significant positive correlation is observed between the elon-
gation of the alloys and the area fraction of the dynamically
recrystallized «-Mg. The dynamic recrystallized «¢-Mg has a
more random crystal orientation, and the increase in the area
fraction of the dynamic recrystallized o-Mg can effectively
increase the Schmid factor, making sliding easier. Similarly,
to tensile strength, in this study, no significant relationship
was found between ductility and the particle size and disper-
sion of compounds.
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Fig. 15. The correlations of (a) the dispersion of compound bands, (b) the particle size of compounds, (c) the area fraction of the dynamic recrystallized
a-Mg, and (d) the grain size of the dynamic recrystallized «-Mg with the elongation of the extruded Mgg7.37Zn; 83Y 075 (at%) alloys (633 K x 15 h + Ex)

under different extrusion conditions.
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Table 2
Properties of the developed Mgo7.37Zn;83Y0.75 (at%) alloys compared with those of existing high-thermal-conductivity and high-strength Mg alloys.
Alloy composition (at%) Process conditions Properties
Heat treatment before Extrusion Heat treatment after 002 8 (%) Aep (W
extrusion extrusion (MPa) m'K")
R V; (mm/s) T. (K)
Mgo737Zn1 83Y 075 633 K x 15 h, AC 10 1.0 523 As extruded 366 + 2 54+£005 132 £ 0.2
633 K x 15 h, AC 15 1.0 523 As extruded 361 + 2 9.8 +£ 04 131 +£ 0.1
633 K x 15 h, AC 20 1.0 523 As extruded 355+ 3 11.5 £ 1.0 130 £ 0.3
633 K x 15 h, AC 15 1.0 573 As extruded 350 £ 4 9.3 £03 132 £ 0.2
633 K x 15 h, AC 15 1.0 623 As extruded 307 £ 2 9.5+ 03 131 £ 0.2
633 K x 15 h, AC 15 2.5 523 As extruded 306 £ 5 139 £ 1.0 131 £ 0.1
633 K x 15 h, AC 15 1.0 673 As extruded 285 £ 2 9.7 £ 03 131 £ 0.1
633 K x 15 h, AC 15 4.0 673 As extruded 262 + 4 17.7 £ 0.3 131 £ 0.2
Mgos 98 Als sCaz sMng o2 673 K x 2.5 h, CFC 20 2.5 473 As extruded 397 £ 3 55+£05 124 £ 0.2
673 K x 2.5 h, CFC 20 2.5 493 As extruded 384 + 2 6.0 £0.2 123 £ 0.3
673 K x 2.5 h, CFC 20 2.5 523 As extruded 376 +£ 2 73 +£02 123 +£ 0.1
673 K x 2.5 h, CFC 20 2.5 548 As extruded 358 +£ 2 7.6 + 0.1 121 £ 0.1
673 K x 2.5 h, CFC 20 2.5 573 As extruded 356 + 2 7.7 £02 120 + 0.2
673 K x 2.5 h, CFC 20 2.5 598 As extruded 358 +£ 8 74 £ 04 125 £ 0.3
673 K x 2.5 h, CFC 20 2.5 623 As extruded 333 £ 2 81+13 120 + 0.1
673 K x 2.5 h, CFC 20 2.5 648 As extruded 326 +£ 2 8.4 + 0.1 119 £ 0.3
673 K x 2.5 h, CFC 20 2.5 673 As extruded 313+ 1 9.7 £ 0.7 119 £ 0.2
673 K x 2.5 h, CFC 20 4.0 473 As extruded 377 £ 9 6.3 £ 0.8 124 + 0.1
673 K x 2.5 h, CFC 20 5.5 473 As extruded 352 +£ 1 7.6 £ 0.1 120 + 0.2
Mgg AlsCas 673 K x 2.5 h, FC 20 2.5 623 As extruded 337 £ 4 52405 118 +£ 0.7
Mgo3.97AlsCaxMng o3 673 K x 2.5 h, WC 20 2.5 623 As extruded 318 £ 4 74 £ 04 119 £ 0.1
Mgy7.61Zn1 93Mng 46 643 K x 12 h 16 UNK 623 448 K x 36 h 268 14.8 122
643 K x 12 h 16 UNK 623 673 K x 1.5 h, 310 12.5 117
448 K x 20 h
Mgoe 38Zn3,15Mng 47 643 K x 12 h 16 UNK 623 448 K x 28 h 288 153 120
643 K x 12 h 16 UNK 623 673 K x 1.5 h, 354 12 115
448 K x 28 h
Mgog 7Zny 1471016 UNK UNK UNK UNK As extruded 255 7 126
Mgy7.76Z102.12Z10.12 UNK UNK UNK UNK As extruded 260 11 117
Mggg_55Zn0_96Sm0_24Zro_z5 573 K 28 3.3 623 As extruded 254 11.3 124
Mgog 75Mng 22 Ceo 03 693 K x 12 h 25 2.0 673 As extruded 293 7.6 137
Mgy 73Mng 22Cep 05 693 K x 12 h 25 2.0 673 As extruded 196 9.6 140
Mg99_57Mno_4Ceo_03 773 K x 24 h 12 0.1 423 As extruded 270 12.5 112
Mgoo.51Mng 4Cep 00 773K x 24 h 12 0.1 423 As extruded 285 113 113
Mgogo.44Mng 4Ceg 16 773 K x 24 h 12 0.1 423 As extruded 320 7.4 121
Mgos99Alz g1 Lay 11 Mng o9 623 K x 15 min 12 0.1 623 As extruded 256 8.4 128

Alloys with a tensile yield strength of 250 MPa or higher, elongation above 5%, and thermal conductivity over 100 Wm™'K-! are listed for comparison.

The above results show that refining dynamically recrys-
tallized grains and increasing their area fraction are effective
for simultaneously achieving high strength and ductility.

4.3. Placement of extruded Mgg;377n;8sY0.75 alloys among
Mg-based wrought alloys with high thermal conductivity and
mechanical strength

To date, Mg—Al-Ca, Mg—Zn-Mn, Mg-Zn-Zr, Mg—Zn—
Sm-Zr, and Mg-Mn—Ce alloys have been reported as Mg
alloys with high thermal conductivity [9,27-30,35,36,45,46].
Fig. 16 shows comparison of the thermal conductivity and
tensile yield strength of the extruded Mgg;37Zn;g3Y (75 al-
loys developed in this work with those of available high-
performance Mg alloys (A = 100 Wm™'K'!, o9, = 250 MPa,
and § = 5%). The detail date of these alloys is listed in
Table 2. It is evident that the extruded Mgg;37Zn, gY (75 al-
loys developed in this work demonstrate thermal conductiv-
ity and mechanical strength superior to those of most pre-
viously reported high-performance Mg alloys. Although the
yield strength of the present alloy is slightly lower than that of
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Fig. 16. Thermal conductivity and tensile yield strength of extruded
Mgoy7.37Zn183Y0.75 (at%) alloys developed in this study compared with those
of existing high-thermal-conductivity and high-strength Mg alloys (A >
100Wm 'K, o9, > 250 MPa, and § > 5%).
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Mg-Al-Ca alloys, it demonstrates higher thermal conductivity
and improved ductility, indicating a more favorable balance
of properties for applications requiring both heat dissipation
and mechanical performance.

5. Conclusions

To develop high-thermal-conductivity and high-strength
Mg—Zn-Y alloys, the effects of different extrusion conditions
on the extruded Mgy737Zn;83Y¢7s alloy were investigated.
The main results obtained are as follows:

(1) By extruding the high-thermal-conductivity
Mgy737Zn; 83Y 75 alloy under optimized processing
conditions, we successfully realized a multifunctional
Mg—Zn-Y alloy with an excellent balance of thermal
conductivity, strength, and ductility. The optimal extru-
sion conditions were determined to be R = 15, V;, = 1.0
mm-s’, and 7, = 523 K. Under these conditions, the
alloy exhibited a high thermal conductivity of 131
Wm'K!, a tensile yield strength of 361 MPa, and an
elongation of 9.7 %.

(2) Regardless of the extrusion conditions, the extrusion
processing caused the thermal conductivity to decline
moderately by about 10 £ 1 Wm™'K'.

(3) The microstructural analysis of the extruded
Mgo737Zn;38Y 075 alloys revealed that there was an
inverse relationship between the tensile yield strength
of the alloy and the grain size of the dynamic recrys-
tallized «-Mg. In contrast, the elongation was found to
be positively correlated with the area fraction of the
dynamic recrystallized «-Mg. These findings suggest
that, in order to achieve a favorable combination of
high strength and ductility, it is essential to both refine
the dynamic recrystallized grain structure and maximize
its area fraction.

(4) The achievement of high strength in the high-thermal-
conductivity Mgo7.37Zn; g3 Y75 alloy demonstrates that,
by optimizing the composition, heat treatment condi-
tions, and extrusion conditions of the Mg alloy with
a large negative mixing enthalpy of the added element
pair, we may simultaneously attain high thermal con-
ductivity, high strength, and excellent ductility in Mg
alloys.
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