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Abstract

This study examined the effects of heat treatment on the microstructure and wear properties of Al-Zn—Mg—Cu/in-situ Al—
9Si-SiCp/pure Al composites. Pure Al powder was used to increase densification but it resulted in heterogeneous precipi-
tation as well as differences in hardness among the grains. Heat treatment was conducted to solve this problem. The heat
treatment process consisted of three stages: solution treatment, quenching, and aging treatment. After the solution treatment,
the main dissolved phases were n'(Mg,Zn,), n(MgZn,), and Al,Cu phase. An aging treatment was conducted over the tem-
perature range, 100-240 °C, for various times. The GP zone and n'(Mg,Zn,) phase precipitated at a low aging temperature
of 100-160 °C, whereas the n(MgZn,) phase precipitated at a high aging temperature of 200-240 °C. The hardness of the
sample aged at 100—160 °C was higher than that aged at 200-240 °C. The wear test was conducted under various linear
speeds with a load of 100 N. The aged composite showed a lower wear rate than that of the as-sintered composite under all
conditions. As the linear speed was increased to 1.0 m/s, the predominant wear behavior changed from abrasive to adhesive
wear in all composites.
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1 Introduction precipitation reaction. The following shows the most com-
mon precipitation sequence [1-5]:
Recently, lightweight materials have attracted considerable

attention in the automotive industry because of the ongo- ~ Supersaturated solid solution — Guinier—Preston zone

ing demand to increase fuel efficiency. Therefore, ferrous
materials are being replaced with aluminum alloys. A range
of aluminum alloys are used in many fields according to
the purpose. Among them, Al-Zn—Mg—Cu alloys, have
attracted attention in the automotive industries because of
their high strength to weight ratio and good wear resist-
ance. Al-Zn-Mg—Cu alloy is strengthened by precipitation
strengthening. A solution and aging treatment is an impor-
tant process for improving the strength by controlling the
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(GP zone) — metastable phase n'(Mg,Zn,)
— equilibrium phasen(MgZn,).

Al-Zn-Mg—Cu alloys are used in automotive transmis-
sion components, such as pistons, clutches, and sprock-
ets, which require high strength and wear resistance. The
strength and wear resistance of the Al-Zn—Mg—Cu alloys
can be increased by adding ceramic reinforcements, such
as silicon carbide and titanium carbide. Aluminum alloys
that contain ceramic reinforcements are called aluminum
matrix composites (AMCs) [6—8]. The powder metallurgy
(P/M) route for manufacturing AMCs offers some advan-
tages over other manufacturing processes. The P/M requires
a low manufacturing temperature to avoid interfacial reac-
tions and minimize the undesirable reactions between the
matrix and reinforcement [9, 10]. In addition, the near-net
shape qualities of P/M processing make it quite competitive
with other manufacturing processes [11, 12].
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Despite the advantages, it is difficult to distribute reinforce-
ment particles uniformly by powder metallurgy due to the
low wettability between the aluminum and ceramic. Ceramic
reinforcement particles segregate at the grain boundaries [8,
13, 14]. Segregation at the grain boundaries causes deteriora-
tion in the mechanical properties. Several methods to prevent
the segregation of particles at the grain boundaries have been
investigated; the use of the in-situ powder is one of them. In-
situ powder contains the ceramic reinforcements in their grains
that restrict segregation at the grain boundaries. Therefore, the
ceramic reinforcements can avoid segregation after sintering.

Some studies have attempted to fabricate AMCs with in-
situ powder due to the advantage of in-situ powder [15-17].
Among these studies, Lee fabricated Al-Zn—-Mg—Cu matrix
composites containing in-situ Al-9Si—SiCp powder to exam-
ine the effects of the in-situ powder on the wear behavior [15].
This study used Al-9Si alloy and pure Al powder to increase
the sinterability by acting as a binder [17]. On the other hand,
non-homogeneous precipitation that was induced by pure Al
powder deteriorated the hardness and wear resistance. Despite
this, few studies have attempted to solve this problem. The
Al-Zn—Mg—Cu matrix composite could control precipita-
tion by heat treatment. Therefore, in this study, heat treatment
was conducted to control the distribution of precipitation and
increase the hardness and wear resistance in the composite by
changing the heat treatment conditions.

2 Experimental Procedures
2.1 Fabricating the Powders and Composites

A commercially available Al-Zn—-Mg—Cu alloy pow-
der (ECKA 431, ECKA Granules, Germany) and in-situ
Al-9Si-SiCp composite powders were used for the study. The
in-situ Al-9Si-SiCp composite powder was produced using a
gas atomizer with 80% N, and 20% O, gas under a dynamic
pressure of 2 MPa. SiC particles (20 vol%), 10-20 pm in size,
were added to the molten Al-9Si alloy at 900 °C prior to gas
atomization. Table 1 lists the chemical composition of each
powder and Fig. 1 shows a cross-section of each powder. Each
powder was analyzed by energy dispersive X-ray spectroscopy
(EDS), as shown in Table 2. This indicates that the Alumix
431 powder consists of Al-Zn-Mg—Cu powder and pure Al
powder, and a SiC particle was located in the AI-9Si powder
successfully after in-situ processing. Alumix 431 and in-situ
Al-9Si-SiCp powder were mixed (Alumix 431: Al-9Si-SiCp
= 95:5 wt%) using a turbulent mixer at 45 rpm for 24 h. Hot

Fig. 1 Cross-section of a Alumix 431 and b Al-9Si-SiCp composite
powder

press sintering was then conducted with a uniaxial pressure
of 70 MPa at 610 °C for 30 min [15]. The process was carried
out under isothermal heat treatment conditions in a nitrogen
atmosphere [18]. The sintered specimens were cooled in a hot
press chamber.

2.2 HeatTreatments

To examine the effects of heat treatment on the compos-
ites, the composites were heat treated in a horizontal tube
furnace. Heat treatment consisted of three stages: solution
treatment, quenching, and aging treatment. Differential scan-
ning calorimetry (DSC) was used to identify the tempera-
ture range of the solution and aging treatment. The com-
posite was heated to 480 and 510 °C for several hours and
quenched in water to obtain a supersaturated solid solution.
The composite was then heated to precipitate the GP zone,
n'(Mg,Zn,) and n(MgZn,) phase, under various tempera-
tures (100-240 °C) and times (6-28 h). In this study, A.S.C.
means the composite sintered at 610 °C for 30 min; S.T.C.
means the composite solution treated at 510 °C for 1 h; and
A.C. means the composite aging treated at 140 °C for 24 h
after the solution treatment.

2.3 Microstructural and Heat Analysis

The microstructure of the composite was observed by field
emission scanning electron microscopy (FE-SEM) with
EDS. The phase constituents of the composites was ana-
lyzed by X-ray diffraction (XRD) using CuKa radiation. In
addition, the thermal conductivity and thermal diffusivity
of each composite were measured using a laser flash (LFA
467, NETZSCCH).

Table 1 Chemical composition

wt% Al Zn Mg Cu Si SiC

of each powder
Alumix 431 Bal. 59 2.5 1.7 - -
Al-9Si-SiC, Bal. - 0.5 0.2 9 20 vol%
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Table 2 EDS analysis of each

dor in Fie. 1 wt% Al Zn Mg Cu Si C
powder in Fig.
No. 1 83.11 10.21 04.06 02.62 - -
No. 2 99.28 0.16 0.38 0.18 - -
No. 3 01.26 - - - 81.10 17.64

2.4 Mechanical Properties

The hardness of the composites was measured using a micro
Vicker’s hardness tester with a load of 2.942 N. The wear
test was carried out using a ball-on disc type tester. The
material of the counter ball was SUJ2, which had a chemi-
cal composition of Fe—0.95C-0.15Si-0.2Mn-1.3Cr. The test
was conducted under various linear speeds (0.1, 0.5, and
1.0 m/s) and an applied load of 100 N. The total sliding
distance was fixed to 500 m and the test was performed in
air at room temperature. The wear rate was calculated by
the weight loss and true density of each composite. In addi-
tion, the wear track, cross-section, and debris were examined
by SEM equipped with EDS. A K-type thermocouple was
used to measure the friction temperature. A thermocouple
was inserted into a small hole made at the middle of the
specimen.

3 Results and Discussion

Figure 2 shows the microstructure and EDS data of the as-
sintered composite. The microstructure can be divided into
three types: Al-Zn-Mg—Cu, pure Al, and Al-9Si-SiCp
areas, as shown in Fig. 2a. These areas were derived from
the three types of powders used to fabricate the composite:
Al-Zn-Mg—Cu powder, pure Al powder, and Al-9Si-SiCp
powder.

Al-Zn powder did not show a good sintering response
because zinc is a poor sintering aid [19]. Therefore, pure
Al powder was used to increase the extent of densification
and sinterability during sintering. The pure Al powder has
high plastic deformability and can be deformed easily by an

Fig.2 a Microstructure and b
EDS result of the as-sintered
composite
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applied pressure. This contributes to binding and filling up
of the space between the powders and improves densifica-
tion during hot press sintering [16, 20]. The microstructure
also shows that the SiC particles of the AI-9Si—SiCp area
were distributed uniformly without segregation at the grain
boundary by adding the in-situ powder.

In addition, the bright fine phase was observed in the
Al-Zn—Mg—Cu area but no phase was found in the pure Al
area, as shown in the Al-Zn—-Mg—Cu and pure Al area of
Fig. 2a. Figure 2b presents the EDS result of the as-sintered
composite. Alloying elements, such as Zn, Mg, and Cu were
detected in the bright fine phase of the Al-Zn—Mg—Cu area.
In contrast, the alloying elements were rarely detected in
the pure Al area.

Figure 3 shows XRD patterns of the as-sintered com-
posite. This shows that a-Al, hexagonal n(MgZn,: ICSD
collection code: 108587), monoclinic n'(Mg,Zn,: ICSD
collection code: 104899), tetragonal Al,Cu (ICSD collec-
tion code: 172800), and cubic SiC (ICSD collection code:
164973) exist in the as-sintered composite.

Figure 4 presents the DSC data of the as-sintered and
solution-treated composite. Point A of the DSC curve of
the as-sintered composite revealed an endothermic peak
between 500 and 520 °C. Points B and C of the DSC curve
of the solution-treated composite showed endothermic and
exothermic peaks. In general, the endothermic peak rep-
resents the dissolution reaction, whereas the exothermic
peak represents the precipitation reaction. A previous study
showed that the melting temperature associated with a n
phase in the Al-Zn—-Mg—Cu alloy was approximately 500 °C
[21]. Point A is related to dissolution of the 1 phase. There-
fore, the solution treatment of the as-sintered composite was
conducted at 480 and 510 °C for various times. In addition,
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Fig.3 XRD pattern of the as-sintered composite
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Fig.4 DSC curve of the as-sintered and solution-treated composite

the Al-Zn-Mg—Cu alloy has the following precipitation
sequence after the solution treatment. The Al-Zn—-Mg—Cu
alloy becomes a supersaturated solution with a GP zone.
The GP zone is coherent with the aluminum matrix. With
increasing time or temperature, a metastable n'(Mg,Zn,)
phase developed that was semi-coherent with the matrix
and had a monoclinic unit cell. With increasing time or
temperature, the n'(Mg,Zn,) phase transformed to an inco-
herent equilibrium n(MgZn,) phase, which has a hexagonal
unit cell. The GP zone was reported to dissolve at 150 °C
and the n'(Mg,Zn,) and n(MgZn,) phase formed at 200 °C
[12]. Therefore, in the DSC curve of the solution-treated
composite, point B between 130 and 150 °C represents the
dissolution of the GP zone and point C between 220 and
240 °C represents the formation of the n(MgZn,) phase. To
control precipitation through an aging treatment, the range

of aging temperatures was determined to be 100 to 240 °C
based on the DSC results.

The dissolution and formation reaction, such as points
B and C, were not observed on the DSC curve of the as-
sintered composite, as shown in Fig. 4. The as-sintered com-
posite, which was cooled slowly in the furnace, contained
a considerable fraction of equilibrium n(MgZn,) phase and
metastable n'(Mg,Zn,) phase. Because the n(MgZn,) phase
had already formed in the as-sintered composite, the forma-
tion reaction of the n(MgZn,) and n'(Mg,Zn,) phase and
the dissolution of the GP zone were not observed in the
as-sintered composite.

Figure 5 shows XRD patterns of the solution-treated
composite under various solution treatment conditions: 480
and 510 °C for 1, 2, and 3 h. This suggests that the peak of
n(MgZn,) and Al,Cu phase disappeared under all solution
treatment conditions except for the condition of 480 °C for
1 h. On the other hand, the peak of the n'(Mg,Zn,) phase
was detected by XRD. Some of the GP zone, which had been
formed by quenching, were transformed to the n'(Mg,Zn,)
phase with increasing time. This is why the n'(Mg,Zn,)
phase was detected despite the solution treatment. In addi-
tion, the peak of the GP zone was not detected by XRD
because it is fine and coherent with the matrix [12].

Figure 6 shows (a) the microstructure and (b) EDS data
of the solution-treated composite under 510 °C for 1 h.
EDS mapping was conducted at the areas showing both
Al-Zn-Mg—Cu and pure Al. At the Al-Zn—-Mg—Cu area,
the bright fine phase was almost dissolved as a result of the
solution treatment, as shown in Fig. 6a. Furthermore, Zn and
Mg were detected in the pure Al area of the solution-treated
composite compared to the pure Al area of the as-sintered
composite, as shown in Fig. 6b. This can be explained by
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Fig.5 XRD pattern analysis of the solution-treated composite under
various conditions
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Fig.6 a Microstructure and
b EDS result of the solution-
treated composite
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atomic diffusion. During the solution treatment, the diffusion
of Zn and Mg occurred from the Al-Zn-Mg—Cu area to the
pure Al area at high temperature, which provides the driving
force for diffusion.

In addition, the SEM microstructure show that the pores
(arrowed) were created along the grain boundaries after
solution treatment. As shown in Table 4, the relative density
of the composite decreased significantly after the solution
treatment. The composite was fabricated through powder
metallurgy. The composite was cooled slowly in the fur-
nace after sintering processing. Precipitation of the phase is
expected to occur at the grain boundaries and free surfaces,
including the internal pore surfaces. This leads to a con-
siderable increase in the relative density of the composite
[22]. When the composite was heat treated for the solution
treatment, the phase formed at grain boundaries and free
surfaces were dissolved with the concomitant formation of
pores. This might lead to a decrease in the relative density
of the composite.

Before the solution treatment, there was difference in
hardness between the Al-Zn—Mg—Cu and pure Al areas:
252.5 HV and 171.4 HV, respectively, as shown in Table 3.
After the solution treatment, however, not only the hard-
ness of the composite increase but also the difference in
hardness between Al-Zn—-Mg—Cu and pure Al area almost
disappeared. At a solution treatment temperature of 480 °C,
the hardness of the composite began to decrease after more
than 3 h. At a solution treatment temperature of 510 °C,
the hardness began to decrease after more than 2 h. In con-
trast, the difference in hardness continued to decrease with
increasing solution treatment time. In addition, the differ-
ence in the hardness at 510 °C is lower than that at 480 °C.
Therefore, it is considered that the solution treatment condi-
tion of 510 °C for 1 h is the better condition. Overall, the
hardness of the Al-Zn—Mg—Cu and pure Al areas reached up
to 285.7 and 272.6 HV, respectively at a solution treatment
temperature 510 °C for 1 h. Furthermore, the difference in
hardness decreased from 81.1 to 13.1 HV.

Figure 7 presents XRD patterns of the aged composite at
various temperatures (100, 160, 200, and 240 °C) for 24 h

@ Springer

Table3 Micro Vicker’s hardness of the solution-treated composite
according to the solution treatment conditions: (a) 480 °C for 1 h, (b)
480 °C for 2 h, (c) 480 °C for 3 h, (d) 480 °C for 4 h, (e) 510 °C for
1 h, (f) 510 °C for 2 h, (g) 510 °C for 3 h, (h) 510 °C for 4 h

Specimen  Hardness of Al-Zn— Hardness of Differences in

Mg—Cu area (HV)  pure Al area hardness (HV)
(HV)

AS.C. 252.5 171.4 81.1

(a) 283.7 208.9 74.8

(b) 288.0 248.4 39.6

(c) 287.8 251.3 36.5

(d) 265.6 238.5 27.1

(e) 285.7 272.6 13.1

®) 285.2 275.1 11.4

(2) 273.2 268 5.2

(h) 244.9 241.7 32

after a solution treatment at 510 °C for 1 h. The peak of the
n'(Mg,Zn,) and n(MgZn,) phase was detected after an aging
treatment at 200 and 240 °C for 24 h, while only the peaks
for the n'(Mg,Zn,) phase were detected under after the aging
treatment at 100 and 160 °C for 24 h.

Figure 8 presents the DSC data of the aged composite at
140 and 240 °C for 24 h. The DSC curve of the aged com-
posite at 140 °C for 24 h revealed the dissolution reaction of
the GP zone and the precipitation reaction of the n'(Mg,Zn,)
and n(MgZn,) phase. This means that the composite heat
treated at 140 °C for 24 h consists of the GP zone. On the
other hand, no reaction occurred at 240 °C for 24 h because
this composite already consists of the n'(Mg,Zn,) and
n(MgZn,) phase. Therefore, according to the results of XRD
and DSC analysis, the composite consists of a GP zone and
n'(Mg,Zn,) phase after the aging treatment at 100-160 °C.
In addition, after aging at 200 and 240 °C, the composite
consists of a n'(Mg,Zn,) and n1(MgZn,) phase.

Figure 9 shows the hardness of the aged composite at
various aging temperatures and times. As mentioned above,
the difference in hardness between the Al-Zn—-Mg—Cu and
pure Al areas of the solution-treated composite almost
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Fig.8 DSC curve of the aged composite at 140 and 240 °C for 24 h

disappeared. The hardness of the Al-Zn-Mg—Cu area in
the aged composite was similar to that of the pure Al area.
The hardness of the composite aged at various temperatures
for 24 h was measured, as shown in Fig. 9a. The compos-
ite aged at low temperatures (100-160 °C) showed higher
hardness than that at high temperatures (200-240 °C). In
addition, Fig. 9b shows the hardness of the aged composite
for various aging times at 140 and 240 °C. At an aging treat-
ment temperature of 140 °C, the hardness of the composite
continued to increase with increasing holding time. After
more than 24 h, the hardness began to decrease. Similarly,
at an aging treatment temperature of 240 °C, the hardness
of the composite continued to increase with increasing hold-
ing time. On the other hand, the hardness began to decrease
after more than 10 h. Overall, the composite aged at 140 °C
showed higher hardness than at 240 °C. This suggests that
the GP zone and n'(Mg,Zn,) phase contribute more to age
hardening than the n'(Mg,Zn,) and n(MgZn,) phases.

Figure 10 shows (a) the wear rate and (b) friction tem-
perature of each composite at a linear speed of 0.1, 0.5,
and 1.0 m/s with an applied load of 100 N. The solution-
treated composite was heat treated at 510 °C for 1 h. The
aged composite was heat treated at 140 °C for 24 h after the
solution treatment at 510 °C for 1 h. The wear rate of the
aged composite was lower than that of the as-sintered and
solution-treated composite under all wear conditions. At a
linear speed from 0.1 to 0.5 m/s, the change in wear rate was
insignificant in all composites. When the linear speed was
increased from 0.5 to 1.0 m/s, the wear rate increased signifi-
cantly in the as-sintered composite. On the other hand, at a
linear speed from 0.5 to 1.0 m/s, the aged composite showed
relatively little change in wear rate. The wear resistance of
the aged composite increased due to the increase in hardness
of the aged composite by aging hardening. In contrast, the
wear resistance of the solution treated composite decreased
despite increasing in hardness.

The friction temperature of each composite increased lin-
early with increasing linear speed. In particular, the friction
temperature of the solution-treated composite was higher
than that of the other composite under all wear conditions.

Fig.9 Micro Vicker’s hardness (a) 500 (b) ss0
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Table 4 Properties of the as-sintered, solution-treated, and aged com-
posite

Specimen Relative den-  Thermal diffusiv-  Thermal con-
sity (%) ity (mm?/S) ductivity [W/
(m*K)]
AS.C. 98.5 53.9 147.9
S.T.C. 95.8 45.0 120.1
A.C. 95.8 51.3 137.0

The relative density, the thermal diffusivity and the ther-
mal conductivity of the solution-treated composite were
lower than that of the as-sintered composite, as shown in
Table 4. As mentioned above, many pores formed along the
grain boundaries led to a decrease in the relative density
after the solution treatment. These pores could act as crack
initiation points during the wear test. In addition, after the
solution treatment, the lattice of the matrix was distorted
by dissolved atoms, such as Zn and Mg. These atoms in the
matrix act as obstacles to electrons, which is the principal
carrier of heat energy, and disturb heat transfer [23]. This
leads to a decrease in thermal conductivity and an increase
in friction temperature in the composite. An elevation in
temperature due to the friction temperature softened the
composite, which resulted in an increased wear rate [24].
These are the reasons why the solution treated composite
has low wear resistance.

Figure 11 shows the wear track of each composite under a
linear speed of 0.1, 0.5, and 1.0 m/s with an applied load of
100 N. Similar wear behavior was observed in all composites
according to the linear speed. At a linear speed of 0.1 m/s,
abrasive wear is the major wear behavior in all composites.
Abrasive wear generates a groove pattern and small delami-
nation on the wear track, as shown in Fig. 11a, d, g. Accord-
ing to the increased linear speed from 0.1 to 0.5 m/s, the
groove pattern almost disappeared and some adhesion and
delamination started to occur on the wear track, as shown in
Fig. 11b, e, h. According to the increased linear speed from
0.5 to 1.0 m/s, adhesive wear was predominantly observed
and large delamination occurred, as shown in Fig. 11c, i. As
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shown in Fig. 10a, a substantial increase in wear rate was
observed when the linear speed was increased from 0.5 to
1.0 m/s. Adhesive wear was accompanied by thermal plastic
deformation and material loss, which caused an increase in
wear rate [25]. Therefore, adhesive wear became the pre-
dominant wear behavior with increasing linear speed from
0.5 to 1.0 m/s and caused an increase in wear rate.

Figure 12 presents the wear cross-section of each com-
posite under a linear speed of 0.1, 0.5, and 1.0 m/s with an
applied load of 100 N and Table 5 lists the EDS data of the
wear cross-section of the aged composite at a linear speed
of 0.5 m/s. Voids and cracks were observed at the cross-
section under all conditions, and were generated under the
surface during the wear test. They then grew almost paral-
lel to the surface and were removed from the surface. The
removed material became wear debris [24]. In addition, the
dark layer near the surface of the wear cross-section was
observed at a linear speed of 0.5 m/s. EDS indicated that
the dark layer contained a large amount of oxide and carbon
compared to the under layer, as shown in Table 5. In general,
as the friction temperature increases with increasing linear
speed, the atoms of the counter materials are transferred to
the surface of the composite and form an oxide layer dur-
ing the wear test. The oxide layer, which develops during
the wear test, protects the surface from the counter materi-
als and minimizes the adhesive wear by preventing contact
between the surface and counter materials [24]. The friction
temperature increased linearly with increasing linear speed
from 0.1 to 0.5 m/s. SUJ2, which contained carbon, was used
as the counter material in this study. Therefore, the carbon
in SUJ2 was transferred to the surface with increasing fric-
tion temperature during the wear test, which contributed to
the development of an oxide layer containing carbon on the
surface. The developed oxide layer protected the surface.
Therefore, the change in wear rate was insignificant despite
increasing the linear speed from 0.1 to 0.5 m/s. This oxide
layer was not observed when the linear speed was increased
from 0.5 to 1.0 m/s because the oxide layer was destroyed
with increasing linear speed.
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Figure 13 shows the wear debris of each composite at a
linear speed of 0.1, 0.5, and 1.0 m/s with an applied load of
100 N. The debris consisted mainly of small blocky debris
and some flake-like debris in all composites at a linear speed
of 0.1 m/s. As the linear speed was increased from 0.1 to
1.0 m/s, the main debris transformed from small blocky to
flake-like debris. In general, the small block debris is gener-
ated by abrasive wear, whereas the flake-like debris is gener-
ated mainly by adhesive wear. Adhesive wear is accompa-
nied by thermal plastic deformation. Flake-like debris can
be generated by plastic deformation. Hard asperities over
a softer surface without cutting will produce ridges. These
ridges can be flattened by further contact. The flattened
material on the surface breaks off and becomes flat wear
flakes [26]. The size of the debris of the aged composite was
smaller than that of the other composite. In general, the size
of the debris is small when the material has high hardness
because crack propagation deep from the surface is difficult.
This suggests that aging hardening has a positive impact on
the wear resistance of the composite.

Overall, at a linear speed of 0.1 m/s, abrasive wear is
the predominant behavior in all composites. The wear rate
at a linear speed of 0.5 m/s showed a similar wear rate at a

Seizure

linear speed of 0.1 m/s because an oxide layer was formed
at all composites, which protects the surface and decreases
the wear rate. According to the increasing linear speed up
to 1.0 m/s, the wear behavior was changed from abrasive to
adhesive wear and the wear rate increased rapidly except for
the aged composite. The oxide layer was not observed in any
of the composites. Therefore, the surface of the composite
was not protected against the counter materials. At a linear
speed of 1.0 m/s, only the aged composite, which consists
of a GP zone and n'(Mg,Zn,) phase, could endure the stress.
In contrast, the solution-treated composite showed low wear
resistance despite solid solution hardening.

4 Conclusions

An Al-Zn-Mg—-Cu/in-situ Al-9Si-SiCp/pure Al composite
was fabricated by hot press sintering. The effects of heat
treatment in the composite were examined. The heat treat-
ment consisted of three stages: solution treatment, quench-
ing, and aging treatment. The solution and aging treatment
were conducted under a range of temperatures and times.

@ Springer
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Fig. 12 Wear cross-section of each composite under various wear conditions

; - / Void

Table5 EDS analysis of wear

, Point Al Zn Mg Cu Si C 0
cross-section of the aged
composite at a linear speed of No. A 73.06 1.88 2.57 - 2.09 11.16 09.16
0.5 m/s No. B 94.67 02.47 02.03 - - - 00.83

1. After sintering, the microstructure consisted of three
different areas. Alloying elements were not detected in
the pure Al area, which caused a difference in hardness
among the areas.

2. After the solution treatment, the main phase, n'(Mg,Zn,),
n(MgZn,), and Al,Cu phase, dissolved in the composite
and alloying elements were detected in all three areas.
In addition, the difference in hardness among the areas
almost disappeared. The optimized solution treatment
was found to be 510 °C for 1 h according to the differ-
ence in hardness.

3. Atan aging temperature of 100—160 °C, the composite con-
sisted mainly of a GP zone and n'(Mg,Zn,) phase. At an
aging temperature of 200240 °C, the composite consisted

@ Springer

mainly of n(MgZn,) and n'(Mg,Zn;) phase. According to
the result of the hardness, it is considered that the GP zone
and n'(Mg,Zn,) phase contribute more to age hardening
than the n'(Mg,Zn,) and n(MgZn,) phases. The highest
hardness observed was 399.4 HV at 140 °C for 24 h.

In all composites, the wear behavior changed from abra-
sive to adhesive wear with increasing linear speed from
0.1 to 1.0 m/s. The wear rate of the aged composite was
lower than that of the as-sintered composite under all
wear conditions. In particular, the wear rate of the as-
sintered composite increased significantly when the lin-
ear speed was increased from 0.5 to 1.0 m/s. Especially,
the solution-treated composite exhibited low wear resist-
ance.



Metals and Materials International (2018) 24:576-585

585

Linear speed : 0.1m/s
S ayeElakedike 7

As-sintered

Solution treated

--Bloéky
deb_ris

i D= .

Aged

Fig. 13 Wear debris of each composite under various wear conditions
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