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Abstract

Investigations are made on the effect of 40 and 90 gm
sized B4C particulate addition on compressive strength and
impact toughness of LM29 alloy. Micro B4C particulates of
40 and 90 ym are used as reinforcements in the Al alloy
matrix. Composites are prepared by using liquid melt method
in steps of 3, 6 and 9 wt.% in the LM29 alloy. Samples are
tested for microstructural characterization by using
scanning electron microscope (SEM) and energy dispersive
spectroscope (EDS). Mechanical properties as hardness,
compression, and toughness are evaluated as per ASTM
standards. SEM micrographs reveal the uniform distribu-
tion of B4C particulates in the LM29 alloy and are confirmed
by EDS analysis. Further, compression and impact strength
of base matrix LM29 alloy is enhanced with the addition of
B4C reinforcement and is more evident in the case of 40 xm
size reinforced composites.

INTRODUCTION

Aluminium is widely used in aerospace, automobile and
structural applications due to its advantageous properties
like light weight, low density, corrosion resistance, high
specific strength, high stiffness, cost effectiveness, etc.,
when compared to existing metals being used, . The density
of aluminium is about one-third of iron and copper and the
corrosion resistivity eliminates the need of protective coat-
ings. Recent expansion in research indicates that there is
still a large scope progress in the aluminium usage. The
application of aluminium with improved properties will
meet economic and ecological demands, /1, 2, 3/.

Aluminium metal matrix composites (AMMC) can be
processed by various routes as liquid metallurgy, solid metal-
lurgy, in situ methods etc., but due to low cost, simplicity in
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U radu su predstavljena istrazivanja o uticaju ojacava-
Juéih Cestica B4sC od 40 i 90 mikrona na pritisnu i udarnu
cvrstocu legure LM29. Mikro B4C Cestice od 40 i 90 mikrona
su primenjene za ojacavanje matrice legure Al. Kompoziti
su pripremljeni koris¢enjem metode tecnog rastopa u fazama
3, 619 tez. % u leguri LM29. Uzorci su ispitivani karakteri-
zacijom mikrostrukture primenom skening elektronskog
mikroskopa i disperznog spektroskopa. Mehanicke osobine
kao sto su tvrdoca, ponasanje pod pritiskom i udarna cvrs-
to¢a su odredene prema standardu ASTM. Skening elek-
tronski mikro foto snimci otkrivaju uniformnu raspodelu
Cestica B4aC u leguri LM29 Sto je potvrdeno i EDS analizom.
Pritisna i udarna évrstoca matricne osnove legure LM29 su
poboljsane dodatkom ojacanja BiC, a posebno u slucaju
ojacavanja Cesticama kompozita od 40 mikrona.

processing and better properties, liquid metallurgy is selected.
Wettability of ceramic particles is the main problem that is
faced in processing AMMC and can be overcome by coat-
ing of reinforcement, which is one of the techniques to
increase the wettability, /4/. To increase the wettability of
B4C, coating it with Ti has yielded better results. K,TiFs
halide salt is mixed uniformly with B4C during casting and
has resulted in better bonding between Al and B4C, and also
in better mechanical properties by forming the Ti layer
around B4C particles, /10/. B4C and graphite is mixed with
aluminium by using the mechanical stirrer. Use of a mechan-
ical stirrer and rigorous stirring helps in the homogeneous
distribution of particulates in the metal matrix. Two-step
addition of reinforcing particulates is adopted in liquid metal-
lurgy which helps in the homogeneous distribution and to
overcome the agglomeration of particulates /6, 8, 9/.
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In general aluminium based MMCs offer a substantial
increase in elasticity modulus and strength over the unrein-
forced alloys and often accompanied by large reduction in
percentual elongation. Properties of composites are affected
by the reinforcement particle size, shape and volume fraction
of the reinforcement, matrix material, and reaction at the
interface, /5, 7, 14/.

However, minimal information is available regarding the
compressive and impact properties of the LM29 reinforced
with micro B.C particulates MMC’s processed by stir cast-
ing method. With the increasing demand of lightweight
materials in the emerging industrial applications, the alu-
minium-boron carbide composites play an important role,
especially in the aerospace domain. Keeping the above
observations in view, it is proposed to develop LM29 micro
B4C composites with varying particle size and weight per-
centages of B4C particulates. In this study, investigated are
mechanical properties of LM29 alloy-based composites with
40 and 90 micron-sized B.C particulates by varying weight
percentages, like 3, 6 and 9 wt.% by using liquid metallurgy
technique.

EXPERIMENTAL DETAILS
Materials used

Table 1. Chemical composition of LM29 alloy.

Elements Si Cu Mg Ni Al
wt. % 24.0 1.0 1.0 1.0 bal

";;) 7
WD: 16.25 mm
Det: SE

'SEM HV: 10.0 KV
SEM MAG: 500 x

WD: 16.16 mm
Det: SE

SEM HV: 10.0 kV
SEM MAG: 200 x

Figure 1. SEM micro photograph of: (a) 40 um B4C; (b) 90 um B4C.
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Metal matrix composites containing 3, 6 and 9 weight
percentages of B.C particulates with 40 and 90 um size are
produced by liquid metallurgy route. For the production of
MMCs, an LM29 alloy is used as the matrix material while
B4C particles with an average size of 40 and 90 um are
used as reinforcements, as shown in Fig. 1. The chemical
composition of the alloy used in the investigation is given
in Table 1.

Preparation of composites

The fabrication of LM29-B,C composites with 40 and
90 um sized particles are carried out by liquid metallurgy
route via stir casting technique. Calculated amount of the
LM29 alloy ingots are charged into the furnace for melting.
The melting point of aluminium alloy is 660 °C. The melt is
superheated to 750 °C. The temperature is recorded using a
chromel-alumel thermocouple. The molten metal is then
degassed using solid hexachloroethane (C,Clg) for 3 min. A
stainless steel impeller coated with zirconium is used to stir
the molten metal to create a vortex. The stirrer is rotated at
a speed of 300 rpm and the depth of immersion of the
impeller is 60 percent of the height of the molten metal
from the surface of the melt. Further, B4C particulates pre-
heated in a furnace up to 600 °C are introduced into the
vortex. Stirring is continued until the interface interactions
between reinforcement particulates and the matrix promote
wetting. Then, the LM29- 3, 6 and 9 wt. % B4C mixture is
poured into permanent cast iron mould having dimensions
120 mm length, and 15 mm diameter. Further, based on the
microstructural study, strength and impact toughness are
evaluated as per ASTM standards, the and comparison of
properties is made between the LM?29 alloy-40 micron size
B4C and 90 micron size B4C reinforced composites. Figure
2a and 2b show the specimens for compression and Charpy
impact tests used in the study.

Figure 2. Specimens for: (a) compression; (b) Charpy impact test.

The face of the specimen which must be subjected to
microstructural analysis by SEM and EDS to be polished
using 220, 400, 600, 800 and 1000 grit emery papers and
finally using diamond paste. Keller’s regent is used to etch
the specimen before it is inspected using SEM and EDS to
study the dispersion of particles in the matrix.
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The hardness test is carried out by using the Brinell hard-
ness testing machine as per ASTM E10 standard, by using
5 mm diameter ball indenter and 250 kg load. The compres-
sion test is conducted using universal testing machine on
three specimens, each of pure LM29 alloy, LM29-3, 6 and
9wt.% of 40 and 90 um size B4C particulate reinforced
composites, prepared as per ASTM: E9 standard. The aver-
age results of the three specimens for varying composition
are noted. The Charpy impact test is conducted by using the
impact test machine as per ASTM E23 standard. Fractured
specimens in the Charpy impact test are further studied by
SEM micro-photo analysis.

RESULTS AND DISCUSSION

Microstructural study

The work accomplished here is an attempt made to
develop LM29 aluminium alloy composites reinforced with
40 pum sized boron carbide particulates by liquid metallurgy
stir casting technique. Metallographic specimens are pre-
pared through standard procedure of mechanical polishing,
and further etching with a Keller’s chemical solution, com-
monly used for Al alloys and its composites. The particle
distribution in the LM29 alloy matrix at various fabrication
conditions is examined through SEM.

thR -
SEMHV: 25.0kV |
SEM MAG: 200 x |

WD: 14.84 mm VEGA3 TESCAN|

Det: SE

SEM HV: 25.0 kV
SEM MAG: 400 x

WD: 10.99 mm
Det: SE
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Figure 3. SEM micrographs of LM29 alloy: (a) as cast; (b) 3%
B4C; (c) 6% B4C (d) 9% B4C, with 40 um B4C particles.

WD: 11.07 mm
Det: SE

Figure 3a shows the microstructure of as cast LM29 alu-
minium alloy, Figs. 3b-3d represent LM29 -3 wt.% B.C,
6 wt.% B4C, and 9 wt.% B4C composites with 40 um sized
particles. SEM micrographs reveal almost uniform distribu-
tion of B4C particulates throughout the matrix as observed
in Figs. 3b-3d. Uniformly distributed particulates increase
the overall strength and other properties, reducing the poros-
ity of the MMC.
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Figure 4. SEM micrographs of LM29 alloy: (a) as cast; (b) 3%
B4C; (c) 6% B4C; (d) 9% B4C, with 90 um B4C particles.

Figure 4a shows the microstructure of as cast LM29
aluminium alloy. Figures 3b-3d represent LM29- 3 wt.%
B4C; 6 wt.% B4C; and 9 wt.% B.C composites with 90 um
sized particles. SEM micrographs reveal almost an uniform
distribution of B4C particulates throughout the matrix as
observed in Figs. 4b-4d. Uniformly distributed particulates
increase overall strength and other properties, reducing the
porosity of the MMC.

00 I
3.20K]
2.88¢}

(b) 25%

2.16K}

1.80K]
144K Si
1.08K]

0.72K]

0.36K]

0.00K!

34 51

68 85 102

Fe Ni
Mn Mn Fe Ni Cu Cu

1n9

136 153

0.0 17
Al
3.24K)
2.88K|
252K}
2.16K}
180K}

1.44K] Si
Sn

108K}
072K o
o3ek] € NI

By Cu
0.00KL2=

sn
Snsn TOT

68 85 102

Fe Ni
Mn Mn Fe Ni Cu Cu

119

136 153

0.0 17

34 51

68 85 102

INTEGRITET | VEK KONSTRUKCIJA

Vol. 19, br. 3 (2019), str. 231-236

119

234

136 153

Figures 5a-5c show energy disper-
sive spectrographs (EDS) of as cast
LM29 alloy, and LM29-9 wt.% of
40 um sized B.C particulates rein-
forced composites, and LM29-9 wt.%
of 90 um size B4C reinforced compo-
sites. In the composites, the B4C parti-
cle presence is identified by the B and
E elements.

Figure 5. EDS of LM29 alloy: (a) as cast;
(b) 9% B4C with 40 um B4C; (c) 9% B4C
with 90 um B4C composites.
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Hardness measurements

Figure 6 shows the comparison of hardness of LM29
alloy with 3, 6 and 9 weight percentages 40 and 90 micron
sized B4C particulate reinforced composites. From the graph
it is evident that as the weight percentage of reinforcement
particles increases from 3 to 9 wt.%, there is increase in
hardness of LM29 alloy in both 40 and 90 um sized compo-
sites. Further, 40 um sized B4C composites exhibit higher
hardness values as compared to 90 um sized B4C compo-
sites. The hardness of base matrix LM29 alloy is 61.9 BHN.
After adding 3, 6 and 9 wt.% of 40 mp sized B4C particu-
lates, the hardness values are 73.5, 86.2 and 99.4 BHN, in
respect. Similarly, in the case of 3, 6 and 9 wt.% of 90 um
sized B.C particulate reinforced LM29 alloy composites, it
is 70.9, 80.4 and 94.9 BHN, in respect. From the values it is
noticed that hardness of 40 um sized B.C composites is
superior than in 90 um B4C composites. The enhancement
of hardness is more evident in smaller particle reinforced
composites. This increase is due to good wettability of par-
ticles in the LM29 alloy matrix, /11, 12/, and is noticeable
by microstructural studies also. As particle size decreases,
the reinforcement bonding increases with the matrix alloy.

110

——— LM29-B,C Composites (40 microns)
— - — LM29-B,C Composites (30 microns)

100

90

80

Hardness (BHN})

70 4

60 T T T T

Wt.% of B,C Particulates

Figure 6. Hardness of LM29 alloy with 40 and 90 um size B4C
reinforced composites.

Compression strength

Figure 7 shows a comparison of compressive strength of
LM29 alloy with 3, 6 and 9 wt.% of 40 and 90 um B4C
particulate reinforced composites. The compressive strength
of LM29 alloy increases after the addition of 40 and 90 um
sized B4C particles. Further, composites with 40 um sized
B4C particulates show higher compressive strength as com-
pared to the 90 um particle reinforced composites.

The compressive strength of LM29 alloy base matrix is
570.6 MPa. Further, the LM29 alloy with 9 wt.% of 40 um
B4C particle reinforced composites compressive strength is
800.1 MPa, and this is 782.2 MPa in 9 wt.% of 90 um B.C
particle reinforced composites. This increase is due to supe-
rior compressive strength of hard B4C particles present in
the matrix. Further, the more enhanced strength in the
40 um sized particle reinforced composites, as compared to
larger sized particle reinforced composites is due to the
high resistance of crushing 40 um B4C particles.
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Figure 7. Compression strength of LM29 alloy with 40 and 90 um
size B4C reinforced composites.

Charpy impact toughness

The comparison of impact toughness of LM29alloy with
40 and 90 um sized B4C reinforced composites is shown in
Fig. 8. The impact toughness of LM29 alloy is increased in
3 and 6 wt.% of 40 and 90 um sized particle reinforced
composites. LM29 alloy — 9 wt.% of Boron carbide with 40
and 90 um sized composites shows a slightly decreased
impact toughness as compared to the 6 wt.% B4C particle
composites. Further, LM29 alloy with 40 um B.4C particle
reinforced composites exhibits superior impact toughness
as compared to 90 um B.C particle reinforced composites,
and the as-cast LM29 alloy base matrix. The increase of
impact toughness in 40 um B4C composites is mainly due
to the resistance of smaller particles to debond during impact
loading. If the impact load is applied to composites with
relatively larger particles, the debonding of larger particles
is a phenomenon that occurs more frequently, and this
reduces impact toughness as compared to smaller sized
particles, /13, 15/.

—#——  LM29.B,C Composites (40 microns)
— 00— LM29.B,C Compasites (30 microns)

Impact Strength (J)

0.8

0.6 T T T T

Wt.% of B,C Particulates

Figure 8. Impact toughness of LM29 alloy with 40 and 90 pum size
B4C reinforced composites.
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CONCLUSIONS

Based on this research of the synthesis and characteriza-
tion of varying size B4C particulate reinforced LM29 alloy
composites, the overall conclusions are as follows:

1. LM29 alloy with 3, 6 and 9 wt.% of 40 micron sized B4C
particulate reinforced composites are successfully fabri-
cated by the stir casting route.

2. LM29 alloy with 3, 6 and 9 wt.% of 90 um sized B4C
particulate reinforced composites are successfully fabri-
cated by the stir casting route.

3. Energy dispersive analysis (EDS) reveals presence of 40
and 90 um sized B4C particles in LM29- B4,C composites
in the form of B and C elements.

4. Hardness of LM29 - 3, 6 and 9 wt.% of B4C composites
increases with the addition of 40 and 90 um sized B4C
particles. Further, 40 um sized B4C particle reinforced
LM29 alloy composites have higher hardness as com-
pared to 90 um B4C reinforced composites, and as-cast
LM29 alloy.

5. Improvements in the compressive strength of the LM29
matrix are obtained with the addition of B4C particulates.
Further, the LM29 alloy with 40 um sized B4C particu-
late reinforced composites exhibits superior compressive
strength as compared to 90 um sized B4C composites.

6. Improvements in Charpy impact toughness of the LM29
matrix is obtained with the addition of B4C particulates.
Further, the LM29 alloy with 40 um sized B4C particu-
late reinforced composites exhibits superior impact tough-
ness as compared to 90 um sized B4C composites.
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