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Abstract: AM60 magnesium alloys reinforced with titanium particles (Ti)) were prepared by semi-solid stirring assisted ultrasonic

vibration at different stirring speeds. The microstructure results show that the grain size increases after adding Ti particles. The Al,Mn,

phase is precipitated at the interface of Ti particles, and the interface structure between Ti particles and Mg matrix is a coherent
interface. The tensile test results show that the strength of Ti,/AM60 composites is higher than that of the AM60 matrix. With
increasing the stirring speed from 300 r/min to 900 r/min, the UTS and elongation both increase first and then decrease. The UTS and

elongation of Ti/AM60 composites reach the maximum of 183 MPa and 14.3%, respectively, when the stirring speed is 600 r/min.

The UTS is increased by 15% and elongation is increased by 51% compared with those of the AM60 matrix alloy.
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With the increasingly severe energy and environmental
issues, the significance of lightweight becomes even more
critical in the manufacturing sector. Magnesium is one of the
most abundant light metal elements on the earth. The crustal
abundance of magnesium is about 2%. Its content in industrial
metals is second only to aluminum and iron. Magnesium alloy
has the advantages of excellent specific strength, specific
stiffness, damping and vibration reduction, dimensional
stability, thermal conductivity, cutting processa-bility, and
easy recycling. Therefore, it has good application prospects in
electronics, automobiles, and aerospace'™?.

When magnesium and its alloys are used as structural
materials, the strength, rigidity, and wear resistance need to be
further improved. The preparation of magnesium matrix
composites (MMCs) by adding appropriate reinforcement
phases to magnesium and its alloys can improve the perfor-
mance to a certain extent. Compared with the matrix, the
strength, modulus, damping performance, wear-resistance,
and high temperature creep properties of MMCs have been
improved to varying degrees. MMCs are another competitive
light metal matrix composites after aluminum matrix
composites (AMCs) P7. Compared with fiber-reinforced
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MMCs and whisker-reinforced MMCs, particle-reinforced
MMCs have a relatively simple preparation process, low
production cost, good performance, and isotropy, making
them the most widely used type of MMCs™. The preparation
technologies of particle reinforced MMCs mainly include
powder B disintegrated melt  deposition

tecnique!™ ", stir casting!*'", squeeze casting!” '™ and friction
[19,20]

metallurgy
stir processing "~". Compared to other methods, the stir
casting method has the characteristics of easy operation, low
cost, easy to achieve the near-net shape, which is the most

suitable method for industrial production®.

But the main
difficulties of this method are equally prominent. One of the
biggest problems is how to obtain evenly distributed reinforce-
ment particles. The wettability between matrix and reinforce-
ment can be promoted by stirring. The stirring speed, stirring
time, stirring temperature, the position of the stirring blade in
the molten metal, and the volume fraction of the reinforce-
ment all affect the distribution of the reinforcement. Stirring
speed is one of the most significant process parameters.

The main factors to be considered in the selection of
reinforcement phase for MMCs are as follows™ >, (1) The
reinforcement phase should have a high specific strength, high
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hardness, high elastic modulus, and high melting point.
(2) The reinforcement phase needs to have a good thermal and
chemical stability. (3) The compatibility between the reinfor-
cement phase and the matrix is well, and it can form a good
interface structure. The main particle reinforcement phases
used in MMCs are ceramic particles, due to the high strength
and modulus, good wear resistance as well as the high-
temperature resistance, such as SiC, Al,O,, TiC, B,C, and TiB,
particles™>*.

Ceramic particles, as effective reinforcement phases used in
MMCs, can improve the tribological properties, stiffness,
hardness, and damping properties of MMCs. But the
corresponding ductility will be sacrificed®”. Compared with
ceramic particles, the metal reinforcement phase and the
molten matrix alloy have better wettability, excellent ductility,
and higher mechanical compatibility™. By compositing
magnesium and heterogeneous metals with high plasticity,
high strength and high elastic modulus, metal strengthening
particle may be achieved. It can realize the simultaneous
improvement of strength and plasticity and opens a new way
to improve the performance of magnesium alloys” >, The
mechanical deformation of Ti particles is several times higher
than that of commonly used ceramic particles, so the Ti
particles serve as a reinforcing phase that can help to improve
the plasticity of the composites. Any intermetallic compounds
will not form between titanium and magnesium, and they are
both typical hexagonal crystal structure (hcp), which can
alleviate the compatibility problem between reinforcement
and matrix™”,

In the present work, the effect of stirring speed on Ti/
AMG60 composites prepared by semi-solid stirring assisted
ultrasonic vibration was investigated. The phase composition,
distribution of Ti particles, element distribution at the
interface of Ti particles, tensile properties, and strengthening
mechanism of AM60 magnesium alloy reinforced by Ti
particles were studied.

1 Experiment

1.1 Materials and processing

A commercial ingot of AM60 magnesium alloy was used as
matrix with a chemical composition of 5.97wt% Al and
0.32wt% Mn. The irregular Ti particles with the particulate
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size of 5~10 um were used as reinforcements as shown
in Fig.1.

Schematic diagram of the temperature-time sequences and
experimental device for Ti,/AM60 composites by semi-solid
stirring assisted ultrasonic vibration are shown in Fig.2. First,
under the protection of CO, and SF, atmosphere, about 1 kg of
clean AM60 magnesium alloy was put into a crucible and
melted in a resistance furnace at 720 °C, and then cooled to
the stirring temperature of 610 °C, at which the AM60 matrix
was in semi-solid state. Ti particles with a mass fraction of 2%
were added into the semi-solid AM60 magnesium alloy. The
stirring speeds were 300, 600 and 900 r/min, and the stirring
time was 5 min. After stirring, the melt was increased to
650 °C and then ultrasonically processed for 10 min. The
ultrasonic power remained at 500 W, and frequency was
maintained at 20 kHz. After the ultrasonic treating, the melt
was increased to 700 °C followed by the water cooling. In the
end, Ti,/AM60 composites were obtained. For comparison,
the AM60 magnesium alloy without Ti particles was prepared
with stirring speed of 300 r/min, and other preparation
processes were the same.
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Fig.1 XRD pattern and SEM morphology of Ti particles
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Fig.2 Schematic diagram of the temperature-time sequences (a) and experimental device (b) for Ti,/AM60 composites by ultrasonic vibration

assisted semi-solid stirring
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1.2 Microstructure characterization

Small specimens (3 mmx5 mmx7 mm) cut from cast Ti,/
AMO60 composites were hand-polished with 200#, 400#, 600#,
800# and 1000# SiC paper and then cleaned with ethyl
alcohol. The phase composition of the specimens was
measured by X-ray diffraction (XRD, Rigaku D/MAX-
2500PC). Specimens for optical microscope (OM) and
scanning electron microscope (SEM, JEOL JSM-7800F)
observation were etched in 4% solution of HNO, in C,H,OH
after being polished. OM was used to study the grain size of
AMO60 magnesium alloy and Ti,/AM60 composites. SEM and
EDS were used to study the distribution of Ti particles and
elements at the interface of Ti particles. The interface structure
between Ti particle and AM60 magnesium matrix was
observed by transmission electron microscopy (TEM, FEI
Talos F200x).

1.3 Tensile test

For assessing the tensile properties, the bone-shaped
specimens with a gauge length of 15 mm and cross-section of
3 mmx6 mm were machined from the as-cast Ti/AM60
composites. A tensile test was performed at a tensile speed of
1 mm/min on a universal testing machine (GMTS5105) at
ambient temperature. The tests were repeated three times for
each sample.

2 Results and Discussion

2.1 Phase compositions and microstructures

Fig. 3 shows the XRD patterns of prepared AM60 matrix
alloy and the calculated section of the Mg-0.32Mn-xAl (Wt%)
phase diagram. The peaks of the AM60 matrix alloy are
shown in Fig.3a. It shows that the AM60 magnesium alloy is
mainly composed of a-Mg and Mg .Al, phases. The peak of
the Mg ,Al, phase is slightly weaker in AM60 magnesium
alloys with 6wt% Al. In addition, due to the presence of the
Mn element, there will be the formation of Al-Mn-type
intermetallic compound, and a weak peak of AlMn; is
detected. The calculated section of the Mg-0.32Mn-xAl (wt%)
phase diagram is shown in Fig. 3b. Under equilibrium
solidification conditions, with decreasing the temperature, the
Al Mn;, phase is crystallized in liquid AM60 magnesium alloy
first, and then the a-Mg phase is crystallized until the liquid
phase is wholly solidified into a-Mg and Al,Mn; phases when
x is equal to 6. Al ,Mn, phase and Al,Mn phase are

precipitated gradually with the continuous decrease in
temperature, and finally the microstructures at room tempe-
rature consist of a-Mg, Mg, Al ,, and Al,Mn phase. However,
the actual solidification process is non-equilibrium solidifi-
cation with a fast solidification rate. The Al,,Mn, phase and
Al,Mn phase cannot be precipitated in time, and only a-Mg,
Mg, ,Al,,, and AlMn, phases are detected in the actual AM60
matrix alloy as shown in Fig.3a.

Fig. 4 shows the XRD patterns of Ti,/AM60 composites
prepared at different stirring speeds. Besides a -Mg and
Mg,,Al,, components, the peak of Ti is detected at all three
stirring speeds, which indicates that Ti particles are
successfully added into the AM60 matrix alloy. The peak of Ti
is relatively weak because the designed mass fraction of Ti
particles is only 2wt%. The peak of the Al,Mn, phase is diffi-
cult to detect. The alloying elements Ti and Al have an
excellent chemical affinity with each other, and they are prone
to form harmful compounds Ti-Al-type phase under high
temperature and long-term contact, such as Ti, A",
However, there is no peak of the Ti-Al-type phase in the XRD
pattern after the addition of Ti particle, which may be due to
insufficient exposure time during stir casting.
with good segregation ability and
nucleation points two essential

Solutes effective

are factors for grain
refinement. The solute segregation leads to the formation of a
compositional supercooling region at the front of the liquid-
solid interface, which hinders the growth of dendrites and
provides the nucleation driving force of nucleation points in
the compositional supercooling region. In addition, the
nucleation ability of nucleation points determines the number
of effective crystal nuclei in the compositional supercooling
region before solidification.

Previous studies®*’” have demonstrated that the solute
aggregation at the liquid-solid interface caused by the Al
element and Mn element will affect the degree of subcooling
of the alloy. After adding a certain amount of Mn element to
the Mg-3Zn-0.2Ca (wt% ) alloy, the grain size of the alloy
decreases™. The grain size of Mg-3%Al without Mn element
is about 420 pum, and it decreases to about 170 pum after
adding 0.2% MnP*, After adding the Al element to Mg-6Zn-
4Sn-1Mn alloy, the dendrites are gradually refined when the
Al content increases”™. An optical micrograph of Ti,/AM60

composites prepared at different stirring speeds is shown in
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Fig.3 XRD patterns of AM60 matrix alloy (a) and calculated section of the Mg-0.32Mn-xAl phase diagram (b)
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Fig.4 XRD patterns of Ti,/AM60 composites with different stirring

speeds

Fig.5. As can be seen, the grain size increases after adding Ti
particles due to the decrease of Al and Mn content in the
magnesium matrix. Under the same preparation conditions,
the average grain size increases from 217 pm of pure AM60
magnesium alloy to 557 pm after adding Ti particles. And
under the same Ti content, the change of average grain size is
insignificant with the increase in stirring speed. It means that
the change in grain size is mainly attributed to Ti particles.

Fig. 6 shows the SEM images of AM60 matrix alloy and
Ti,/AM60 composites prepared at different stirring speeds.
The bright white phase is Ti particle. A certain amount of
agglomeration still exists at the micro-scale. However, there is
a particular gap between the Ti particles and they are not
entirely agglomerated together, and large-scale agglomeration
is not found on the macro-scale. The fine phase at the
interface of the Ti particles is not the agglomerated Ti
particles but the precipitated Al-Mn-type phase (Fig.7). There
are many rod-like ALMn, phases in AM60 matrix alloy as
shown in Fig.6a. Compared with AM60 matrix alloy, the rod-

like AMn; phase in Ti/AM60 composites is reduced or
disappears after adding Ti particles.

Moreover, Fig.6b~6d reveal the distribution of Ti particles
and the presence of pores near the Ti particles. The
distribution of Ti particles can be affected by stirring speed. At
higher stirring speeds, relatively large Ti particles are stirred
into the matrix and fewer Ti particles are settled. Meanwhile,
porosity increases with the increase in stirring speed. The
microstructure shows that these pores mainly exist near Ti
particles. The porosity in castings is principally caused by
solidification shrinkage and dissolved gas in the melt®. These
pores observed in the Ti,/AM60 composites are attributed to
the hindered liquid metal flow caused by particle clustering,
the pore nucleation at the Ti particles sites, the gas adsorbed
on the surface of the Ti particles, the gas inhaled during
stirring and the oxide film on the surface of the metal melt.
More pores are observed in the microstructure at higher
stirring speed, because vigorous stirring induces oxide
inclusions, contaminants and gases into the melt.

Fig. 7a shows the SEM image of the interface between Ti
particles and the Mg matrix. There are fine phases (2~3 um) at
the interface. The EDS analysis results show that the observed
fine phase consists of aluminum and manganese (Fig. 7b~7f).
The elemental mapping shows that the observed fine phase is
close to the AL, Mn, phase, which is compatible with the
calculated results of the phase diagram in Fig.3b. This result
proves that Ti particles may act as a heterogeneous nucleation
substrate for the Al Mn, phase. Furthermore, Fig. 7f indicates
that a small amount of C element exists in the Ti particle,
which may be due to the involved protective atmosphere CO,
during the stirring process of preparation.

The interface characteristics between the magnesium matrix
and the reinforcement will significantly affect the final
mechanical properties of composites. In order to observe the

Fig.5 OM microstructures of AM60 matrix alloy and Ti,/AM60 composites with different stirring speeds: (a) AM60, 300 r/min; (b) Ti,/AM60,

300 r/min; (c) Ti,/AM60, 600 r/min; (d) Ti,/AM60, 900 r/min
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Fig.6. SEM images of AM60 matrix alloy and Ti,/AM60 composites with different stirring speeds: (a) AM60, 300 r/min; (b) Ti,/AM60,

300 r/min; (c) Ti,/AM60, 600 r/min; (d) Ti,/AM60, 900 r/min

Fig.7 SEM image (a) and EDS mappings of interfacial elements (b~f) of Ti particle

interface structure between Ti particle and AM60 magnesium
matrix more clearly, TEM images of Ti,/AM60 composite are
shown in Fig.8. Fig.8a shows some fine phases with size of
200~400 nm near the Ti particle. One fine phase is completely
non-contact with the Ti particle, and the other is partially in
contact with the Ti particle. Fig. 8b~8¢ show corresponding
EDS mappings of the white block region in Fig.8a. It can be
seen from Fig.8b and 8c that the gray area in the upper left
corner is Ti particle, and the black area in the lower right
corner is magnesium matrix. Fig. 8d and 8e show that the
bright white particles in the lower right corner mainly contain
the Al and Mn elements. Furthermore, the edge of the Ti
particle contains both Al and Mn elements, which indicates

that Al atoms and Mn atoms are diffused from the Mg matrix
to the edge of Ti particles during the preparation process. This
diffusion leads to the decrease in the Al and Mn content in the
Mg matrix, thus affecting the effect of Al and Mn elements on
grain refinement, which is consistent with the results in Fig.5.
Fig.8f and 8g are the high-resolution transmission electron
microscopy (HRTEM) images of the region A and B in Fig.8a
and the corresponding FFT patterns. The fine C and D phases
are identified as Al Mn, phases, indicating that the AlMnj
phase not entirely precipitates near the Ti particles due to the
Ti particles serving as the nucleation point of Al,Mn,. Another
reason is that the thermal conductivity of Ti particles and the
Mg matrix is quite different. The thermal conductivity of Mg
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Fig.8 High-angle annular dark field (HAADF) image (a) and corresponding EDS mappings of white black region in Fig.8a (b~e) for Ti/AM60

composites; HRTEM images and corresponding FFT patterns of region A (AlMn,/Mg interface) (f) and region B (Ti/Al,Mn; interface) (g)

marked in Fig.8a

is about ten times larger than that of Ti. During the
solidification of AM60 magnesium alloy, Al,Mn, precipitates
at about 660 °C (Fig.3b). The temperature of the Mg matrix
decreases rapidly, but near the Ti particles the temperature is
relatively high, so the Al,Mn; phase tends to precipitate near
the Ti particles.

Previous research®™ has shown that AlMn, particles can
serve as nucleation sites for primary magnesium grains in Mg-
Al alloys. The Al,Mn, phases precipitated at and near the
interface of Ti particles are shown in Fig.7 and Fig.8, which
reduce the uniformly distributed nucleation sites for primary
magnesium grains in AM60 alloys, thus affecting the effect of
Al Mn, phase on grain refinement. Therefore, the grain size of
the AM60 alloy matrix increases after adding Ti particles due
to the decrease in Al content, Mn content, and the Al,Mn;
phase in the magnesium matrix.

Consistent with Fig. 4, the peak of AlMn, cannot be
detected by X-ray due to the reduced content in the
magnesium matrix.

Fig. 9 shows the line scanning area analysis of the Ti
particle interface. The scanning direction is marked with a
black arrow. Fig. 9c shows the HRTEM image of the line
scanning area in Fig.9a. The scanning line traverses four parts,
marked as region 1, 2, 3 and 4 from Mg matrix to Ti particle.
Fig.9d shows an enlarged view of the white block in Fig.9c.
First, region 1 is the magnesium matrix. Then, the main
elements in region 2 consist of Ti, Al, and Mn, which shows
that the Al and Mn elements are diffused from the Mg matrix

to Ti particles. The ratio of Ti to Al in the middle of region 2 is
about 3: 1, and the edge of region 2 mainly contains the Al
element. According to the HRTEM analysis of region 2 of
Fig.9d, region 2 is the AlTi, phase. A small amount of Mg in
region 2 may be introduced during sample preparation. Next,
the main elements in region 3 consist of Al, Mn, and Ti. The
ratio of Mn to Ti in the middle of region 3 is about 1:1, and
the edge of region 3 near region 2 mainly contains the Al
element. It shows that much Al element is diffused into the
boundary of region 2 and 3. The HRTEM analysis of region 3
of Fig. 9d proves that region 3 is the MnTi phase. Finally,
region 4 is Ti particle.

There are three types of phase boundary structures:
coherent interface, semi-coherent interface, and incoherent
interface. The coherent interface has the lowest energy and the
strongest interface bonding. Fig. 10 shows the interface
structure between the Ti particle and the Al Mn;phase, and the
interface structure between the Ti particle (AlTi,layer) and the
magnesium matrix. It can be seen from Fig. 10a~10c that the
coherent interface forms between the Ti particle and Al Mn,,
which provides a theoretical basis that Ti particles can serve
as a heterogeneous nucleation substrate for the Al,Mn, phase.
Due to the diffusion of Al and Mn atoms from the Mg matrix
to the Ti particles, a MnTi layer and an AlTi, layer are formed
at the edge of the Ti particles. Fig. 10d~10f show that a
coherent interface form between the Ti particle (AlTi,layer)
and Mg matrix, which is a strong interfacial bonding. During
the deformation process, the strong interfacial bonding
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Fig.9 HAADF image (a) and EDS line scanning results along marked line (b); HRTEM images of line scanning region in Fig.9a (¢) and

MnTi/AlTi, interface (d)

facilitate the efficient transfer of loads from the Mg matrix to
the Ti particles, contributing to tensile properties.
2.2 Mechanical properties

The uniaxial tensile test results of the as-cast Ti,/AM60
composites are shown in Fig.11. The YS decreases compared
with that of AM60 matrix alloy since the magnesium matrix
grain is coarsened after adding Ti particles. At the same time,
the UTS and elongation both increase after adding Ti particles
to the AM60 matrix alloy compared to the values of the AM60
matrix alloy.

Under the same preparation conditions, UTS increases from
159 MPa of pure AM60 magnesium alloy to 172 MPa, and
elongation is also improved from 9.5% to 12% after adding Ti
particles. The flow mode of the molten metal after adding the
Ti particles is directly affected by the Ti particles and the
stirring speed. With the same Ti content, the UTS and
elongation both increase first and then decrease with the
increase in the stirring speed. The stirring speed of 300 r/min
is not enough to disperse Ti particles, which makes the
agglomeration of part Ti particles relatively more severe, thus
affecting the effect of Ti particles on mechanical property.
Therefore, the improvement in UTS is not significant under
lower stirring speed. When the stirring speed is improved to
600 r/min, UTS increases from 172 MPa to 183 MPa, and

elongation is improved from 12% to 14.3%. It means that the
distribution of Ti particles can be improved by increasing the
stirring speed, thus reducing the negative impact of particle
agglomeration on mechanical property. However, when the
stirring speed reaches to 900 r/min, the vortex is prone to form
due to vigorous stirring. It will increase the porosity content
and oxidized inclusions in Ti,/AM60 composites during
smelting and reduce the mechanical properties.

In this study, the enhancement effect of Ti particles is partly
offset by grain coarsening. So the strengthening mechanism of
AM60 magnesium alloy reinforced by Ti particles is as
(791 (i) dislocation strengthening; (ii) second phase
strengthening; (iii) load-bearing effects. After introducing the

follows

reinforcing phase Ti particles, the mismatch of elastic
modulus and the thermal expansion coefficient between
AM60 matrix and Ti particles lead to the increase in
dislocation density in Ti/AM60 composites. The thermal
expansion coefficient of AM60 magnesium alloy is generally

B which will cause residual

larger than that of Ti particles
stress in the composites. Therefore, during the preparation
process, plastic deformation may occur in AM60 magnesium
alloy, resulting in the formation of high-density dislocations to
produce a strengthening effect. The Ti particles are dispersed

in the matrix and can be regarded as the second phase when



Pu Dongmei et al. / Rare Metal Materials and Engineering, 2022, 51(12):4436-4445

4443

Fig.10 HAADF images of the interface of Ti particle and corresponding HRTEM images: (a~c) Ti/AlMn, and (d~f) Ti/Mg
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the size of some introduced Ti particles is less than 1 um. Ti
particles hinder the slippage of the dislocations in the matrix
and generate the accumulation of dislocations, thereby
improving the strength of the matrix. When materials are
subjected to vertical load, Ti particles, as the reinforcing
phase, share part of the load of the matrix.

The toughening mechanism of Ti,/AM60 composites is the
deformability of Ti particles. Ti particles have excellent
ductility, higher compatibility, and better
wettability with molten matrix alloy compared with ceramic
particles. In previous studies™*’, the strength of MMC
particles
processing and powder metallurgy is improved, but the
ductility is relatively reduced after adding Ti particles. In this
work, the elongation is improved after adding Ti particles. The

mechanical

reinforced with Ti prepared by friction stir

reasons are as follows. The excellent wettability between the
Mg matrix and the Ti particles in the composites prepared by
the stir casting method can be achieved. The excellent
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interface structure finally forms between the Ti particles and
Mg matrix. A strong interfacial bonding delays the debonding
of the Ti particles and Mg matrix during the deformation
process, which is contributed to plasticity improvement.

3 Conclusions

1) In Ti/AM60 composites, Al and Mn elements have an
effect of grain refinement. Therefore, the reduction of Al and
Mn element content in the Mg matrix results in grain size
increase after adding Ti particles.

2) A strong interfacial bonding of coherent interface can be
formed between Ti particles (AlTi, layer) and the Mg matrix.
The strong interfacial bonding facilitates the efficient transfer
of loads from the Mg matrix to the Ti particles during the
deformation process.

3) The UTS and elongation increase after adding Ti
particles to AM60 magnesium alloy compared to those of
AMG60 matrix alloy. The strengthening mechanism of AM60
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magnesium alloy reinforced by Ti particles mainly includes
dislocation strengthening, second phase strengthening, and
load-bearing effects.

4) With increasing the stirring speed, the UTS and
elongation both increase first and then decrease. When the
stirring speed is 600 r/min, the maximum UTS and elongation
reach 183 MPa and 14.3%, respectively.
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Ti,/AM60 8 &+ KRR S H 5

‘£ HE

AN, BRART, HRE, XFLE, & R, R4
(1. ERRZE MREBES TR, BEK 400045)
Q. BMFEA4ETREEAM R L, EK 400045)

7 OE: R RSN B WS TR AR A R S R & BRI 5 AMO0 BRIE B S Akl . SRS AR, N T TKE
Je, BRLRSTIR, TR FEHALKT H ALMn A, Ti 0k Mg SR I S 450 0 45 & R A LA S . hrmilIe i RE W, Ti/AM60
FAPRH TR 5 T AM60 854 454 . A BEREE B2 A 300 r/min 3012 900 r/min, Fof 58 B MUK Z 56 1 KR /N . 4k
TIE N 600 t/min i, Ti/AM60 & G AR HURL 5 BRI 350 3lliE 3 i K1 183 MPa 1 14.3%. 5 AM60 ZEA G &AL, EEMEHYHL
PR S T 15%, AP E T 51%.
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