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The new magnesium matrix composites reinforced with different weight
fractions (0, 4, 8, 12) of TiO, particles are fabricated by powder metallur-
gy. The ball milled powders are compacted and sintered for further me-
chanical and characterization studies. With the increasing weight per-
centage of TiO, particles, the particles gradually show more homogeneous
distribution in the matrix. Compared with the matrix, the compressive
strength of the composites is improved. With the increasing TiO, contents
from 0 to 12% wt., the ultimate compressive strength increases from 82
to 158 MPa, respectively, while the corresponding strain decreases. The
improvement of the ultimate compressive strength and hardness of the
Mg-TiO, composites is due to the homogeneous microstructure of TiO, in
Mg matrix. Energy dispersive X-ray spectroscopy and scanning electron
microscopy are used to study the morphology and distribution of rein-
forcements in the matrix material. An identical distribution of TiO, parti-
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cles is obtained throughout the matrix in the Mg—TiO, composites.

Key words: magnesium based composites, microstructure, mechanical
properties, powder metallurgy.

HoBi KomMmosurriiini mMarepiajaum 3 MartHieBO0 MaTpuUIlelo, 3MiITHEHI JYacTHH-
kamu TiO, pisHumx macoBux uyactok (0, 4, 8, 12), BUroTOBIAAINCA METOLOM
mopoImikoBoi meranyprii. Ilopomku, oTpuMaHi B KYJbOBOMY MJIMHIi, YIIMiJb-
HIOBAJIUCS Ta CIIKaAJJUCS IJIA IOJAJbIITOTO0 BUBUEHHS MEXaHIUHUX BJIACTHBO-
creil i xapakTepucTuk. 3i 36iJMbIIEHHAM MacoBOro Bimcorka uyactuHOK TiO,
BOHM JIEMOHCTPYIOTH IIOCTYIOBO 3POCTAOUy OIHOPiAHICTH iX po3momizy B
marpuii. MinmHicTh Ha CTHCK KOMIIOSUTIB IIOKPAIIyEThCA B HOPiBHAHHI 3
marpurieto. IIpu 36inbmrenni smicty TiO, Big 0 mo 12% wmac. meka minHocTi
IIpY CTUCHEHHIi 30inabinyeThesa Bigmoiguo 3 82 mo 158 MIla, mpu 1mboMYy Bi-
OIoBigHA gedopmMallid 3MEHIIYETLCSA. SPOCTAHHSA MeXXKi MiIHOCTI mpu cTuHC-
HeHHiI i TBepmocti KommosutiB Mg—TiO, 00yMOBJIeHO OZHOPiZHOIO MiKpO-
ctpykTypoio TiO, B maruiesiit marpuni. Eneprogucnepciiina peHTI'eHiBCbKa
CIIEKTPOCKOIIiA i CcKaHylua eJeKTPOHHA MiKpPOCKOMisi BHKOPUCTOBYIOTHCS
IS BUBUEeHHSA MopdoJorii i posmominy 3sMiIlHIOI0OUOTO MaTepiaay B MaTpPHIIi.
OpzakoBuil posnozin uactok TiO, 6yiao oTpuMaHO HO BCi#i MaTpuii B KoM-
nosurax Mg-TiO,.

KarouoBi ciroBa: KOMIO3UTH Ha OCHOBI MarHiio, MiKpPOoCTPYKTypa, MexaHiuHi
BJIACTUBOCTI, IIOPOIIIKOBA METAJypTis.

HoBble KOMIIOBMIIMOHHBIE MATEpPHUAJbl ¢ MArHUeBOW MAaTPUIIEH, YIIPOUHEH-
Hble yactunamu TiO, pasamyHbIX MaccoBwIx moneit (0, 4, 8, 12), msroras-
JUBAJKACH METOAOM IIOPOMIKOBOII MeTaynypruu. llopomiu, mojgydyeHHBIE B
IIaPOBOII MEJbHUIE, YIJIOTHAJINCH U CIEKAJUCh AJS JaJbHEHIIero mayde-
HUSA MEXaHWYEeCKUX CBOMCTB M xapakTepucTuk. C yBeJmueHHEM MacCOBOTO
mpoueHTa yactull, TiO, OHM AEMOHCTPUDPYIOT IOCTEIIEHHO BO3PACTAIOIIYIO
OIHOPOTHOCThL MX pacupefeeHusa B Marpuie. IIpouHOCTh Ha ciKaTue KOM-
TMO3UTOB YJYUIIIAeTCs MO CPaBHEHWIO ¢ MaTpuiieit. IIpu yBeaudeHUU KOJIU-
yectBa TiO, or 0 10 12% wmacc. mpeges MPOYHOCTH HPU CHKATUY yBEJIUUNBA-
ercss coorBeTcTBeHHO ¢ 82 mo 158 MIla, npu 3TOM COOTBETCTBYIOIIASA [e-
dopmalrusi yMeHbIIaeTcs. YJyUIllleHne Mpejesa MPOYHOCTU IPU CXKATUU U
TBépHocTu Kommo3utoB Mg—TiO, 00yciiOBI€HO OJHOPOJHOU MUKPOCTPYKTY-
poit TiO, B MmarHumeBo#l Marpuile. JHEPTOANCIEPCUOHHAS PEHTTEeHOBCKAS
CIEKTPOCKONUA U CKAHUPYIOIIasd JJIeKTPOHHAA MUKPOCKOMIUS WCIOJIb30Ba-
JUCh AJiA U3yUYeHuss MOP(OJOTUU U PacIpelesieHUs YIPOUHAIOIeTO MarTe-
puana B marpurne. OnmHakoBoe pacupenenerHue yactull TiO, ObLI0 mOTyUYeHO
mo Bceit maTpuiie B komnosutrax Mg—TiO,.

KaroueBble ciioBa: KOMIIO3UTHI HAa OCHOBE MarHus, MHKDPOCTPYKTypa, MeXa-
HUYeCKUe CBOMCTBA, MMOPOIIKOBAA METAJIYyPTrUs.
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1. INTRODUCTION

Composite materials are promising essentially in response to the ex-
ceptional demands of technology due to rapidly advancing activities
in aircrafts, aerospace and automotive industries [1]. These materi-
als have low specific gravity that makes their properties, particular-
ly superior in strength and modulus to many traditional engineer-
ing materials such as metals [2]. As a result of intensive studies in-
to the fundamental nature of materials and better understanding of
their structure property relationship, it has become possible to de-
velop new composite materials with improved physical and mechani-
cal properties. These new materials include high performance com-
posites such as Polymer matrix composites, Ceramic matrix compo-
sites and Metal matrix composites [3].

MMCs have inducing a powerful concentration in topical times
for possible applications. MMCs have very less weight, elevated
strength, and stiffness and exhibit greater resistance to corrosion,
oxidation and wear. For automotive application, the fatigue re-
sistance is an essential property of Magnesium based metal matrix
composites (Mg—MMC). Because their superior properties such as
high strength to weight ratio, high hardness, superior wear and
corrosive resistance, high temperature and thermal shock re-
sistance, high specific modulus, high fatigue strength has been im-
proved.

Magnesium has the potential to replace steel, aluminium alloy,
and plastic-based materials. Initially, due to the high price, there
were limited applications of magnesium alloy. But recently, the in-
terest in magnesium alloys has increased because of the gradually
decreasing cost of magnesium alloys. Magnesium alloys have better
solidification characteristics over other cast metals such as copper
and aluminium alloys [4]. The addition of reinforcement of magne-
sium and its alloys improves its strength, and stiffness. These ma-
terials have very low flexibility compared with other materials and
hence limit its broad applications [5—8].

Magnesium is lighter in weight than aluminium and titanium [9].
Casting technologies are being inadequate for the manufacture of
materials, since those materials have structural defects as explained
elsewhere [10].

From the literature review, it is concluded that Mg composites
with the intrinsic compensation of the metal casting process, capit-
ulate to provide the product. A number of efforts have been made
to explore the effects of reinforcements on the mechanical, the
tribological and the microstructural behaviour of magnesium. Ini-
tially, reinforcements in the form of carbides (SiC, B,C, ZrC, TiC),
borides (ZrB,, TiB,), nitrides (TiN, ZrN, BN, AIN), and metals (Mo,
Cu, Ti, Ni) were added to magnesium [11-15].
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In the available literature, one cannot find reports on attempts to
study the effects of primary processing techniques, on the micro-
structure and tribological properties of TiO, reinforced magnesium
composites [16]. This research paper is to elaborate a novel ap-
proach to the synthesis of Mg—TiO, by ball milling and the effect of
TiO, reinforcements on structural and mechanical properties.

2. EXPERIMENTAL DETAILS

Magnesium powder of 99.8% purity supplied by Kemphasol, Mum-
bai, India was used for the matrix material and TiO, (rutile) pow-
ders supplied by the Acechemie (India) were used as the reinforce-
ment material.

The SEM image of the as received Mg powder and TiO, powders
are shown in Fig. 1, a—d to understand the morphology of powders.
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Fig. 1. SEM and EDS images of Mg (a, b) and TiO, powders (c, d).
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Fig. 2. Punch and die (a). Compaction process setup (b).

The figure shows the absence of forged diffraction, which indicates
the crystallographic purity of the material.

TiO, is blended with matrix material in the weight percentages to
yield the different composites such as, Mg-0% wt. TiO,, Mg—4%
wt. TiO,, Mg—-8% wt. TiO,, and Mg—12% wt. The required mass of
Mg and TiO, were accurately weighed in an electronic weighing ma-
chine and blended in a ball mill for 2 hours to get uniform mixture
of composite powders. The balls and powder weight ratio of 10:1
with the speed of 100 rpm.

The time period was 2 hours and the furnace cooling was done on
the green samples. SEM was used to analyse the microstructure of
the composites. EDS analysis was done to ensure the compositions.

The hardness measurements were done on the polished samples
using a Brinell hardness tester. The specimens for compression tests
were prepared as per ASTM E9 standard and the computerized UTM
was used to determine the compressive strength of the composites
at room temperature.

g-0 wt. % TiO

Fig. 3. Compacted Mg and Mg—4% wt. TiO, reinforced composite samples.
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3. RESULTS AND DISCUSSION
3.1. Characterization of Composite Powders. SEM Investigations
SEM photograph of the as-prepared mixture of Mg and TiO, powder

particles in various weight percentages are shown in Fig. 4, a—c. It
can be seen that the TiO, particles distributed evenly within the Mg

Fig. 4. SEM images of Mg—TiO, composite powders (a—f).
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matrix. An agglomeration of TiO, in the mixture is not found.

Figures 4, a and b show the SEM image of Mg—-4% wt. TiO,
mixed composite powders and it illustrate the uniform distribution
of TiO, powder particles in Mg matrix. It can be also seen, that the
uniform distribution of TiO, in Mg composite blends in Fig. 4, b.
From Fig. 4, ¢ and d, it can be also observed that the cold welding
mechanism of matrix and reinforcement during the mechanical al-
loying. Figures 4, e and f show the presence of more weight per-
centages of TiO, particles in the matrix and this will enhance the
mechanical properties of the composite samples. The uniform distri-
bution of particles observed even though the weight percentage of
the reinforcement is high (12% wt.).
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Fig. 5. EDS analysis of Mg-TiO, composite powders: Mg—4% wt. TiO, (a);
Mg—-8% wt. TiO, (b); Mg—12% wt. TiO, (c).
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3.2. Characterization of Composite Powders. EDS Investigations

Compositional analysis of the Mg and TiO, milled composite pow-
ders were analysed by energy dispersive analysis using EDS. The
peaks corresponding to the Mg and TiO, are shown in Fig. 5 for the
Mg and TiO, milled composite powders. The large number of peaks
with highest intensity is pertained to Mg which confirms the major
contents. The observed weight percentage of titanium-di-oxide con-
tent reveals that, it is well incorporated into Mg matrix. Figures 5,
a—c show the EDS analysis of Mg-4% wt. TiO,, Mg—8% wt. TiO,,
and Mg-12% wt. TiO, composites, respectively. From these results
it is observed that the change in the intensity of peak for the in-
crease in weight percentage of titanium dioxide content in the mag-
nesium matrix.

3.3. Properties of Mg—Ti0, Composites

3.3.1. Effect of TiO, on the Density and Porosity
of Mg Matrix Composite

Figure 6 shows the effect of TiO, addition on the density of Mg
composite. The density of Mg without the addition of TiO, is only
about 1.69 g/cm?® The density increases with increase of doping
amount from 4 to 12% wt. of TiO,. The reason for the increase in
density is due to the addition of high density reinforcement in the
low density matrix materials. Proper mixing of matrix and rein-
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Fig. 6. Effect of TiO, addition on the density of Mg matrix composite.
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forcement and sintering of the samples ensure the increase in densi-
ty of the composite samples than the pure matrix material.

Irrespective of the particle size, the porosity of the composite is
observed to be increasing with the increase in the weight percentage
of the addition of TiO, particles in Mg matrix is shown in Fig. 7.
The proper milling parameters make the TiO, particles to disperse
uniformly in the magnesium matrix. However the different density
of matrix and reinforcement particles leads to increased porosity
with the increase in weight percentage of reinforcement [17]. The
size of the TiO, particle is less than the matrix particle size. Hence
the reinforcement particles occupy the pores and enhancing the
density of the composite for increasing weight percentage of the
TiO, particles.

3.3.2. Effect of TiO, on the Hardness of Mg Matrix Composite

Figure 8 shows the hardness of Mg matrix reinforced with different
weight fractions of TiO,. It can be seen that the hardness of Mg-—
TiO, increases with an increase in the amount of TiO,, maximum
hardness was 74 BHN and it resulted from the sample containing
12% wt. of TiO, particles. This may be due to incorporation of TiO,
particles, which mired the movement of matrix dislocation in the
composite leading to increased strength and hardness. Also the
hardness of TiO, powders is more if compare with the hardness of
Mg matrix material. The addition of a hard nature of TiO, into the
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Fig. 7. Effect of TiO, addition on the porosity of Mg composite.
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soft Mg matrix increases the hardness of the composite. This hard
TiO, particles resist the ball indentation during the testing.

3.3.3. Effect of TiO, on the Compressive Strength
of Mg Matrix Composite

Micron sized particles are normally used to improve the metal ten-
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Fig. 8. Effect of TiO, addition on the hardness of Mg composite.
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sile properties. However, the ductility of the composite declines
significantly with an increase in weight fractions of TiO,.

The stress—strain behaviour of all samples has been tested is
shown in Fig. 9. The Figure shows that the ductility decreases with
further increase in reinforcement weight percentage. It is apparent
that there are two factors influencing the strength of the compo-
site: (1) the reinforcing particles, increasing the strength of the
material by simply load transfer, which depends on the integrity at
the particle/matrix interface and dislocation motion; (2) the inhibi-
tion of plastic relaxation at the particle/matrix interface [18]. In
this study, the uniform distribution of TiO, particles in Mg matrix
leads by the lower air gaps between grains resulting from the low
degree of porosity using powder metallurgy route. The low degree
of porosity is causing the great enhancement in compressive
strength. The strong multi-directional grain refinement and ther-
mal stress also play a great role in improving the strength of the
Mg/TiO, composites. The grain refined strengthening effect of the
TiO, particles is improved with the increases in weight fraction due
to they act as the heterogeneous nucleation catalyst for the matrix
[19, 20]. The weakening factors of the mechanical properties might
be the reason for this including the porosity.

Figure 10 shows the compressive strength of Mg and TiO, rein-
forced Mg matrix composites. The increase of compressive strength
of the composite at room temperature along with an increase in the
TiO, particles from 4 to 12% wt. has been noted. The measured
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Fig. 10. Effect of TiO, addition on the compressive strength of Mg compo-
site.
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maximum compressive strength of the composite sample was 160
MPa at 12% wt. of TiO,. According to the experimental results, a
significant enhancement in strength is noted initially when the TiO,
particulate is added; however, the further increase in the amount of
TiO, particles leads to an improvement in strength values.

4. CONCLUSION

Mg-TiO, composites were effectively manufactured through ball
milling and powder metallurgy method and effects of TiO, on the
properties and microstructure were studied. The following conclu-
sions were drawn from the above experimental investigations; SEM
images of ball milled Mg matrix composite powders show the ho-
mogenous distribution of the TiO, in the matrix. The inclusion of
TiO, in magnesium matrix increases the density and increase the
porosity. The EDS patterns of the milled composite powders confirm
the occurrence of the Mg matrix and TiO, reinforcement phase.
SEM analysis of milled composite powders evident the uniform dis-
tribution of reinforcement in the matrix. The improved hardness
and compressive strength were obtained for the addition of 12% wt.
of TiO, in Mg matrix for sintered samples.
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