Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

ORIGINAL ARTICLE

Fabrication and Characterization of Mg-Zn Alloys Reinforced
with Carbon Nanofiber for Orthopaedics Implant Application:
A Study on the Different Compositions

Muhammad Al Kahfi Edrus', Muhammad Sallehuddin Mohd Azman', Herman Tuminoh', Ahmad Kafrawi
Nasution?, Muhammad Hanif Ramlee'?

! Bioinspired Devices and Tissue Engineering Group (BIOINSPIRA), School of Biomedical Engineering and Health Sciences,
Faculty of Engineering, Universiti Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia.

2 Department of Mechanical Engineering, Faculty of Engineering, Muhammadiyah University of Riau, Pekan Baru, Riau 28294,
Indonesia.

?* Medical Devices and Technology Centre (MEDITEC), Institute of Human Centered Engineering (iHumEn), Universiti
Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia.

ABSTRACT

Introduction: Biodegradable materials, such as Mg-based, Fe-based, and Zn-based, bring as much attention as
bone-implant materials due to its biocompatibility and biodegradability characteristics. Among them, the Mg is the
most abundant elements in human body and primarily found in the bones. However, the Mg has a lower mechanical
properties and resistances to fracture compared to the other biodegradable and non-biodegradable metals. Therefore,
the aim of this study was to develop a possible biodegradable material made of Mg-Zn alloys reinforced with carbon
nano fiber (CNF) and later tested with several testing procedures. Methods: The powder metallurgy method (PM) was
utilized to fabricate a total of 24 samples of Mg-Zn alloys reinforced with 1.0%wt, 1.2%wt, 1.4%wt, 1.6%wt, 1.8%wt
and 2.0%wt of CNF. The PM method was involved with the process of grinding using ball milling, compaction under
400MPa pressure and sintered under 400 °C. Compression testing was done to measure the mechanical strength
meanwhile scanning electron microscope (SEM) and energy-dispersive X-ray spectroscopy (EDS) was used to identify
the microstructural of samples. Results: From this study, it was found that Mg-Zn alloys with 1.6 wt% of CNF produce
the highest Young's modulus (2687.91MPa) with acceptable yield strength (84.91MPa). For microstructural analysis,
the results showed a compact surface for 1.2, 1.4 and 1.6 wt% of CNF and non-homogeneous structure of all the
samples. Conclusion: In conclusion, this study has successfully shown the promising use of Mg-Zn-CNF composite as
new materials for implant in terms of suitable strength and structure.
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INTRODUCTION

It is commonly known that magnesium (Mg) and
its alloys have been well known as one of the most
promising biomaterials for biomedical application in
medical practitioners (1). This is due to the fact that Mg
alloys strongly show biodegradable and bioabsorbable
properties, plus it is safe to be used in human body with
minimum side effect (2). When the Mg alloys is placing
inside the human body, it should be noticed that this
material can be degraded in many ways such as through
protein interaction with Mg, electrochemical reaction
(3), alloy compositions (4) and surface conditions (5).

potential infections and additional pain for patients (6).
However, the yield strength of Mg alloys of 170 MPa
is less favourable in terms of mechanical properties
compared to that other non-biodegradable materials
used in clinics and hospitals (7). Even though the use of
Mg alloys as a potential material for the human implant
body was preferable, but it has a poor mechanical
performance particularly in orthopedics applications
(8,9).

One of the most favourable methods to increase the
mechanical properties of Mg alloys is to incorporate
reinforcement particle into the components of Mg alloy
(10). The reinforcement particles are used to increase
the strength and also enhance the corrosion resistance
of the composite (11-14). Nowadays, carbon particle is
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a versatile element and usually used as a reinforcement
particle for metal alloy due to their ability to increase the
mechanical properties of any materials (15). In general,
the use of nanoparticle such as carbon nanofibers (CNF)
as a reinforcement particle is one of possible solutions in
increasing the strength of a metal matrix (14). According
to Orawan model (16), the Orawan strengthening
effect will be increased by reducing the particle size
of a composite. It is also reported the effect could
significantly increase when CNF particles increased,
at the same time the resistance to fracture (17) and the
microhardness (18) were also increased. Moreover, it has
a great potential as reinforcement particle due to their
high surface area to volume ratio, nanoscale diameter,
and mechanical properties (14,15). On top of that, the
CNF is additionally is an animate elements of collagen
fibrils (0.1— 8 pm in distance across) in the bone which
helps in its regeneration.

The current biodegradable materials for orthopaedics
implants such as iron based (19,20), zinc based (21-23)
and Mg based (24,25) are not yet incorporated with the
CNF element. Therefore, a fundamental study is needed
to investigate the potential of CNF element that mixed
with Mg alloys for developing a potential biodegradable
and bioabsorbable implant that comprise with optimum
mechanical strength. In this recent study, a development
of Mg-Zn alloys with six different compositions of CNF
was conducted and later was analysed via compression
test, scanning electron microscopy (SEM) and energy-
dispersive x-ray spectroscopy (EDS). Our hypothesis is
that the reinforcement of CNF to Mg-Zn alloys could
improve the mechanical performance by increasing
Young’s modulus and compressive yield strength of that
materials.

MATERIALS AND METHODS

Synthetisation of Mg-Zn reinforced with CNF

Powder metallurgy is a synthesising process composed
of three main processing steps including the ball mills,
compacting the mixture into a mold, and then sintering.
First, all the powder is mechanically ground using ball
mills. Next, the powder is compacted. To achieve the
same compression ratio across more complex pieces, it
is often necessary to use lower punch and upper punch.
Finally, near its melting point, the compacted powder is
exposed to high temperature called sintering.

At first, carbon nanofiber (CNF) with different
compositions (1.0, 1.2, 1.4, 1.6, 1.8 and 2.0 wt. %) were
dissolved in absolute ethanol using ultra sonication for
1 hr. At the same time, Mg-Zn powders were mixed in
absolute ethanol using mechanical agitator. Next, the
CNF solution was dropped into the Mg-Zn powder
slurry and obtained a composite. The composite mixture
was further mixed for 30 min to obtain the homogeneity.

The mechanical agitated composite was then filtered and

vacuum dried at 60°C for 12 hr. In order to increase the
bonding between CNF and Mg-Zn matrix, the composite
have been undergone mechanically milled using high-
energy Fritsch Pulveristte P-5 planetary mill (250 RPM, 4
h) under argon atmosphere, where 20 mm stainless steel
balls were used during the process. The milling process
was paused for 6 min after every 15 min. The stainless-
steel mold was loaded with weighted composite powder
mixture. The mold and punch set-up were placed on an
Instron machine with 400 MPa compaction pressure for
5 minute holding time (26). Next, the composite was
placed inside the tubular furnace and underwent 4 hours
of solid state sintering in inert (Argon) atmosphere using
Compact Split Tube Furnace BS-1200-50X (27). Before
sintering process can start, the argon gas was flow to the
tube furnace for 15 minutes in order to ensure there was
no pollution and oxygen inside the tube.

Characterisation of Mg-Zn reinforced with CNF

The microstructural analysis for the Mg-Zn alloys
reinforced with CNF was performed using Scanning
Electron Microscopy (SEM), TM 3000 model. Once
the location of the composites was fulfilled with the
condition of the specifications, they were placed in
the chamber of SEM. To allow its output, the SEM was
evacuated, then the specimen was magnified with 15kV
electron shooting in the methodical mode under 50X.

The mechanical properties of Mg-Zn alloys reinforced
with CNF, in terms of Young's modulus and yield
strength were measured through the compression test.
It was performed at room temperature with a speed rate
of 2.00 mm/s according to the ASTM E9-2009 standard
(28). Atriplicate of each composition (1.0, 1.2, 1.4, 1.6,
1.8 and 2.0 wt. %) was tested to obtain the average result.
The dimension (height x diameter) of every sample was
approximately 5 x 10 mm.

RESULTS

Microstructural Analysis

The microstructural and surface comprehension of
Mg-Zn alloys with CNF was investigated. Figure 1(a-
f) shows SEM images for all compositions of the Mg-
Zn alloys reinforced with CNF. Based on the figures,
the compounds possessed some non-homogeneous
microstructural  properties.  These heterogeneous
structures show the diversity composition that existed in
the composite with different compositions of the CNF.
The addition of CNF to the composite effect the surface
morphology of the samples. However, at low and high
percentage of CNF, no significant differences were
spotted, as shown in Figure 1(a), (e) and (f). Based on
these images, it was found that the samples are not well
compacted and pores. This may lead to a weak bonding
between particles and will affect the mechanical strength
of composites. The opened crack surface presents in
these images will render the composites low mechanical
properties. Whilst, image (b), (c) and (d) shows smoother
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Figure 1: The morphology of Mg-Zn reinforced with (a) 1.0wt%, (b) 1.2wt%, (c) 1.4wt%, (d) 1.6wt%, (e) 1.8wt% and (f)
2.0wt% of CNF under 50X SEM magnification. All the samples were polished using silicon carbide paper before the SEM analysis.

surfaces and containing less pore compared the others.

Figure 2(a-f) shows the specific elements inside the
composite from EDS analysis. The height peaks in EDS
diagram show the quantification of each elements
concentration that are present in the composites.
Based on figures, there are three main elements in the
composite (Mg, Zn and CNF) where these can indicate
that there was no contamination occurring during the
fabrication of Mg-Zn alloys reinforced with CNF. All
elements released less than 2.0 keV of x-ray energy.
The peak of Mg element was the highest recorded and

also shows the highest percentage of weight measured
recorded followed closely by C and Zn. For all cases,
the Mg element released the highest energy of x-ray after
the electron bombarded the surface while C has emitted
the lowest x-ray energy. Other than that, the additional
of CNF into the lattice of the Mg-Zn alloys caused the
interfacial layer between Mg-Zn alloys and CNF. It
made C easily to detect and the distribution of CNF on
the surface is higher compared to Zn.

Strength analysis
Figure 3 shows the stress-strain curve of Mg-Zn alloys
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Figure 2: EDX analysis corresponding to Mg-Zn reinforced with (a) 1.0wt%, (b) 1.2wt%, (c)
1.4wt%, (d) 1.6wt%, (e) 1.8wt% and (f) 2.0wt% of CNF.
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Figure 3: Compression stress-strain curve for Mg-Zn alloys
with 1.0wt%, 1.2wt%, 1.4wt%, 1.6wt%, 1.8wt% and
2.0wt% of CNF respectively. The mechanical properties of
the strength Mg-Zn reinforced with CNF were measured by the
compression test according ASTM E9-2009 standard.

reinforced with CNF for different composition. The
findings from analysis found that all curves behave likes
ductile of metal properties. In general, the composites
were initially elastic and yielded with increased pressure
where the stress was remained on the plateau after
yielding point while the strain continued to rise until
ended with densification. For each composite, a triplicate
compression test was done and examined to obtain the
average and standard deviation of yield strength and
Young’s modulus. Based on the curves, 1.6 wt% CNF
showed the highest value of maximum stress while 1.0
wt% CNF was the lowest. Other than that, the stress-
strain curve for other compositions are lies in between
these two curves. Besides, the proportional limit elastic
zone of each curves is varying with increasing of CNF
content. Beyond this limit, all curves obey the Hooke’s
law. Based on Figure 3, 1.0 wt% of CNF recorded the
lowest area under the curve followed by 2, 1.2, 1.8, 1.6
and 1.4 wt% of CNF. It shows that 1.4 and 1.6 wt% of
CNF have highest ability to regain its original shape after
the force released. Moreover, 1.0 and 2.0 wt% of CNF
were recorded the lowest plastic zone area compare to
the other composites.

Figure 4 shows the average Young's modulus and yield
strength for all composites with different composition
of CNF. In general, the average Young's modulus value
was increased when CNF concentration increased
from 1.0 wt% (1478.97 MPa) to 1.2 wt% (2040.35
MPa), however it decreased when CNF concentration
increased from 1.2 wt% to 1.4 wt% (1809.74 MPa).
The increasing pattern was similar happened when
the CNF concentration increased from 1.4 wt% to 1.6
wt% (2687.9 MPa), unfortunately decreased again
substantially when the CNF concentration increased
from 1.6wt% to 1.8 wt% (1525.79 MPa). As the CNF
concentration is increased from 1.8 wt% to 2.0 wt%
(2104.12 MPa) Young's modulus show some increment,
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Figure 4: Young’s modulus and vyield strength of Mg-Zn
reinforced with 1.0wt%, 1.2wt%, 1.4wt%, 1.6wt%, 1.8wt%
and 2.0wt% of CNF respectively.

however, the yield strength continued to decrease. Based
on the figure, 1.6 wt% of CNF is the stiffest composite
compared the others due to the highest elastic modulus.
Obtained from our experimental results, an analysis of
maximal stress feature in a material without causing
plastic deformation was conducted to determine the
compressive yield strength. The 0.2 % offset method was
used to find the yield strength by choosing two arbitrary
points that can be assumed to be in elastic region. Based
on findings, a zig-zag pattern graph was obtained from
this analysis and 1.2 wt% of CNF recorded the highest
average compressive strength of 92.72 MPa compared to
the other composites.

DISCUSSION

It is found that the Mg-Zn alloys with 1.6 wt% CNF
exhibit the highest average Young's modulus (2687.90
MPa) and as the second largest average value of yield
strength (84.91 MPa) as compared to other compositions.
When the concentration of the CNF element is low
(e.g. 1.0 wt%), the material's strength would mainly
come from the Mg-Zn alloys and the weakening effects
of the Mg-Zn and CNF interfaces would dominate,
which resulted in strength decreased for the 1.2 wt%.
By increasing concentrations of CNF, the reinforcing
effect became increasingly important and overriding the
weakening effect of the interfaces of Mg-Zn and CNF.
The strength decreases from 1.6wt% to 2.0wt% should
be due to the agglomeration of CNF and unwell mixture
during the ball milling process. This can be observed
based on the reduction of weight percentages from
EDS results in a correlation with the depletion of CNF
composition from 1.6 wt% to 2.0 wt%, and this was also
reducing the yield strength. According to Preetkanwal
et al. (29), the percentage of reinforcement particle in
metal composite is depend on the rule of mixture. Based
on this approach, the more reinforcement particle in
a metal matrix may increase the elastic modulus of a
composite (30). However, a low and high percentage of
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CNF in Mg-Zn matrix in this study could be classified
as immoderate and could not be used in structural
application due to the unstable of composite to fulfil its
function (31,32). In other study conducted by Slipenyu
et al. (33) found that the excessive of silicone carbide
in aluminium matrix caused the bad adhesion between
reinforcement particle and the metal matrix. The rule
of mixture explained where it was due to the load not
effectively distributed and the mixture carry more load
(34). Therefore, the low and high percentage of CNF in
Mg-Zn matrix could be seen as not working properly and
the mixture are unstable.

In the fabrication process of CNF composites, the
reinforcing phase easily agglomerated. For a comparison,
the results from other studies on porous magnesium
composites combined with 1.5 wt% CNF has the highest
average yield strength (74 MPa) and the largest average
ultimate compressive stress (94 MPa) among the others
(35). Our findings are similar to that of results where the
maximum average strength was obtained for 1.6 wt%
CNF. As compared to other study, it is found that pure
Mg has Young's modulus of 1860 MPa (36) in which
much lower than our findings for 1.6 wt% CNF (2687.90
MPa). From this recent study, we found that the most
favourable option for the composition is 1.6 wt% CNF
where the Young's modulus was highest among others.
As reported by other studies, the highest modulus could
provide sufficient strength and stability for treating
fracture bone (37,38). However, all new materials that
have been developed by many researchers are having
less elastic modulus than natural bone (maximum of
23GPa) (36). This shows that more future studies are
needed to develop a strong material that similar to real
bone of human. In terms of yield strength, previous
published articles reported that for pure Mg, porous Mg-
1.5 wt% CNF and Mg-(4,6) Zn have the yield strength of
29.88, 74 and 100-235 MPa, respectively (27,35,36,39).
Based on recent studies, we found that the yield strength
of our composites was in range of 50 to 90 MPa (Figure
4) where these values are almost similar to other
biodegradable implants. In order to prevent from brittle
fracture of implant in human bone, a high yield strength
compared to the human bone is needed. The finding
from this study was quite similar to the previous studies
done by Caroline et al. (40) where they concluded that
the yield strength of femur bone for young people is at
110 = 30 MPa through compression test. Nevertheless,
the difference values may be due to fact that the
experiments conducted by them are not similar to that of
methods that we applied in this study. Some limitations
have been considered where there were only 6 different
compositions have been investigated. On top of that,
there were only three samples for each composition have
been tested using compression method. In the future
studies, it is suggested that five replicates measurements
can be performed to undergo strength analysis so that
the results might be more interesting (28).

CONCLUSION

Results from this finding showed that the carbon
nanofibers (CNF) can become a possible reinforcement
element to increase the strength of magnesium alloys
where the highest Young's modulus was 1.6 wt% CNF.
This shows that the study has been successfully meet the
main objective where to develop possible biodegradable
material for implant application. However, further
studies need to be investigated to prove and support the
findings.

ACKNOWLEDGEMENTS

This research is fully supported by the Fundamental
Research Grant Scheme (vote no. 5F135) under Ministry
of Higher Education Malaysia, Universiti Teknologi
Malaysia under Tier 2 Research University Grant (vote
no. 15J84) and The Ministries of Research, Technology
and Higher Education Republic of Indonesia through
Director of Research and Community Service with
contract number: 009/L10/AK.04/KONTRAK-
PENELITIAN/2019.

REFERENCES

1. Miao H, Huang H, Shi Y, Zhang H, Pei ], Yuan
G. Effects of solution treatment before extrusion
on the microstructure, mechanical properties and
corrosion of Mg-Zn-Gd alloy in vitro. Corros Sci.
2017 Jul 1;122:90-9.

2. Torroni A, Xiang C, Witek L, Rodriguez ED, Coelho
PG, Gupta N. Biocompatibility and degradation
properties of WE43 Mg alloys with and without heat
treatment: In vivo evaluation and comparison in a
cranial bone sheep model. ] Cranio-Maxillofacial
Surg. 2017 Dec 1;45(12):2075-83.

3. Zhao X, Shi LL, Xu J. Mg-Zn-Y alloys with long-
period stacking ordered structure: In vitro
assessments of biodegradation behavior. Mater Sci
Eng C. 2013 Oct;33(7):3627-37.

4. Johnson I, Liu H. A study on factors affecting the
degradation of magnesium and a magnesium-
yttrium alloy for biomedical applications. PLoS
One. 2013;8(6):€65603-e65603.

5. T Kraus. Magnesium alloys for temporary
implants in osteosynthesis: in vivo studies on
their degradation and interaction with bone. Acta
Biomater. 2012;12:1230-8.

6. Metsemakers W), Kuehl R, Moriarty TF, Richards
RG, Verhofstad MHJ, Borens O, et al. Infection
after fracture fixation: Current surgical and
microbiological concepts. Injury. 2018;49(3):511-
22.

7. Chen ), Tan L, Yu X, Etim IP, Ibrahim M, Yang K.
Mechanical properties of magnesium alloys for
medical application: A review. Vol. 87, Journal of
the Mechanical Behavior of Biomedical Materials.

Mal ) Med Health Sci 16(4): 252-258, Dec 2020 256



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

257

Elsevier Ltd; 2018. p. 68-79.

Xie G, Takada H, Kanetaka H. Development
of high performance MgFe alloy as potential
biodegradable materials. Mater Sci Eng A. 2016
Aug 1;671:48-53.

Sikora-Jasinska M, Mostaed E, Mostaed A,
Beanland R, Mantovani D, Vedani M. Fabrication,
mechanical properties and in vitro degradation
behavior of newly developed Zn Ag alloys for
degradable implant applications. Mater Sci Eng C.
2017 Aug 1;77:1170-81.

Parizi MT, Ebrahimi GR, Ezatpour HR. Effect
of graphene nanoplatelets content on the
microstructural and mechanical properties of
AZ80 magnesium alloy. Mater Sci Eng A [Internet].
2019;742(Journal of Alloys and Compounds 695
2017):373-89.

Ayatollahi MR, Shadlou S, Shokrieh MM. Fracture
toughness of epoxy/multi-walled carbon nanotube
nano-composites under bending and shear loading
conditions. Mater Des. 2011;32(4):2115-24.
Coleman J, Khan U, Blau W, K. Gun’ko Y. Small
but strong: A review of the mechanical properties
of carbon nanotube-polymer composites [Internet].
Vol. 44. 2006. 1624-1652 p.

Lu Y, Cueva MC, Lara-Curzio E, Ozcan S.
Improved mechanical properties of polylactide
nanocomposites-reinforced with cellulose
nanofibrils through interfacial engineering via
amine-functionalization. Carbohydr  Polym
[Internet]. 2015;131:208-17.

Sharma A, Priyadarshini A, Sujith R, Sankara
Subrahmanyam M V., Alen Thomas P, Gupta AK.
Effect of graphene nanopatelets incorporation
on microstructural and tribological properties of
aluminium metal matrix composites. In: ASME
International Mechanical Engineering Congress
and Exposition, Proceedings (IMECE). American
Society of Mechanical Engineers (ASME); 2019.
Zhang J, Lin T, Wang X. 4 - Carbon and polymer
nanofiber reinforcements in polymer matrix
composites: processing and applications. In:
Wei Q, editor. Functional Nanofibers and their
Applications. Woodhead Publishing; 2012. p. 55—
70.

Anderson PM, Li C. Hall-Petch relations for
multilayered materials. Nanostructured Mater.
1995 Mar 1;5(3):349-62.

Bortz DR, Merino C, Martin-Gullon 1. Carbon
nanofibers enhance the fracture toughness and
fatigue performance of a structural epoxy system.
Compos Sci Technol. 2011 Jan 1;71(1):31-8.

Bal S. Experimental study of mechanical and
electrical properties of carbon nanofiber/epoxy
composites. Mater Des. 2010 May 1;31(5):2406—
13.

Zheng YF, Gu XN, Witte F. Biodegradable metals.
Vol. 77, Materials Science and Engineering R:
Reports. Elsevier Ltd; 2014. p. 1-34.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hermawan H, Alamdari H, Mantovani D, Dubé D.
Iron-manganese: new class of metallic degradable
biomaterials prepared by powder metallurgy.
Powder Metall [Internet]. 2008 Mar 19 [cited 2020
Mar 31];51(1):38-45.

Capek J, Kubasek J, Pinc J, Manak ], Molndrova
O, Drahokoupil J, et al. ZnMg0.8Ca0.2 (Wt%)
biodegradable alloy — The influence of thermal
treatment and extrusion on microstructural and
mechanical characteristics. Mater Charact. 2020
Apr 1;162.

Asgari M, Hang R, Wang C, Yu Z, Li Z, Xiao
Y. Biodegradable metallicwires in dental and
orthopedic applications: A review. Vol. 8, Metals.
MDPI AG; 2018. p. 212.

Vojtéch D, Kub6sek J, Serbk J, Novbk P. Mechanical
and corrosion properties of newly developed
biodegradable Zn-based alloys for bone fixation.
Acta Biomater. 2011 Sep;7(9):3515-22.

Zhao D, Witte F, Lu F, Wang J, Li J, Qin L. Current
status on clinical applications of magnesium-
based orthopaedic implants: A review from clinical
translational perspective. Vol. 112, Biomaterials.
Elsevier Ltd; 2017. p. 287-302.

Razvan A, Horia O, Elisa P, Dan V, Adrian B.
Results of in vivo biological tests performed on a
Mg-0,8Ca alloy. Key Eng Mater. 2017;745:50-61.
De Mello JDB, Binder R, Klein AN, Hutchings IM.
Effect of Compaction Pressure and Powder Grade
on the Microstructure, Hardness and Surface
Topography of Steam Oxidized Sintered Iron. In:
Steels and Materials for Power Plants [Internet].
Weinheim, FRG: Wiley-VCH Verlag GmbH & Co.
KGaA; 2006. p. 248-54.

Zhang S, Zhang X, Zhao C, Li J, Song Y, Xie C, et
al. Research on an Mg-Zn alloy as a degradable
biomaterial. Acta Biomater. 2010 Feb;6(2):626—40.
ASTM E9-19 A. Standard Test Methods of
Compression Testing of Metallic Materials at Room
Temperature [Internet]. ASTM International, West
Conshohocken, PA. 2019

Bains PS, Sidhu SS, Payal HS. Fabrication and
Machining of Metal Matrix Composites: A Review.
Vol. 31, Materials and Manufacturing Processes.
Taylor and Francis Inc.; 2016. p. 553-73.

Xu H, Li Q. Effect of carbon nanofiber concentration
on mechanical properties of porous magnesium
composites: Experimental and theoretical analysis.
Vol. 706, Materials Science and Engineering A.
2017. p. 249-55.

Umasankar V. Experimental evaluation of the
influence of processing parameters on the
mechanical properties of SiC particle reinforced
AA6061 aluminium alloy matrix composite
by powder processing. ] Alloys Compd.
2014,582:380-6.

Priyadarshi D, Sharma RK. Effect of type and
percentage of reinforcement for optimization
of the cutting force in turning of Aluminium

Mal ] Med Health Sci 16(4): 252-258, Dec 2020



33.

34.

35.

36.

matrix nanocomposites using response surface
methodologies. ] Mech Sci Technol. 2016 Mar
1,30(3):1095-101.

Slipenyuk A, Kuprin V, Milman Y, Goncharuk
V, Eckert J. Properties of P/M processed particle
reinforced metal matrix composites specified
by reinforcement concentration and matrix-to-
reinforcement particle size ratio. Acta Mater. 2006
Jan 1;54(1):157-66.

Fujii T, Tohgo K, Araki H, Wakazono K, Ishikura
M, Shimamura Y. Fabrication and Strength
Evaluation of Biocompatible Ceramic-Metal
Composite Materials. ] Solid Mech Mater Eng.
2010;4(11):1699-710.

Xu H, Li Q. Effect of carbon nanofiber concentration
on mechanical properties of porous magnesium
composites: Experimental and theoretical analysis.
Mater Sci Eng A. 2017 Oct 26;706:249-55.

Cai S, Lei T, Li N, Feng F. Effects of Zn on

Mal ] Med Health Sci 16(4): 252-258, Dec 2020

37.

38.

39.

40.

microstructure,  mechanical  properties and
corrosion behavior of Mg-Zn alloys. Mater Sci Eng
C. 2012;32(8):2570-7.

Saini M, Singh Y, Arora P, Arora V, Jain K. Implant
biomaterials: A comprehensive review. World ]
Clin cases. 2015/01/16. 2015;3(1):52-7.

Sezer N, Evis Z, Kayhan SM, Tahmasebifar A, Ko3
M. Review of magnesium-based biomaterials and
their applications. ] Magnes Alloy. 2018;6(1):23-
43.

Chen J, Tan L, Yu X, Yang K. Effect of minor
content of Gd on the mechanical and degradable
properties of as-cast Mg-2Zn-xGd-0.5Zr alloys. )
Mater Sci Technol. 2019 Apr 1;35(4):503-11.
Llhman C, Baleani M, Pani C, Taddei F, Alberghini
M, Viceconti M, et al. Compressive behaviour
of child and adult cortical bone. Bone. 2011
Oct;49(4):769-76.

258



