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ABSTRACT- Magnesium matrix
synthesized using commercially pure Mg ingot, coar$i and
B,C powder as starting materials. Ti and,8 powders are mixed
with zirconia balls in a plastic bottle in Ar atmosphe and the
resulting mixture of these powders were compactedoird
cylindrical perform. The infiltration of Mg as a maix metal into

in-situ  composites were Homogeneously dispersed and thermodynamically etabl

ceramic reinforcements with clean reinforcementrimat
interfaces at an effective cost [6,7]. TiC and Ji&ramic
particles are considered as good potential reiifgrc
elements in magnesium matrix due to their high imglt

the Ti-B,C preform by capillary forces was done under Ar points, good thermal and chemical stability, higirdmess,

atmosphere in an electric furnace for different teraratures and
holding time. Samples were prepared for phase idiécdtion and
microstructural investigation. The phases formed rihg
infiltration were analyzed using X-ray diffraction thnique with
Cu Ka radiation and morphology of the structure was cagd out
using FESEM equipped with EDX. Different types of compuls
TiC, TiB,, TiB, MgB,, MgB,, B;3:C, are formed in Mg matrix
during synthesis process. The dissolution of Ti aBgC is found
incomplete even at the highest synthesis tempematamd holding
time used in this study. The relative density isifal to increase
with temperature and decrease with time.

Keywords: In-situ composites, Ti
infiltration, X-ray diffraction

and ,8 powders,

l. INTRODUCTION

Light weight metal matrix composites (MMCs) areguéat
interest due to their high specific modulus anérgjth as
well as high wear resistance at elevated temperaftius,
now a day, magnesium which is 35% lighter than ahum

low densities and excellent wear resistance [&/@jreover,
TiB, is considered as a proper reinforcement for their
coherency of crystal lattice with magnesium mafig].
Self-propagating high temperature synthesis (SHSJ a
remelting and dilution (RD) are generally usedahrfcating
in-situ TiC-TiB, reinforced Mg matrix composites [11].
Synthesis of magnesium matrix composites by in-situ
reactive infiltration technique can be used asrarovative
process. However, a few researchers had followesl th
technique using Ti and C to produce TiC reinforddd
matrix composites [12-14]. Limited work has beearfd in

the open literature for the processing of Ti cagbahd Ti
borides Mg matrix in-situ composites from startiwgh Ti

and B,C particles by a reactive infiltration technique2{1
15]. Thus, the present work has therefore beeryiogriout

to develop in-situ Ti carbide and Ti boridesnforcedMg
MMCs by infiltration technique using Ti and,8 particles

as starting materials.

has been considered as a potential matrix metal [1]

Magnesium MMCs reinforced with ceramic particlesihg
high specific modulus and high wear resistancesilen
strength, low coefficient of thermal expansion axdellent
electrical and thermal conductivities are potenf@ the
automotive and aerospace applications [2-5]. Radéiie
reinforced composites are attractive because oé eds
fabrication and isotropic properties. However theperties

Il MATERIALS AND EXPERIMENTAL
METHOD

Commercially pure magnesium ingot (99.74%) was wsed
matrix material and Ti (average particle size 250) jand
B,C (average particle size 40 pm) powders were used a
starting materials for synthesizing the in-situ Mg

of MMCs depend upon the particle stability, volumeomposites. Titanium and boron carbide powders with

fraction, size, bonding with the matrix and exteoft
dispersion in the matrix. Particulate reinforced MdICs
are generally processed by conventional methodk asc
powder metallurgy, spray deposition, mechanicabyafg,
pre-form infiltration and various casting technatsg such
as rheocasting, squeeze casting and compo caSthng.
prime challenge of these ex-situ processes is
characteristics of interfaces between matrix
reinforcement. In in-situ process, the
particulates are produced in the matrix metal assalt of
reaction among the starting materials during irtlon.
Hence, in-situ MMCs show superior mechanical proesr
due to the formation of ultra fine,
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molar ratio of 3:1 were taken with zirconia baltsa plastic
bottle in Ar atmosphere in order to prevent oxidatof Ti.
The powders were mixed in a ball mill with speed460
rpm for four hours. After mechanical blending, tesulting
mixture of Ti and BC powders were compacted at pressure
80 MPa into green compacts of cylindrical shapé®inm

tigameter 20 mm height using hardened steel dies.

and
reinforcemerfube and then pieces of magnesium ingot were planedp

The compacted Ti;B preform was placed in mild steel

of the compacted preform. The steel tube was placeal
stainless steel chamber and the chamber was cloiseda

lid containing two openings which are used as imlet
outlet for Ar gas. Stainless steel chamber was skegh
before heating and then backfilled with argon gasthesis
process of in-situ composites by infiltration tecjue was
carried out in an electric furnace in the preseotargon
gas which is flowing at a flow rate of 5 L.fin The
synthesis process was carried out at temperatdir86BC
and 906C for 1h and 4h. The heating rate was used
10°C/min to reach synthesis temperature. At the end of
infiltration, the furnace was switched off and sdespwere
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cooled down to 20T temperature in argon atmosphere. FoBince diffusion process of solids is time and terapee
phase analysis, some selective samples were adadbyz¥- dependent, with increasing time and temperature
ray diffraction technique using Cu &K radiation. The equilibrium phases (TiB TiC and Mg) in Mg-Ti-BC
relative density of the composites was determiSzdnples system will be formed as per thermodynamic aspestshe
were polished by following standard metallographidree energy change of these phases are more neghéin
technique and were investigated under field emissidhe other intermediate phases presents in the csitap&ut
scanning electron microscope (FESEM) equipped witin present study, X-rd investigation revealed thatthe

Energy dispersive x-ray (EDX). highest temperature (9%D) and time (4 hours) used, the
reaction is incomplete as the Ti angCBpeaks are evident
M. RESULTS AND DISCUSSION with some intermediate phases (Fig. 1c). It is fmuhat

Ti and B,C particle is infiltrated by magnesium at differentthe nano/sub-micron powders of Ti andGBinstead of

time and temperature. To analyze the phases foiméuke coarse particles can gn_hance f[he reaction and oy f
o : s ; . more stable phases within the time-temperatureerarsgd
in-situ composite, X-ray diffraction tests werergad out on .
) . . this study.
some selective samples. Fig. 1 shows the X-rayadififon . : o .
. . The relative density of the Mg in-situ comippes are
pattern of samples of Ti and,® powder mixture and . ) .
. o presented in Table 1. It is seen that the relatleasity
magnesium infiltrated at 880 and 908C for 4 hour. | ) . >
) ) ) . increases with the increasing infiltration temperatand
Diffraction pattern of sample of Ti and,® powder mixture . : . . : . .
. - decreases with increasing time. With increasing
shows the peaks of Ti and,® in Fig 1la. From the X-ray S .
. . o temperature, more Mg is infiltrated into the prefoby
diffraction pattern of the Mg composite infiltrated 806C . X : . .
] . . capillary action and yields high density. On thkesthand,
for 4 hour, MgB, MgB, TIiC, TiB, TiB,, BC, are . s . . .
. L ; e . . . density decreases with increasing holding time ttu¢he
identified with the addition of starting materidfgy, Ti and loss of Ma as Ma aas formed during infiltration
B,C (Fig. 1b). Molten magnesium reacts with(Band 9 g9 9 '
formed magnesium diboride and free carbon [16]. Th&able 1 Relative density of Mg matrix in-situ compsites

presence of MgBpeaks in the Xrd pattern are observed due infiltrated at different time and temperature

to the partially (_jec_ompositio_n of_ MgBorming MgE_>4 and Time Temperature Relative density (gm.cd)
Mg gas [17]. TiC is formed in-situ before the fation of (H) CC)

titanium borides with retained titanium and enrith®ron 1 800 268
carbide (BsC,) due to the diffusion of free carbon towards 4 800 2.44

the Ti from B,C [18]. The formation of BC, from B,C is 1 900 2.83

also reported by Emin [19]. It is also found in X{pattern 4 900 2.58

that TiB and TiB are formed during magnesium infiltration Microstructure of the magnesium based in-situ cositps
(Fig. 1b) and TiB reacts with MgBand form TiB. The infiltrated at 806C for 1 and 4 hours and @ for 1 and 4
presence of Ti and boron carbide peaks in the ¥atern hours is investigated using FESEM and shown in Big.
indicates that the reaction is incomplete (Fig.. Ti)e X-rd Coarse Ti (250 pm) and ,8 (40 pm) are used in
pattern of the composite infiltrated at high tengere Magnesium matrix for the processing in-situ conmessi
900°C for 4 hours shows that Ti and,B peaks area The microstructures of the four in-situ compositeseal
significantly decrease with the increase of othempound that the distribution of reinforcements is nearhjifarm in
peaks area (Fig. 1c). This indicates that with eéasing the matrix. Scanning electron microscopic investigaalso
temperature the more stable compounds are formeiun reveals that all the composites consist grey pasti¢A),
as the decomposition and diffusion of intermediatblack particles (B), grey at deep ditches (C), pero

compounds increases. structure (D), white particles (E) and grey struetyF)
200 whose size varies from a few micron to several heahd
L 0n ¥ B,C O Mg . . - - -
ok H. oA R M microns. EDX analysis of. magnesmm-matr!x compasite
v ¢ TC 0BC, = NgB, was conducted on above six areas and listed ireTabl

T Table 2 Chemical composition of different phases

140 | | present in Mg in-situ composites infiltrated at diferent
i temperature and time.
i Phase B C (@) Mg Ti
oy (WL%)  (WL9%)  (Wt%)  (Wt%)  (wt.%)
2 4 Grey - 2.31 5.86 0.22 91.61
o particles
=) (A)
Black 81.36 18.44 0.15 0.02 0.03
40 particles
= (B)
Grey phase - 11.67 12.60 75.63 0.07
0 . at deep
15 50 35 50 55 70 ditches (C)
Angle 20 Porous 14.72 17.93 14.10 3.73 49.52
Fig. 1. X-rd patterns of (a) Ti-B,C powder after mixing, ?g)“‘:t“re
Mg in-situ composites infiltrated at (b) 806C and (c) White . 992 5079 >8.42 087
90dC for 4 hr particle (E)
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@)

(c)
Fig. 2.
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(d)

SEM micrographs of Mg insitu composites infiltrate at (a) 80°C for 1 hour, (b) 80C°C for 4 hour, (c) 900C

for 1 hr and (d) 900°C for 4 hr.

According to the EDX results, thgrey dense pha (A) is
identified as titanium particlevhile the black pha: (B) is
identified as BC particle. Grey phasgC) at deep ditches is
to be infiltrated magnesium. Whigarticle (E) in the matrix
is identified as oxide of magnesiufhe porous structu
(D) throughout the matrix consist basici B, C, Mg and Ti,
with small amount of Mg and OThis O is due to th
oxidation of Mg which may be producedring polishing
From the micrographg, is observed thaitanium particle is
disintegrated with time (compare Fig. 1a and Fig) and
temperature (compare Fig. 1b and Fig. and form new
phasesThe composites infiltrated at $°C for four hours
shows a structure with small sizearticle. From the
microstructure,it is difficult to identify the dissolution c
B,4C patrticle as the size is much smaller than theafiicles.
However from X-rd peak intensity, i& well understoc that
both the Ti and BC particle dissolution occuias the new
phases TiC, TiB, Tig MgB,, MgB, are forme..

\A CONCLUSION

Magnesium matrix in-situcomposites were synthesiz
using reactive infiltration techniqueDifferent types o
compounds TiC, Tig TiB, MgB,, MgB,, B;:C, are formed
in Mg matrixduring synthesis process. Tdissolution of Ti
and BC is found incomplete even at the highest syntt
temperature and holdingme used in this study due to t
using of coarse Ti and;B powders as starting materie
Thermodynamically stable TiC and TiBy dissolution of
other less stable intermediatempoundswill be formed by
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using submicron powdeand proper synthe: parameters.
The relative density is found to increase with tenagure
and decrease with time.
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