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Abstract: Magnesium nanocomposites, with nano-scale ceramic reinforcements, have attracted a great
deal of attention for several engineering and biomedical applications in the recent past. In this work,
superparamagnetic iron oxide nanoparticles, Fe3O4, with their unique magnetic properties and the ability
of being bio-compatible and non-toxic, are reinforced to magnesium to form Mg/(1, 2, and 3 wt %) Fe3O4

nanocomposites. These nanocomposites were fabricated using the conventional disintegrated melt
deposition (DMD) technique followed by extrusion. Further, the materials were also processed using
the novel turning-induced-deformation technique where the chips from turning process are collected,
cold compacted, and hot extruded. The materials processed via the two techniques were compared
in terms of microstructure and properties. Overall, the Mg/Fe3O4 nanocomposites, processed via
both routes, exhibited a superior property profile. Further, the turning-induced deformation method
showed promising results in terms of improved properties of the nanocomposites and serves as a
great route for the recycling of metallic materials.
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1. Introduction

An upsurge in the processing and fabrication of lightweight magnesium (Mg) and the associated
alloys/nanocomposites, typically for weight-sensitive applications such as in the aerospace industry,
has been observed in the recent past [1–3]. A number of components in the aircraft interiors, such as
passenger seats, overhead compartments, folding tables and food trolleys, and transmission casings,
have the potential to use magnesium [4]. Mg nanocomposites with nanometric length scale reinforcements
such as ceramic, metallic, and other carbon-based reinforcements, i.e., CNTs (carbon nanotubes)
have shown promising results in improving the mechanical, physical, and ignition properties of
magnesium [2,5,6]. These nanoparticles were found to have properties that alleviate certain inherent
weaknesses of Mg such as limited ductility, creep resistance, and strength but, more importantly,
may also be used to incorporate new, desirable, and targeted properties. So far, several techniques have
been reported for the synthesis of these nanocomposites. Some of them include (i) the disintegrated
melt deposition (DMD) method whereby the melt is disintegrated and deposited onto a substrate using
an inert shielding gas [2]; (ii) the ultrasound assisted casting technique, to break up particle clusters
in the melt [7]; (iii) the in-situ synthesis technique utilizing the self-propagating high-temperature
reactions based on the thermodynamic reactions between matrix and reinforcement [8,9]. Apart from
the liquid state techniques, solid state processing techniques such as powder metallurgy followed
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by sintering [10] have also been popular in the production of these lightweight magnesium-based
materials [11].

Conventional magnesium processing and machining, however, produces swarf/turnings, thus
incurring wastage. While there have been studies on the recycling of such swarf, they were focused
on re-melting for recovery of the magnesium which requires more energy than direct utilization [12].
Further studies on the recycling of magnesium turning/swarf commercially using industrial solutions
are not readily available [13] while efforts on aluminum alloy machine swarf compaction methods were
found, having been successfully hot-extruded into C-channels [14]. Thus, this provides a scope for a new
magnesium recycling method that is more economical, via direct utilization of swarf. Such a method,
named the turning-induced-deformation (TID) technique, has been recently introduced by some of the
authors. This involves the consolidation of magnesium chips/turnings, followed by cold compaction
and hot extrusion [15]. This technique produced extrudates with improved strength while directly
utilizing machine swarf, resulting in better cost and energy efficiency owing to the fact that the chips
are deformed during the turning process. The previous works dealt with the recycling of magnesium
alloys. However, there has been no work on the recycling of the magnesium nanocomposites.

Hence, this work aimed to study the benefits of Fe3O4 nanoparticles, which have a unique
combination of magnetic properties and the ability of being bio-compatible and non-toxic.
Fe3O4 particles, being super paramagnetic in nature, have the ability to improve the electromagnetic
interference (EMI) shielding effectiveness [16,17] of magnesium similar to that of iron particles,
which were shown to be extremely promising [18]. These nanocomposites not only open up the
possibility of applications in lightweight structural components with inherent shielding properties,
but also applications in the biomedical field due to the bio-compatibility and non-toxic nature of
the materials.

The focus of this work is two-fold: (i) to study and ascertain the effect of Fe3O4 nanoparticles
on the overall properties of magnesium; (ii) to understand the properties of the magnesium
nanocomposites processed using the TID technique in comparison to those processed using the
conventional DMD-extrusion technique, so as to promote this technique to recycle the magnesium
nanocomposites as well.

2. Materials and Methods

2.1. Materials and Processing

Magnesium turnings of 99.9% purity from Acros Organics (Morris Plains, NJ, USA) were used
as the matrix material. Fe3O4 nanoparticles (15–30 nm) of 5.17 g/cm3 density were used in addition
to the turnings to synthesize Mg/Fe3O4 nanocomposites for this study. The Mg/Fe3O4 (1%, 2%,
and 3%) nanocomposites were casted using the DMD technique, followed by soaking for 1 h at 400 ◦C,
and extrusion at 350 ◦C [19]. These materials were studied in this work to understand the effect of the
presence of Fe3O4 nanocomposites. Further, in addition, these materials were also subjected to the
turning-induced-deformation (TID) technique. In the TID technique, a conventional lathe is used to
generate turnings from the cast ingots. A speed of 395 rpm, feed speed of 0.98 mm/s, and a depth of cut
of 1 mm were used during the machining/turning of the ingots. The loose turnings (which are typically
the industrial swarf) were collected and it was ensured that the turnings are free from contamination
from foreign substances. Figure 1 below shows the cold compaction process of the turnings, from which
the billets were extracted. The resulting billets were then homogenized at 400 ◦C for 1 h, followed by
hot extrusion at 350 ◦C with an extrusion ratio of 20.25:1, resulting in rods of approximately 8 mm
in diameter.
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Figure 1. Schematic of the turning-induced deformation technique, showing compaction steps.

Table 1 below outlines the materials synthesized and the processing techniques and conditions used.

Table 1. Materials synthesized in this work and their processing conditions.

S. No. Material (wt %) Processing Technique and Conditions Representation in This Work

1 Mg/1Fe3O4 DMD [19] + Extrusion at 350 ◦C DMD
2 Mg/2Fe3O4 DMD [19] + Extrusion at 350 ◦C DMD
3 Mg/3Fe3O4 DMD [19] + Extrusion at 350 ◦C DMD
4 Mg/1Fe3O4 DMD [19] + TID [15] + Extrusion at 350 ◦C TID
5 Mg/2Fe3O4 DMD [19] + TID [15] + Extrusion at 350 ◦C TID
6 Mg/3Fe3O4 DMD [19] + TID [15] + Extrusion at 350 ◦C TID

2.2. Physical Characterization

2.2.1. Density and Porosity

The theoretical density of the nanocomposites was calculated using the rule of mixtures.
To calculate the experimental density, the gas displacement method was used to measure the density of
the nanocomposite samples [20]. An AccuPyc II 1340 gas pycnometer (Norcross, GA, USA) was used
to perform the measurements of the density of the nanocomposites from the two processing methods.
The porosity of these samples was calculated using the assumption that the difference between the
theoretical and experimental densities is due to the porosity in the materials. Average readings from
8 samples in each composition was considered as the final measurement.

2.2.2. Damping

Sample rods of ~7 mm diameter and ~55 mm length were subjected to impulse excitation by
a resonance frequency damping analyzer (RFDA) acquired from IMCE, Genk, Belgium to obtain
damping capacities and the elastic modulus of the nanocomposites. 10 measurements were taken for
each composition to ensure consistency in the results.

2.3. Mechanical Characterization

Compression Testing

Samples of ~7 mm diameter, and a length/diameter ratio of ~1.5 were ground flat and subjected
to a quasi-static compressive load in accordance with ASTM E9-09 using a MTS-810 servo-hydraulic
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testing system (Eden Prairie, MN, USA) with a crosshead speed of 0.07 mm/min and the samples were
compressed until failure. Five samples were tested to ensure consistency in the readings obtained and
the averages of the respective readings are presented in this work.

2.4. Thermogravimetric Analysis

Samples of approximately 2 mm x 2 mm x 1 mm were subjected to heating from 30 to 750 ◦C with
a heating rate of 10 ◦C/min in purified air with a flow rate of 50 mL/min using a thermo gravimetric
analyzer. The resultant temperature vs. time plots were then obtained for one sample from each
composition and the point with a sharp increase in temperature is determined to be the ignition
temperature of the nanocomposite [3,4,21].

2.5. Microstructure Characterization

2.5.1. Grain Size Analysis

Samples from each nanocomposite were ground flat and polished using alumina suspensions,
starting from 5- to 0.05-micron size. The samples were etched using a solution of 20 mL acetic
acid, 1 mL HNO3, 60 mL ethylene glycol, and 20 mL H2O and were viewed under a Leica DM2500
optical microscope (Leica Microsystems (SEA) Pte Ltd., Singapore, Singapore) to obtain images,
following which the average grain sizes of each material were ascertained with the aid of MatLab
software. The average grain size obtained was later used to understand the influence of grain size on
the properties of the materials.

2.5.2. Microstructure

Samples from each nanocomposite were polished and etched for observation under a scanning
electron microscope. A JEOL JSM-6010PLUS/LV scanning electron microscope (SEM) (Jeol USA Inc.,
Peabody, MA, USA) coupled with an energy dispersive spectroscope (EDS) was utilized to investigate
the key features of the nanocomposite surfaces. In addition, a chip obtained from the machining
process was also observed under the scanning electron microscope to observe the features on the chips.
Fractured surfaces of the samples that failed in the compression testing were also examined using SEM.

2.6. Bio-Immersion Testing

Samples from each nanocomposite (height: 1 mm, diameter: 5 mm) and processing method were
ground flat and subjected to a timed corrosion test by immersing them in HBSS (Hank’s balanced
salt solution) at 37 ◦C in a temperature-controlled water bath. The samples were immersed for the
durations of 1, 3, 6, 8, 15, 18, and 24 h (1 sample per duration). Once the durations elapsed, the samples
were immersed in a solution consisting of 1.9 g of AgNO3 and 20 g of CrO3 in 100 mL of deionized
water to remove the corrosion products formed on the surface, then rinsed, dried, and weighed to note
down the mass loss from the corrosion-induced degradation.

3. Results

Properties of pure Mg processed using the DMD method (where included) were obtained from [21].
Pure Mg was used as a benchmark material for comparison with the Mg–Fe3O4 nanocomposites
characterized in this study.

3.1. Microstructural Characterization

3.1.1. Grain Size Analysis

The grain characteristics of the nanocomposites processed via DMD and TID routes are given in
Table 2. Figure 2 gives the representative micrographs of the samples. The Fe3O4 content addition
lowers the mean grain diameter, i.e., the average grain size as compared to pure Mg regardless of
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the method of processing, highlighting the effect of reinforcement addition to magnesium matrix.
For DMD materials, increasing Fe3O4 content generally results in smaller grains, and the least grain
size was seen in Mg/2Fe3O4. Further addition of nanoparticles led to slight grain coarsening, as seen in
the mean grain diameter values of Mg/3Fe3O4. For TID materials, the grain sizes are smaller than that
of DMD materials, except for Mg/2Fe3O4. Thus, the TID method is favorable, resulting in materials
with finer grain sizes.

Table 2. Average grain size of Mg/Fe3O4 nanocomposites.

Nanocomposite Processing Method Mean Grain Diameter (µm)

Mg [21]
Mg/1Fe3O4 DMD

25 ± 4
16 ± 6

Mg/2Fe3O4 8 ± 3
Mg/3Fe3O4 10 ± 4

Mg/1Fe3O4
TID

8 ± 2
Mg/2Fe3O4 8 ± 3
Mg/3Fe3O4 9 ± 3
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3.1.2. General Microstructure

The morphology of a typical chip produced via turning is shown in Figure 3a. The chips/turnings
have two distinct regions of plastic deformation, with high and low plastic deformation regions,
as shown by the presence of shear bands and as given in one of our previous works [15]. Since this
deformation is induced during the turning process, we call the process of obtaining these chips and
compacting them the turning-induced-deformation process.

The general microstructure of the Mg/Fe3O4 nanocomposites processed by DMD and TID techniques
is given in Figure 3b,c. Fe3O4 particles are seen to be well dispersed in the matrix and particularly seated
at the grain boundaries throughout the samples. Agglomeration of Fe3O4 nanoparticles was found
to be a natural tendency of such nanocomposites [22], and, as such, with an increase in the Fe3O4

content, the nanoparticles indeed further massed in agglomerates. However, in the TID nanocomposite,
a finer dispersion of Fe3O4 nanoparticles was seen owing to the processing method which could
have randomly scattered/broken the agglomeration of the nanoparticles during the turning process.
The presence of the nanoparticles at the grain boundaries confirms the Zener pinning effects of the
nanoparticles in the matrix during the dynamic recrystallization process (hot extrusion) [23,24]. This led
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to the reduction in the grain size due to the nanoparticles that assisted in pinning the grain boundaries,
thereby increasing the grain boundary area, hindering grain growth and decreasing the grain size of
the nanocomposites as compared to pure Mg. Coarsening of grain size with 3% Fe3O4 nanoparticles
could be due to the agglomeration of the nanoparticles that reduced their pinning effects considerably.Metals 2019, 9, x FOR PEER REVIEW 6 of 14 
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particles seated at the grain boundaries.

3.2. Physical Properties

3.2.1. Density and Porosity

Table 3 gives the density and porosity results of the nanocomposites processed using both DMD
and TID techniques. The addition of Fe3O4 results in the increase in density of nanocomposites due to
the higher density of Fe3O4. Further, the porosity content also seemed to increase with increase in
Fe3O4 content. Further, the TID samples showed marginally higher porosity levels. However, it is also
observed that the experimental density of the nanocomposites remained largely the same relative to
each other despite the higher theoretical density of those with higher Fe3O4 content, resulting in higher
overall porosity levels as Fe3O4 content increases. The higher porosity of the TID nanocomposites is
due to the presence of air gaps/voids during the compaction of turnings/chips to form a solid billet,
inevitably resulting in voids and pores within the material. This is also observed in previous studies
involving solid-state recycling of aluminum turnings [14], more so than the liquid phase processing,
i.e., the DMD process.
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Table 3. Density and porosity results of Mg/Fe3O4 nanocomposites obtained via both processing methods.

Nanocomposite Processing
Method

Theoretical
Density (g/cm3)

Average Experimental
Density (g/cm3)

Porosity
(%)

Mg

DMD

1.74 1.73 ± 0.01 0.65
Mg/1Fe3O4 1.77 1.76 ± 0.00 0.56
Mg/2Fe3O4 1.81 1.78 ± 0.01 1.66
Mg/3Fe3O4 1.84 1.79 ± 0.02 2.72

Mg/1Fe3O4
TID

1.77 1.75 ± 0.01 1.13
Mg/2Fe3O4 1.81 1.76 ± 0.02 2.76
Mg/3Fe3O4 1.84 1.77 ± 0.02 3.81

3.2.2. Damping Capacity and Young’s Modulus

Table 4 and Figure 4 give the damping properties of the materials. The damping capacity and
attenuation coefficient increase with the progressive increase in Fe3O4 content in the case of both the
processing methods. The highest damping capacity is observed to be in Mg/3Fe3O4, which is the highest
damping capacity for magnesium nanocomposites recorded thus far, to the authors’ best knowledge.
The E-modulus is seen to decrease with increasing Fe3O4 content. Further, the time required to stop
the vibration (Figure 4) also decreased with increasing Fe3O4, revealing the excellent improvement
in the damping capacity of the materials with the addition of Fe3O4. It is to be highlighted that the
TID processing of the materials showed a significant improvement in the damping capacities and no
significant difference in the modulus values in comparison to the DMD samples. The highest recorded
damping capacity is for the Mg/3Fe3O4 (TID) nanocomposite whose damping capacity was 33% higher
than its DMD counterpart and 496% higher than pure Mg (DMD). This shows the TID technique as a
viable route to process the materials, especially to achieve materials with excellent damping properties.

The increase in damping capacity for the TID samples were attributed to higher porosity levels
(presence of air gaps in the materials) caused by compaction of turnings [25]. In addition, a prior
study has shown that for processing methods resulting in high porosity, the damping capacity of the
materials did indeed increase with porosity, as was done with spray-formed alloys [26] and porous
magnesium [27]. The attenuation coefficient is a measure of the dampening of the curve with time,
shown by the equation below ([28]):

A = Aoe−αt + C (1)

where Ao and A are the initial and current amplitude, respectively; t is elapsed time after removal of
external force; α is the apparent attenuation coefficient; and c is a fitting coefficient.

The attenuation coefficient is dependent on the resonant frequency and porosity of a material.
The attenuation coefficient increased with Fe3O4 content, which implies that Fe3O4 nanoparticles can
be used as dampening agents or reinforcements to magnesium and can find application in electronic,
aerospace, and other engineering sectors [29].

Further, the elastic modulus of the nanocomposites, which is very critical for both engineering
and biomedical applications, is seen to be marginally higher than that of Mg, i.e., ~46–49 GPa for
all nanocomposites. Further, in engineering applications, stiffness is required at a minimum weight.
With these materials exhibiting light weight and higher stiffness than Mg, they are well suited for
engineering applications. Further, with densities and an elastic modulus fairly close to bone, the elastic
mismatches between implants and bone can be eliminated with the use of these bio-compatible Mg
nanocomposites [30].
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Table 4. Damping property results of Mg-Fe3O4 nanocomposites with respect to processing methods.

Nanocomposite Processing
Method

Attenuation
Coefficient Damping Capacity Frequency

(Hz)
E-Modulus

(GPa)

Mg

DMD

5.71 0.000291 6567.95 45.36
Mg/1Fe3O4 14.82 0.000410 ± 0.000048 10528.4 49.58
Mg/2Fe3O4 19.93 0.000673 ± 0.000179 10286.6 46.92
Mg/3Fe3O4 23.62 0.001303 ± 0.000143 10131.5 46.05

Mg/1Fe3O4
TID

15.57 0.000453 ± 0.000027 10409.3 48.70
Mg/2Fe3O4 18.81 0.000690 ± 0.000022 10372.1 46.31
Mg/3Fe3O4 19.19 0.001735 ± 0.000206 10195 46.85
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3.3. Mechanical Properties (Compressive Properties)

Figure 5 show the results of the compressive tests. The addition of Fe3O4 increased the yield and
ultimate strengths, and the highest was observed for the Mg/2Fe3O4 nanocomposite, processed using
the DMD method. The stress–strain plots (Figure 5), however, showed that Fe3O4 presence lowers
ductility and energy absorbed compared to pure Mg. Progressive addition of Fe3O4 increased strengths
but at the cost of lowering maximum deformation and forces sustained. TID processing generally
exhibited higher strengths over DMD counterparts, with the ultimate compressive strength not showing
significant change. Overall, Figure 5 reveals that the TID method improved yield strengths in the
nanocomposites. Further, the nanocomposites processed using the TID method were found to have
increased ductility and fracture strain over DMD counterparts, indicating TID to be a favorable route
for materials with superior strengths and ductility.

The significant change in properties corresponds to the microstructure, i.e., presence of grains
and nanoparticles. As the grain sizes were still in the micron range, the Hall–Petch relationship
stands true for these materials, whereby reduction in grain sizes results in improvement of mechanical
strength without sacrificing ductility [31,32]. Effective grain hardening can be achieved by reducing
grain size within the microstructure [33]. Smaller grains will have a larger chance of hindering the
dislocations at the grain boundary due to the increase grain boundary area [34]. Further, the TID
technique helped lower the grain size further, due to the prior induced deformation in the materials.



Metals 2019, 9, 1225 9 of 14

Thus, the TID materials demonstrated improved strengths and ductilities due to the reduction in
the grain size [35]. Previous studies on solid-state recycling of Al-based alloys showed resulting
extrusions with high ductility [14], which aligns with the findings from this work where the materials
with TID showed higher ductilities. The presence of nanoparticles also plays a significant role on
the properties. With the increase in the content of nanoparticles, the strengths increased initially and
dropped when the nanoparticles % was increased from 2% to 3%. This is due to the agglomeration of
nanoparticles to form clusters of sub-micron to micron length scale which hampers the strength of the
nanocomposite [7]. Thus, overall, the Mg/2Fe3O4 nanocomposite is seen to be the best in terms of the
strength and ductility in both DMD and TID conditions.
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Figure 6 shows the SEM images of all fracture surfaces showing the extent of plastic deformation
undergone by the nanocomposites. All the nanocomposites are seen to undergo compressive failure by
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3.4. Ignition Properties

The results of ignition temperature measurement using thermogravimetric analysis is given in
Table 5. The addition of Fe3O4 content increases the ignition temperature and the highest ignition
temperature is recorded for the Mg/3Fe3O4 nanocomposite (DMD) with an ignition temperature of
about 635.2 ◦C. There is no significant difference observed in the ignition temperatures recorded for
the Mg/2Fe3O4 and Mg/3Fe3O4 processed via the DMD technique. A 2% addition of Fe3O4 can help in
raising the ignition temperature by 45 ◦C. Although, the same trend of increase in ignition temperature
with addition of Fe3O4 is observed in the materials processed by TID, the relative ignition temperatures
values show a slight drop in ignition temperatures compared to their counterparts processed by DMD.

Table 5. Ignition test results of Mg–Fe3O4 nanocomposites with respect to processing methods.

Nanocomposite Processing Method Ignition Temperature (◦C)

Mg

DMD

590
Mg/1Fe3O4 630.6
Mg/2Fe3O4 635.0
Mg/3Fe3O4 635.2

Mg/1Fe3O4
TID

625.4
Mg/2Fe3O4 633.1
Mg/3Fe3O4 632.2

The nanocomposites used have already displayed a marked improvement in ignition temperature
when compared to pure Mg which auto-ignites at 473 ◦C [36] and ignites in air under a constant
heating rate of 590 ◦C. This is likely caused by the presence of the Fe3O4 nanoparticles which are
thermally stable and provide insulating effects to the Mg matrix surfaces by hindering heat transfer at
some points, much like other oxides such as Y2O3, as has been explored previously [37]. This results
in elevating the ignition temperatures as Fe3O4 content increases. The TID nanocomposites were
found to have relatively lower ignition temperatures due to the presence of higher porosity in the
materials processed by the TID technique [15,38]. Better resistance to ignition is due to the formation
of a relatively compact oxide layer (MgO) during oxidation that delays the further diffusion of oxygen
towards Mg, prolonging the onset of ignition. With the presence of increasing porosity, the surface
area exposed increases and the oxide layer is disrupted, thereby decreasing the ignition temperature.
However, the TID method comes at the cost of lowering ignition temperature by only a marginal extent
as compared to the DMD processing method.

3.5. Bio-Immersion Studies

The weight change in the nanocomposite samples due to immersion vs. the time of exposure of
the samples (in hours) is depicted in Figure 7. The samples were immersed in HBSS solution which
was maintained at normal body temperature of 37 ◦C. Mg/2Fe3O4 (DMD) displayed the least weight
change and highest resistance to bio-corrosion among all the materials. TID processed materials
show increasingly higher weight change due to immersion with higher Fe3O4 content. The significant
weight loss in the materials subjected to immersion indicates that the materials exhibit lower corrosion
resistance [39]. Due to the very high rate of weight change, TID materials failed to survive immersion
tests past 8 h and completely dissolved in the solution.

The TID samples dissolved and disintegrated very quickly relative to DMD samples, despite the
same composition due to presence of high porosity levels in the TID samples [40]. Materials with
higher porosity corrode very rapidly, as a larger area of the material surface is exposed to the
corrosive environment. Further, the residual strains in the TID materials due to the prior induced
deformation could also be responsible for faster degradation of the nanocomposites in the corrosive
media. The behavior of the samples processed using the same technique was different because
of the difference in the content of Fe3O4 nanoparticles, which affected the microstructure of the
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nanocomposites. The Mg/Fe3O4 composites (DMD) however showed a similar trend of weight
change compared to a significant weight change in Mg/ Fe3O4 (TID) composites. This was due to
the porosity as well as residual strains induced during the TID process. Thus, TID materials result
in quicker corrosion-induced-degradation when compared to DMD materials which is a drawback
of this technique. However, porous Mg materials are desirable when used as implants due to the
high biocompatibility and biodegradability of Mg [41]. Hence, further efforts need to be made in this
direction to have a controlled degradability of the TID nanocomposites. Furthermore, future research
in this field can involve experimentation with varying processing conditions, such as variation of
turning parameters (depth of cut, feed rate, turning speed), comparison between materials produced
by consolidation of turnings and consolidation of commercially-produced metal powders, as well as
nanocomposite/nanoparticle variations to under the effects of the TID process.
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4. Conclusions

This work aimed at synthesizing bio-compatible, superparamagnetic Fe3O4 nanoparticles to a
magnesium matrix through the disintegrated melt deposition technique as well as turning-induced-
deformation techniques. The following are the conclusions of this work.

1. The addition of Fe3O4 nanoparticles significantly enhances the damping capacity of the magnesium
matrix and the highest ever damping capacity was recorded for the Mg/3Fe3O4 nanocomposite.

2. Further, Fe3O4 assists in improving the mechanical, ignition, and bio-corrosion response of
magnesium and the best composition for the overall combination of properties was seen to be
Mg/2Fe3O4 (DMD) which exhibited the lowest grain size.

3. The turning-induced-deformation (TID) method results in higher porosity as compared to the
DMD method, due to which the TID nanocomposites display relatively poor ignition and
bio-corrosion resistance.

4. In view of the physical and mechanical properties, the TID technique is not only economically
viable and energy efficient, but also results in improvements of properties such as damping
and strength.
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5. Hence, the proposed TID method allows for the opportunity to directly utilize otherwise discarded
metal swarf without a need for remelting, greatly reducing wastage as well as increasing the
proportion of metal used overall towards finished products in large-scale industrial production.
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