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The Effect of AZ61 Content on Mechanical Strength and Surface
Hardness of PA6-AZ61 Magnesium Alloy
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Abstract: In this study, a Polyamide 6 (PA6)-AZ61 magnesium alloy composite and pure PA6 were fabricated using a
compression molding instrument. Both the matrix and reinforcement were prepared in powder form. A planetary ball
milling machine was employed to mix the PA6 and AZ61 micro powders. The effects of AZ61 content at different
percentage on the final properties of the composite were investigated. X-ray diffraction (XRD) analysis and scanning
electron microscopy with energy-dispersive X-ray spectroscopy (SEM-EDS) were employed to verify the uniformity of the
mixing process and to confirm the composition of both the raw materials and the composite. The result, relative to
pristine PAG, the ultimate tensile strength (UTS) demonstrated a substantial increment of 48.3%, reaching 58 MPa.
Whereas the yield strength (YS) exhibited a notable surge to 49.38 MPa, constituting a 52.9% enhancement.
Additionally, the PA6-5AZ61 composition achieved the highest microhardness value at 21.162 HV, signifying a
remarkable 66.3% augmentation compared to the unalloyed PA6 material. This result suggests that AZ61 has the

potential to improve the properties of the matrix material.
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1. INTRODUCTION

Polymer matrix composites (PMC) have been
employed in a variety of industries and applications,
including electrical and electronic components, as well
as biomedical implants, household appliances, and
automobile parts [1]. Recent advancements in high
performance polymer materials are gaining attention as
having the potential to transform the materials used in
automobiles [2]. Thermoplastic and its composites are
utilized in a range of interior and body applications in
automobiles, including instrument panels, seat backs,
interior door trims, and bumper beams. The
thermoplastic polymers in this application are typically
polypropylene (PP), polybutylene terephthalate (PBT),
polycarbonate, ABS, polyamide 6 (PAG6). They were
chosen due of their cost effectiveness in comparison to
high performance thermoplastics, such as polysulfone,
poly ether ether ketone (PEEK) [3]. PA6 is often used
when low cost, high mechanical strength, rigid and
stable materials are required [4, 5]. PA6 stands as a
semi-crystalline thermoplastic polymer that has
garnered extensive use within the realm of engineering
thermoplastics. Its reputation is well-established for its
remarkable processability, impressive tensile
characteristics, and its ability to resist abrasion and
chemical exposure [6].
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Other materials besides polymers used in the
automotive field are magnesium alloys because of their
good specific strength [7]. Magnesium and its alloys
are desirable to modern businesses, owing primarily to
their low density in comparison to typical structural
metals. Furthermore, these alloys have a high strength-
to-weight ratio, which makes them suitable for use in a
variety of structural applications in industries such as
automobiles, and marine [8-10]. Magnesium alloys,
especially the AZ family, have been applied in the
automotive sector as brackets for brake and clutch,
housings for the transfer case and gearbox, intake
manifolds, transmission cases, wheels, trims, and air
bag housings [3].

Several researchers have conducted research using
magnesium and polymer materials to take advantage
of the advantages of these two materials. Magnesium
is used as a polymer coating in healthcare to promote
compatibility with the human body. PEEK and
magnesium in combination has been used in the
medical field as a scaffold [11] and as 3D printing of
dental and orthopedic implants as well [12].
Magnesium was also introduced in polylactic acid
(PLA) to make biodegradable 3D printing filament [13].
Furthermore, most researchers use a polymer as a
magnesium coating to increase corrosion resistance.
Such as PLA, PEEK, PMMA and others polymer as
coating [14-16].

From previous research, Polymer and magnesium
gave a big potential to be mixed as a PMC. The PA6-
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Mg alloy composite has the potential to be a lightweight
material with good mechanical properties. Thus, it can
enhance the performance of automotive components
that are made from PA. In this research, the effects of
different weight percentages AZ61 magnesium alloy
powder as the reinforcement to PA6 matrix were
investigated.

2. EXPERIMENTAL

2.1. Material

In this study, white color PA6 powder (DuPont), with
a particle size of 200mesh, was utilized as the matrix
material. The PA6 powder was procured from
Shanghai Guangyuan company. For reinforcement,
AZ61 magnesium alloy micro powder with a particle
size of 100mesh was employed, it was acquired from
TIJO material co., Ltd. China was applied for
reinforcement [17]. AZ61 was incorporated into the
matrix at various weight percentages, specifically 1
wt.%, 3 wt.%, 5 wt% 10 wt.% and 15 wt.%. The
resulting polymeric composites were denoted as PAG-
1AZ61, PA6-3AZ61, PA6-5AZ61, PA6-10AZ61 and
PA6-15AZ61, respectively.

2.2. Composite Preparation

The blending of PA6 powder and AZ61 powder was
carried out using a Retsch PM100 planetary ball milling
machine, equipped with 10 mm stainless steel grinding
balls. The experimental parameters were set as
follows: a milling speed of 300 rpm, a milling duration of
30 minutes, and a ball-to-powder ratio of 1:1, signifying
the utilization of an equal weight of stainless-steel
grinding balls concerning the combined weight of PA6
and AZ61 powders. After the mixing process, the
composite powder was transformed into a composite
plate through compression molding. The utilization of
compression molding represents a prominent
technique employed in the fabrication of polymers and
their composites [18, 19]. Both pristine PA6 and the
composite powders were preheated to 80 °C, to
minimize moisture content, thereby, reducing the
presence of air bubbles during the compression
molding process [20]. The material and mold were
simultaneously heated, with the temperature ranging
from 150 °C to 220 °C. This preheating process
spanned 10 minutes. Once the temperature reached
220 °C, a low pressure of 3 MPa was applied for 1
minute. Subsequently, the pressure was released to 0
MPa. Following this, a pressure of 7 MPa was applied
for 4 minutes. After this step, the mold and material

were allowed to cool from 220 °C to 150 °C, a process
lasting 40 minutes, while maintaining the same
pressure. The pressure was then released, and the
mold was removed, permitting it to cool to room
temperature  before  extracting the  material.
Subsequently, tensile specimens were cut according to
ASTM D638 type IV specifications using laser jet
cutting.

2.3. Characterization

The morphology of PA6 and AZ61 powder was
investigated using a field emission scanning electron
microscope (FE-SEM) model JSM-7900 from Jeol Ltd.,
Japan. This same instrument was also utilized to
examine the elemental mapping of the composite
powder. It is also used to observe the elemental
mapping of the composite powder. The X-ray diffraction
(XRD) patterns of both the original materials and the
composites were examined using the D2 Phaser
instrument from Bruker (Germany). The scanning
range (20) was set from 10° to 80° with a step size of
0.04° and a scanning rate of 4.8°min-1 for AZ61
powder. For pristne PA6 and the PA6-AZ61
composite, the step size was 0.05° and the scan rate
was 10°/min. The tensile test was conducted using the
universal tensile testing device, Insight-100 (MTS
Systems Corp., USA). Surface properties were
observed wusing a microhardness tester, Wilson
HV1102, with an applied pressure of HV 0.1 kgf for a
10-second indentation period.

3. RESULT AND DISCUSSION

3.1. Material Characterization

As seen in Figure 1, the morphology of PA6
particles is non-spherical, featuring irregular shapes
and distinct sharp edges [21]. On the other hand, the
AZ61 particles have a spherical shape [22]. The XRD
pattern peaks of the matrix, reinforcement, and
composite material are visible in Figure 2. AZ61
exhibits a dominant peak corresponding to the
Mgo.97Zn0.03 phase, along with some Al;;Mgq; phase.
PAG, being a polymer, shows 2 peaks corresponding to
the crystalline phase. The diffraction peaks observed at
20° and 24° in the 26 angle can be attributed to the
reflections corresponding to the (200) and (002, 202)
crystallographic planes in the alpha phase of PA6 [23].

The particle morphology and elemental mapping
after mixing were also observed using SEM images, as
shown in Figure 3. Figure 3a display SEM images of
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Figure 1: SEM images of (a) PA6 and (b) AZ61 as received.
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Figure 2: XRD pattern of PA6 and AZ61.
the composite powder with 3 wt.% of reinforcement at dispersion of AZ61 throughout the  matrix.

magnifications of 500. PA6 consists of carbon (C)
elements. While, in AZ61 magnesium alloy,
magnesium (Mg) is the predominant element. The
AZ61 particles are well-dispersed in the PA6 matrix, as
depicted in Figure 3b and c. Magnesium is uniformly
distributed on the PAG6 particles.

Figure 4 presents the XRD pattern peak of the
composite after the completion of the mixing process.
Notably, the Mgo.97Zno03 peak exhibits an increase in
intensity, as the quantity of AZ61 rises. In the
composite containing 1 weight percent AZ61, the
magnesium-zinc peak appears somewhat obscured.
However, with the inclusion of 15 weight percent AZ61,
the magnesium peak becomes distinctly pronounced.
This pattern serves as an indicator of the effectiveness
of the blending procedure in achieving a uniform

Nevertheless, it is worth noting that the Al;,Mgs; peak
is not prominently visible in the composite, likely due to
its significantly lower content in comparison to the
polymer peaks.

3.2. Mechanical and Tribological Properties

The composite material exhibits a higher ultimate
tensile strength (UTS) when a moderate quantity of
reinforcement is introduced, as compared to pure PAG.
The addition of AZ61 in weight percentage leads to a
progressive increase in UTS. The UTS of pure PAG6 is
39.12 MPa. However, with the addition of 1 and 3 wt.%
of AZ61 to PAB, the UTS increases to 48.8 MPa and 58
MPa, respectively. Nonetheless, when the
reinforcement content is further increased to 5 wt.%,
the UTS decreases to 36.12 MPa. Subsequently, the



The Effect of AZ61 Content on Mechanical Strength

Journal of Research Updates in Polymer Science, 2023, Vol. 12 183

| prw——|

Fen 1

50pm

50pm

Figure 3: SEM images of PA6-3AZ61 (a) 500 magnifications. EDS mapping of (b) carbon distribution (c) magnesium

distribution.
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Figure 4: XRD pattern of PA6-AZ61 composite.

UTS stabilizes within the range of 35 to 38 MPa with
the introduction of additional reinforcing material. The
observed decrease in UTS at higher reinforcement
content may be attributed to an increase in stress
concentration. Elevated concentration of particle at the
interfaces where the particles meet the matrix can lead
to heightened stress concentrations. During tensile
testing, these stress concentrations have the potential
to initiate fractures and propagate, thereby reducing the
tensile strength. Although there is a UTS reduction in
the case of 5% or higher reinforcement, it is noteworthy
that the UTS values remain slightly different from the
pristine material.

Both the yield strength (YS) and UTS exhibit similar
trends. For the pristine material, the YS measures 32.3

MPa, while for composites with 3 and 5 wt%
reinforcement, it increases to 41.26 MPa and 49.38
MPa, respectively. Nevertheless, the YS decreases
with the addition of 5 wt.% reinforcement (31.48 MPa)
and remains relatively constant with the introduction of
10 weight percent (33.06 MPa) and 15 weight percent
(30.28 MPa) of reinforcement. The tensile strength of
both pure PA6 and the PA6-AZ61 composites at
various weight percentages is illustrated in Figure 5.

The microhardness of both pure PA6 and PAG6-
AZ61 composites at different weight percentages is
depicted in Figure 6. Notably, when compared to pure
PA6, the composite materials exhibited higher
microhardness values. Furthermore, microhardness
showed a gradual increase with a higher percentage of
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AZ61 reinforcement. Specifically, the microhardness of
pure PA6 was 12.725 HV, and this value increased
significantly to 16.55 HV, 19.05 HV, and 21.162 HV
with the addition of 1, 3, and 5 weight percent of AZ61,
respectively. Interestingly, both PA6-10AZ61 (20.963
HV) and PA6-15AZ61 (20.975 HV) exhibited similar
microhardness levels.
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Figure 5: Yield and Ultimate tensile strength for pristine PA6
and the PA6-AZ61 composite.
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Figure 6: Micro hardness Vickers value for pristine PA6 and
the PA6 + AZ61 composite.

4. CONCLUSION

In this research, the impact of incorporating AZ61
reinforcement at various weight percentages was
investigated. The investigation involved employing X-
ray diffraction (XRD) analysis and scanning electron
microscopy with energy-dispersive X-ray spectroscopy

(SEM-EDS) to confirm the uniform and successful
distribution of AZ61 particles within the PA6 matrix. The
composite material was effectively produced using a
compression molding apparatus. Subsequently, the
outcomes of the composite samples containing varying
AZ61 content were compared to those of pure PA6
specimens, focusing on their tensile strength and
microhardness properties.

Notably, the composite with a PA6-3AZ61
composition exhibited exceptional tensile strength
results. In comparison to pure PAG, the ultimate tensile
strength (UTS) increased by 48.3%, rising from 39.12
MPa to 58 MPa, while the yield strength (YS) increased
from 32.3 MPa to 49.38 MPa, representing a 52.9%
increase. Furthermore, the PAG6-AZ61 composite
displayed elevated microhardness values. The highest
microhardness value of 21.162 HV was achieved by
the PA6-5AZ61 composition, signifying a remarkable
66.3% increase compared to pure PA6. To conclude,
the addition of AZ61 particles was found to significantly
enhance the tensile and hardness properties of PAG.
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