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Abstract: The effect of extrusion ratio on microstructure and mechanical properties of as-extruded Mg—6Sn—2Zn—1Ca (TZX621)
(mass fraction, %) alloy was investigated. It is found that incomplete dynamic recrystallization (DRX) took place in as-extruded
TZX621 alloy. As the extrusion ratio was increased from 6 to 16, both fraction of un-DRXed grains and average size of DRXed
grains in as-extruded TZX621 alloy decreased and the basal texture was weakened. Coarse CaMgSn phase was broken into particles
and fine Mg,Sn phase precipitated from a-Mg matrix during hot extrusion. Yield strength, ultimate tensile strength and elongation of
as-extruded TZX621 alloy with extrusion ratio of 16 reached 226.9 MPa, 295.6 MPa and 18.1%, which were improved by 36.0%,
17.7% and 13.5%, respectively, compared to those of as-extruded TZX621 alloy with extrusion ratio of 6.
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1 Introduction

As the lightest structural metallic material, Mg
alloys show wide application prospects in the areas of
aerospace, automobile and 3C industries due to their
potential for weight reduction. However, the relatively
poor heat resistance is a main obstacle to the practical
application of Mg alloys [1-3]. RE elements are the most
effective elements to improve the heat resistance of Mg
alloys, but the fancy price of RE elements restricts the
large-scale application of Mg-RE alloys [4,5]. In recent
years, the development of low-cost heat-resistant Mg
alloys has received increasing attention. Due to the high
melting point of Mg,Sn phase (770 °C) and low diffusion
rate of Sn element in a-Mg matrix, the heat resistance of
Mg—Sn alloys is comparable to Mg—RE alloys [6]. In
addition, since Sn element is nontoxic, Al-free Mg—Sn
alloys are also promising biomaterials for body
implants [7]. Up to now, a lot of studies have been done
on Mg—Sn alloys, involving the alloy design,
precipitation behavior, plastic deformation, etc.

In order to improve the mechanical properties of
binary Mg—Sn alloys, attempts have been made via

alloying binary Mg—Sn alloys with different elements.
Zn element is a common alloying element in Mg alloys
and contributes to solid solution and ageing strengthening
simultaneously. In Mg—Sn alloys, the addition of Zn
element can refine the distribution of Mg,Sn precipitates
and enhance the age-hardening response. The
segregation of Zn atoms at the Mg,Sn/Mg interface
might be responsible for the enhanced nucleation of
Mg,Sn precipitates in Mg—Sn—Zn alloys [8]. The
variation of Zn content in Mg—5Sn—xZn (x=1, 2, 4, mass
fraction, %) alloys showed little influence on grain size
and the basal texture of indirect-extruded samples, and
the improvement of comprehensive mechanical
properties with the increase of Zn content was attributed
to the increased number density of fine Mg,Sn and
MgZn precipitates [9]. Ca element can refine the as-cast
microstructure and improve the heat resistance of Mg
alloys. In Mg—Sn alloys, the addition of Ca element can
lead to the formation of different Ca-contained phases
depending on Ca content. The good heat resistance of
Mg—4Sn—4Ca (mass fraction, %) alloy was related to the
presence of CaMgSn and Mg,Ca phases which
distributed uniformly in the matrix [10].

Plastic deformation, especially extrusion, is often
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used to further refine the microstructure and improve the
mechanical properties of Mg—Sn alloys. For example, a
Mg—7Sn—1Al-1Zn (mass fraction, %) alloy with high-
speed extrudability was developed and the maximum
tested speed reached 27 m/min. After extrusion, a
completely recrystallized structure consisting of coarse
and fine recrystallized grains was obtained [11]. The
strength and ductility of Mg—2Sn—1Ca (mass fraction, %)
and Mg—2Sn—1Ca—2Zn (mass fraction, %) alloys were
improved significantly after hot extrusion [12].

Up to now, the effect of extrusion parameters on the
microstructure and mechanical properties of Mg—Sn
alloys was rarely investigated. In this work, a new
Mg—6Sn—2Zn—1Ca (TZX621, mass fraction, %) alloy
was prepared by permanent mold casting and subjected
to homogenization. Then, the ingots were hot extruded
with extrusion ratio of 6 and 16, respectively. The effect
of extrusion ratio on microstructure and mechanical
properties of TZX621 alloy was investigated.

2 Experimental

Commercially pure Mg, Sn, Zn (99.9%, mass
fraction) and Mg—30Ca (mass fraction, %) master alloy
were used to prepare TZX621 alloy in this work. The
raw materials were melted in a resistance crucible
furnace under the protection of mixed atmosphere of SF¢
(1%, volume fraction) and CO, (99%, volume fraction).
After the melting of pure Mg, pure Sn, pure Zn and
Mg—Ca master alloy were added into the melt at 730 °C
and the melt was stirred for 3 min to assure the
homogeneous chemical distribution. The melt was held
at 730 °C for 10 min before casting and then poured into
a permanent mold preheated to 200 °C to prepare cast
ingots with dimension of d45 mm x 100 mm. The cast
ingots were homogenized with (340 °C, 4 h) + (480 °C,
8 h). A two-stage solution was designed to avoid the
possible grain boundary dissolution behavior caused by
small amount of Mg—Zn phase with low melting point.
The ingots after homogenization treatment were
machined into d40 mm X 30 mm for extrusion. The hot
extrusion was carried out at 300 °C with extrusion ratio
of 6 and 16, respectively, and the extrusion speed of
2 mm/s.

Microstructure specimens of as-cast, homogenized
and as-extruded alloys were prepared with standard
metallographic procedures, i.e. mechanically ground,
polished, and then etched with a mixture of 4.2 g picric
acid, 10 mL acetic acid, 80 mL ethyl alcohol and 10 mL
water. Phase composition of TZX621 alloy was
characterized by XRD (XPERT POWDER).
Microstructure characterization was carried out with OM
(ZEISS Primotech) and SEM (ZEISS Sigma 500)
equipped with EDS. Texture -characterization was

conducted by EBSD. The specimens for EBSD analysis
were initially ground using emery papers from 1200 to
3000%, followed by the pre-polishing using ALO;
suspension (1 and 0.25 mm), and the final polishing
using suspension OP-S (0.04 mm-sized SiO, particles).
Rectangular tensile specimens with gauge length of
15 mm were cut from the extruded bars parallel to the
extrusion direction. Tensile test was carried out on an
electronic universal testing machine (CMT—5205) with a
cross-head speed of 1 mm/min at ambient temperature.

3 Results and discussion

Figure 1 shows XRD patterns of TZX621 alloy in
as-cast, homogenized and as-extruded states. As shown
in Fig. 1(a), as-cast TZX621 alloy consisted of a-Mg,
Mg,Sn and CaMgSn phases. However, in XRD pattern
of TZX621 alloy after homogenization, only the
diffraction peaks of a-Mg and CaMgSn phases were
observed and the diffraction peaks of Mg,Sn phase
almost disappeared. These results indicated that, during
the homogenization treatment, Mg,Sn phase dissolved
into o-Mg matrix while CaMgSn phase with high
melting point remained in TZX621 alloy. Figure 1(b)
shows XRD patterns of as-extruded TZX621 alloy with
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Fig. 1 XRD patterns of TZX621 alloy: (a) As-cast and
homogenized; (b) Extrusion ratio of 6 (Ex6) and 16 (Ex16)
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extrusion ratio of 6 and 16, respectively. Besides the
diffraction peaks of a-Mg and CaMgSn phases, several
diffraction peaks of Mg,Sn phase were found in XRD
patterns of as-extruded TZX621 alloy, which indicated
that Mg,Sn phase reformed in TZX621 alloy during hot
extrusion.

Figure 2 shows microstructures of TZX621 alloy in
as-cast and homogenized states. As shown in Fig. 2(a),
coarse a-Mg dendrites and second phases were observed
in optical microstructure of as-cast TZX621 alloy. The
second phases in as-cast TZX621 alloy presented three
different morphologies (seen in Fig. 2(b)). According to
EDS results, both the coarse irregularly-shaped phase
and the dense fine phase were Mg,Sn phase, while the
coarse needle-like phase was CaMgSn phase. During the
solidification of TZX621 alloy, a-Mg dendrites nucleated
and grew first. Then, the coarse Mg,Sn and CaMgSn
phases formed at the end of solidification. The
morphology of the dense fine Mg,Sn phase was in line
with the morphology features of secondary-precipitated
phase [13], which indicates that it was precipitated from
supersaturated a-Mg solid solution of TZX621 alloy after
solidification. Due to the solute redistribution during
solidification, the distribution of Sn element in as-cast
0-Mg grains was uneven and Sn atoms aggregated near
the grain boundaries. According to Mg—Sn binary phase
diagram, the solid solubility of Sn in Mg was 14.85%
(mass fraction) at 561 °C and it decreased to only 0.45%
(mass fraction) at 200 °C. During the cooling stage after
solidification, the solubility of Sn element in Mg reduced
greatly, which promoted the precipitation of fine Mg,Sn

phase. Figure 2(c) shows the optical microstructure of
TZX621 alloy after homogenization. It is found that,
a-Mg grains in TZX621 alloy transferred from dendritic
to near-equiaxed. Second phases were still observed
inside a-Mg grains and at the grain boundaries. As
shown in Fig. 2(d), compared to as-cast TZX621 alloy,
the volume fraction of second phases in homogenized
TZX621 alloy decreased significantly. Both coarse and
fine Mg,Sn phase disappeared. Coarse needle-like
CaMgSn phase remained in homogenized TZX621 alloy,
which was in accordance with XRD analysis above.
Figure 3 shows optical microstructures of
as-extruded TZX621 alloy with different extrusion ratios.
It was found that, dynamic recrystallization (DRX) took
place in as-extruded TZX621 alloy during hot extrusion,
but DRX process was incomplete. As shown in Fig. 3(a),
the as-extruded TZX621 alloy with extrusion ratio of 6
exhibited typical multi-modal microstructure with coarse
un-DRXed a-Mg grains elongated along the extrusion
direction. According to quantitative metallurgical
analysis, un-DRXed region in as-extruded TZX621 alloy
with extrusion ratio of 6 was about 31.3%. As shown in
Fig. 3(b), the as-extruded TZX621 alloy with extrusion
ratio of 16 also presented multi-modal microstructure.
Although the extrusion ratio as high as 16 did not lead to
the complete DRX process in TZX621 alloy, the change
of extrusion ratio showed obvious effect on the fraction
of un-DRXed grains. As the extrusion ratio increased
from 6 to 16, the fraction of un-DRXed grains decreased
from 31.3% to 13.2%. Recrystallization of a certain alloy
during hot extrusion was usually influenced by extrusion

Fig. 2 Microstructures of as-cast (a, b) and homogenized (c, d) TZX621 alloy: (a, ¢) Optical microstructure; (b, d) SEM image
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parameters. In this work, the extrusion temperature was
constant (300 °C). Hence, the difference in fraction of
un-DRXed grains was mainly due to the change of
extrusion ratio. During hot extrusion at the same
extrusion speed, a high extrusion ratio could lead to a
large total strain, high strain rate, high deformation stress
and low recrystallization temperature, which was
beneficial to recrystallization [14].

Figure 4 shows microstructures of as-extruded
TZX621 alloy with different extrusion ratios observed by
SEM. As shown in Figs. 4(a, c), coarse CaMgSn phase
remained in homogenized TZX621 alloy was broken into
particles and distributed along the extrusion direction.
Most of CaMgSn phase was broken into particles with
size of about 1 um, but some coarse particles with size of
several micrometers were also observed in as-extruded
TZX621 alloy. XRD results of as-extruded TZX621 alloy
above proved that, Mg,Sn phase precipitated during hot

2193

extrusion. As shown in Figs. 4(b, d), fine Mg,Sn particles
were observed in as-extruded TZX621 alloy which
precipitated from o-Mg matrix due to the thermo-
mechanical effect of hot extrusion. The precipitation of
fine Mg,Sn phase during hot extrusion was also observed
in the hot-extruded Mg—5Sn—3Zn alloys with Ca
addition [15]. Particle stimulated nucleation (PSN)
mechanism usually played an important role in
recrystallization. Only second particles with size >1 pm
could promote the dislocation accumulation and lead to
the nucleation of new grains [16]. In as-extruded
TZX621 alloy, most of the broken CaMgSn particles in
as-extruded TZX621 alloy could act as the substrates and
therefore promoted the recrystallization. Meanwhile,
although the fine Mg,Sn particles could not act as
recrystallization substrates, they had a strong pinning
effect to hinder the dislocation movement [17]. Therefore,
the precipitation of Mg,Sn phase also contributed to the

Fig. 3 Optical microstructures of as-extruded TZX621 alloy with different extrusion ratios parallel to extrusion direction:

(a) Extrusion ratio of 6; (b) Extrusion ratio of 16

Fig. 4 Microstructures of as-extruded TZX621 alloy with different extrusion ratios parallel to extrusion direction observed by SEM:
(a, b) Extrusion ratio of 6; (¢, d) Extrusion ratio of 16

[
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grain refinement of TZX621 alloy via restricting the
grain growth during hot extrusion.

Figure 5 shows the image mapping results of Mg,
Sn, Zn and Ca elements in as-extruded TZX621 alloy
with extrusion ratio of 16. As shown in Fig. 5, Sn and Ca
elements enriched in certain regions, and the rich regions
coincided with broken particles in as-extruded TZX621
alloy, which also confirmed that the broken particles
were CaMgSn phase. Furthermore, the distribution of Zn
element was relatively uniform, which indicated that Zn
element was solid solution element in TZX621 alloy.
Although EDS could detect Sn element in the matrix, the
enrichment of Sn element due to the formation of fine
Mg,Sn particles was not observed clearly, since the size
of precipitated particles was too small.

Figure 6 shows the orientation maps of as-extruded
TZX621 alloy with different extrusion ratios obtained by
EBSD. The white lines in EBSD orientation maps

represented low-angle grain boundaries (LAGBs) with
the misorientation angle below 15° and the black lines
represented high-angle grain boundaries (HAGBs). As
shown in Fig. 6, HAGBs were usually observed in
DRXed regions, while LAGBs were often observed
inside the un-DRXed grains, which were induced by the
dislocation accumulation during hot extrusion. In
accordance with  optical microstructure, coarse
un-DRXed grains were found in as-extruded TZX621
alloy with extrusion ratio of 6. The microstructure of
as-extruded TZX621 alloy with extrusion ratio of 6
consisted of coarse un-DRXed, coarse DRXed and fine
DRXed grains. In as-extruded TZX621 alloy with
extrusion ratio of 16, the fraction of un-DRXed grains
was reduced significantly. It is interesting that coarse and
fine DRXed grains coexisted in as-extruded TZX621
alloy with extrusion ratio of 6 while the amount of
coarse DRXed grains in as-extruded TZX621 alloy with

Fig. 5 Image mapping results of Mg, Sn, Zn and Ca elements in as-extruded TZX621 alloy with extrusion ratio of 16: (a) SEM image;
(b) Distribution of Mg element; (c) Distribution of Ca element; (d) Distribution of Zn element; (e) Distribution of Sn element
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extrusion ratio of 16 decreased obviously. According to
EBSD statistics result, the average size of DRXed grains
in as-extruded TZX621 alloy decreased from 2.16 to
1.57 mm. The difference in size of DRXed grains was
attributed to the change of extrusion ratio. As mentioned
above, due to the existence of CaMgSn phase, PSN
mechanism played an important role in recrystallization
of as-extruded TZX621 alloy. However, as seen in Fig. 4,
the distribution of broken CaMgSn particles was
inhomogeneous. In as-extruded TZX621 alloy with
extrusion ratio of 6, due to its low extrusion ratio,
complete DRX could only take place in regions where
CaMgSn phase was enriched, and led to the formation of
regions with fine DRXed grains. For the regions where
the amount of CaMgSn phase was low, the activation of
DRX was difficult. In as-extruded TZX621 alloy with
extrusion ratio of 16, although the distribution of broken
CaMgSn particles was also inhomogeneous, extrusion

ratio as high as 16 ensured the high fraction of DRXed
regions and also contributed to the decreased average
size of DRXed grains.

Figure 7 shows the pole figures of as-extruded
TZX621 alloy with different extrusion ratios. As seen in
Fig. 7, as-extruded TZX621 alloy exhibited a type of
basal fiber texture which was typical of Mg alloys, in
which the {0001} plane was preferentially orientated
parallel to the extrusion direction [18]. As the extrusion
ratio was increased from 6 to 16, the basal texture was
weakened and the maximum intensity decreased from
22.34 to 11.58. It was found in extruded Mg—Zn—Ca
alloy that, increase of extrusion ratio from 10 to 20 also
led to a significant decrease of basal texture intensity
[19]. However, in as-extruded Mg—9Gd—4Y—0.4Zr alloy,
a common extrusion texture was found at the low
extrusion ratio of 8 while an unusual extrusion texture
with the basal planes perpendicular to the extrusion

(a) Extrusion ratio of 6; (b) Extrusion ratio of 16
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Fig. 7 Pole figures of as-extruded TZX621 alloy with different extrusion ratios obtained by EBSD: (a) Extrusion ratio of 6;

(b) Extrusion ratio of 16
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direction was observed at the high extrusion ratio of 19.
It was concluded that the high extrusion ratio enabled the
complete DRX and the modification in texture caused by
RE addition was finished [20]. In extruded Mg alloys
without RE, DRXed grains always presented a dispersive
basal texture and coarse un-DRXed grains always
exhibited strong basal texture. Therefore, the intensity of
basal texture was related to un-DRXed grains to a great
extent. In this work, both OM and EBSD analysis
confirmed that, the increase of extrusion ratio from 6 to
16 led to a significant decrease of fraction of un-DRXed
grains. The increase of extrusion ratio promoted DRX
process and weakened the texture intensity
simultaneously.

Figure 8 shows the misorientation angle distribution
of as-extruded TZX621 alloy with different extrusion
ratios. As shown in Figs. 8(a, b), the distribution of
misorientation angles of as-extruded TZX621 alloy was
different from ideal HCP structure, which indicated the
formation of texture during hot extrusion. The difference
in the distribution of misorientation angles between
as-extruded TZX621 alloy with extrusion ratio of 6 and
16 was not obvious. However, the fraction of LAGBs in
as-extruded TZX621 alloy with extrusion ratio of 16 was
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Fig. 8 Misorientation angle distribution of as-extruded TZX621
alloy with different extrusion ratios obtained by EBSD:
(a) Extrusion ratio of 6; (b) Extrusion ratio of 16

lower than that of as-extruded TZX621 alloy with
extrusion ratio of 6. The reduction of fraction of LAGBs
also confirmed a higher proportion of DRXed grains in
as-extruded TZX621 alloy with extrusion ratio of 16.
Figure 9 shows the effect of extrusion ratio on
mechanical properties of as-extruded TZX621 alloy and
the specific data are summarized in Table 1. Yield
strength (YS), ultimate tensile strength (UTS) and
elongation to failure (Ey) of as-extruded TZX621 alloy
with extrusion ratio of 6 were 166.8 MPa, 251.2 MPa
and 15.6%, respectively. When the extrusion ratio was
increased to 16, the mechanical properties of as-extruded
TZX621 alloy were improved simultaneously. YS, UTS
and Er of as-extruded TZX621 alloy with extrusion ratio
of 16 reached 226.9 MPa, 295.6 MPa and 18.1%,
improved by 36.0%, 17.7% and 13.5%, respectively.
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Fig. 9 Effect of extrusion ratio on mechanical properties of
as-extruded TZX621 alloy

Table 1 Mechanical properties of as-extruded TZX621 alloy

with different extrusion ratios

Extrusion ratio YS/MPa UTS/MPa Ed%
6 166.8 251.2 15.6
16 226.9 295.6 18.1

As seen in Fig. 9 and Table 1, YS of as-extruded
TZX621 alloy was improved significantly when
extrusion ratio was increased from 6 to 16. YS of
wrought alloys usually comes from the strengthening
effect of grain refinement, texture, solid solution and
second phases [21]. In TZX621 alloy, since the solid
solubility of Ca element in a-Mg matrix was low, Sn and
Zn elements were the main solid solution elements.
Especially, no Zn-contained phase was found in as-cast,
as-homogenized nor as-extruded state. Therefore, most
of Zn element was in a-Mg matrix and contributed to
solid solution strengthening. Zn atoms dissolved in a-Mg
matrix are effective in increasing the critical resolved
shear stress of the basal slip system of Mg at room
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temperature [22]. Sn atoms in as-extruded TZX621 alloy
existed in three forms: (1) solute Sn atoms in a-Mg
matrix, which also contributed to solid solution
strengthening, (2) Sn atoms in CaMgSn phase and 3) in
precipitated Mg,Sn phase. Both broken CaMgSn phase
and fine precipitated Mg,Sn phase could act as barriers
to dislocation motion and grain boundary sliding. The
strengthening effect of Mg,Sn phase precipitated in
o-Mg matrix was more obvious than broken CaMgSn
phase according to Orowan dislocation bypassing
mechanism [23]. In this work, since TZX621 alloy ingot
was subjected to the same homogenization treatment, the
solid solution strengthening effect for as-extruded
TZX621 alloy with different extrusion ratios was almost
the same. Similarly, as seen in Fig. 4, change of
extrusion ratio had little influence on size and
distribution of broken CaMgSn phase and fine
precipitated Mg,Sn phase. Texture is also an important
strengthening mechanism during the deformation of
extruded Mg alloys. The basal slip is the dominant
deformation system during the tensile deformation of
extruded Mg alloy along the extrusion direction. The
strong basal fiber texture formed in extruded Mg alloys
can decrease the Schmid factor for the basal slip system
and lead to an increase of YS [24]. Therefore, if only
texture was taken into consideration, as-extruded
TZX621 alloy with extrusion ratio of 6 should exhibit
higher YS than that with extrusion ratio of 16. However,
YS of as-extruded TZX621 alloy with extrusion ratio of
16 was 36.0% higher than that with extrusion ratio of 6.
This phenomenon indicated that, the strengthening effect
of texture was counteracted by other mechanism. As
shown in Fig. 3 and Fig. 6, the increase of extrusion ratio
from 6 to 16 led to a significant reduction in fraction of
un-DRXed grains, which also led to a significant
reduction in average grain size. According to Hall-Petch
equation, the contribution of grain size to YS of a given
alloy is proportional to d *. For Mg alloys with HCP
structure, the strengthening effect of grain refinement is
more significant than conventional steel and aluminum
alloys. Therefore, the improvement in YS of as-extruded
TZX621 alloy with increasing extrusion ratio was
attributed to the increased DRX fraction and decreased
size of DRXed grains.

The UTS of as-extruded TZX621 alloy was closely
related to its work hardening ability, as well as its YS.
According to the tensile test results, although both YS
and UTS of as-extruded TZX621 alloy with extrusion
ratio of 16 were higher than those of sample with
extrusion ratio of 6, the improvement in UTS was lower
than YS. These results indicated that the increase of
extrusion weakened the work hardening ability of
as-extruded TZX621 alloy. It is well known that grain
refinement is the only way to improve the strength and

elongation of metallic materials simultaneously. In this
work, besides the improvement in YS and UTS, the
further increase of E; was also attributed to the grain
refinement in as-extruded TZX621 alloy with the
increase of extrusion ratio. Moreover, the relatively
homogeneous microstructure in as-extruded TZX621
alloy with extrusion ratio of 16 could sustain larger
deformation degree than that with extrusion ratio of 6.

4 Conclusions

1) As-cast TZX621 alloy consisted of a-Mg, Mg,Sn
and CaMgSn phases. After homogenization treatment,
Mg,Sn phase dissolved into a-Mg matrix while CaMgSn
phase with high melting point remained.

2) Incomplete DRX took place in as-extruded
TZX621 alloy during hot extrusion. As the extrusion
ratio was increased from 6 to 16, the fraction of
un-DRXed grains decreased from 31.3% to 13.2%.
Coarse CaMgSn phase was broken into particles and
distributed along the extrusion direction and the average
size of DRXed grains in as-extruded TZX621 alloy
decreased from 2.16 to 1.67 mm. Fine Mg,Sn particles
precipitated from a-Mg matrix during hot extrusion.
As-extruded TZX621 alloy exhibited a type of basal
fiber texture. As the extrusion ratio was increased from 6
to 16, the basal texture was weakened and the fraction of
LAGBs was also reduced.

3) When the extrusion ratio was increased from 6 to
16, mechanical properties of as-extruded TZX621 alloy
were improved comprehensively. YS, UTS and E; of
as-extruded TZX621 alloy with extrusion ratio of 16
reached 226.9 MPa, 295.6 MPa and 18.1%, which were
improved by 36.0%, 17.7% and 13.5%, respectively,
compared to those of as-extruded TZX621 alloy with
extrusion ratio of 6. A significant reduction in fraction of
un-DRXed grains and corresponding decrease of average
grain size are the main reasons for the improvement in
comprehensive mechanical properties of as-extruded
TZX621 alloy.
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