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The Aluminium Alloy (AA7050) hybrid composites (AAHC’s) reinforced with 2-10 wt.% Z,B, ceramic particles, 1-5 wt.%
ALO; particles and 0.5-2.5 wt.% MWCNT in novel Vibro-compo casting through liquid casting route. The Z,B, and ALO;
have been introduced in the conventional method, and MWCNT is injected by argon gas. Then, the stirring process was
carried out in different temperatures to enhance wettability between reinforcements and matrix. The developed AAHC’s were
characterised using a Scanning Electron Microscope (SEM) and Energy-dispersive X-ray spectroscopy analysis (EDS). The
mechanical properties like hardness, tensile, impact and fatigue tests were performed on all the casted samples elaborately.
The dispersion of Z,B, ceramic particles and its implanting over the ductile A17050 matrix was effectively obtained, which
shown superior mechanical properties when compared to monolithic A17050 alloy. The specimen contained 1.5%MWCNT +
6%Z,B, + 3%AlL,0; reveals the greater tensile strength, which is 30.73% higher than the base material. Besides, the EDS
results ensured the manufacturing of Al 7050/MWCNT + Z,B, + AL,O; metal matrix composites successfully, and no other
intermetallic phases were identified.
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Introduction Lin K [3] has developed and investigated the machina-

bility parameters of TiB, particles reinforced with

Aluminium alloy hybrid composites are undergoing a aluminium alloy 7050. They draw focus on monophonic
revolution in the aerospace industry. The AAHC has reinforcements such as TiB,_ It was suggested [12] that,
received much attention in the past decade. Within the the introduction of Z,B, particles on aluminium alloy
next few years, AAHC, likely to become a significant 6061 has enhanced the properties of composites, and
composite material in aircraft. Currently, aluminium this seems to be a positive approach. Research has
alloy 7050 is used in the wing spar of aircraft structure tended to focus on the monophonic introduction of
[1], but it has average strength level. In order to overcome reinforcement rather than the multi-entry of reinforcements
this disadvantage, researchers were focused on this on aluminium alloy 7050. Baradeswaran [13] contended
aluminium alloy 7050 to reinforce with TiC [2] and that aluminium alloy 7075 metal matrix composite
TiB, [3]. Al;Z, dispersoids were reinforced in aluminium enhances the mechanical properties, but they failed to
alloy 7050 [4]. The Al,O;, Z,B,, SiC, TiC TiB, are the provide adequate information for multi-entry reinforce-
most common ceramic materials chosen to reinforce ments. The reinforcements phase have been tried with
aluminium alloys [5-11]. This paper seeks to address different weight percentages to improve the mechanical
the introduction of multi reinforcements such as MWCNT, and metallurgical properties of the composite [14-19].
7B, Al,O5 on aluminium alloy 7050. Several authors Literature survey reveals that aluminium alloy 7050
have attempted to define AAHC’s, but as yet there are rarely reinforced with MWCNT, TiC, TiB,, Z,B, and
still no accepted results on AAHC’s. In the literature, AlOs in the liquid casting route. Similarly, few research
there are many composites by aluminium alloy 7050 works are identified in hybrid composites using
much work on the potential of AAHC has been carried aluminium alloy 7050 as matrix phase. This present
out. The first studies on AAHC found that aluminium work AA7050/MWCNT/ Z,B,/Al,O; hybrid composites
alloy 7050 was reinforced with TiC particles [2]. were developed through the Vibro compo casting
Experiments on aluminium alloy 7050 reinforced com- method to get superior interface bonding and increase
posite were performed by a group of researchers [3]. wettability. Thus, the key objective of this research

work is to investigate the influence of the MWCNT,
7B, and Al,O; particles on the mechanical properties

*C di thor: . . . .
Tglrfefgf_%g%;&ogg such as tensile, microhardness, impact, fatigue and
E-mail: skyforplay@gmail.com characterised by SEM and EDS on hybrid composites.
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Table 1. Chemical compositions of Aluminium alloy 7050 [35]
Material Si Fe Cu Mn Mg Ti Cr Zn Zr Balance
AA7050 0.120x 0.15ax 2.0-2.6 0.1 max 1.9-2.6 0.10ax 0.04 ¢ 5.7-6.7 0.08-0.15 Al
Table 2. Specifications of Al,O3, Z,B, and Multiwall Carbon Nanotubes
Specifications AlLO; 7B, Multiwall Carbon Nanotubes
APS 50-60 um 40-50 pm Colour Black Powder
Form Powder Powder Purity >99%
Colour White Grey/Black Average Diameter 10-15 nm
Purity 99.9% 99% Average Length ~5 pm
Melting Point 2,072°C 3040 °C Amorphous carbon <1%
Boiling Point 2,977°C - Surface Area ~400 m*/g
40+ 40+
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Fig. 1. (a) Average particle size analysis of Al,O; reinforcement, (b) Average particle size analysis of Z,B, reinforcement.

Materials and Methods

Materials

In an attempt to do AAHC, Aluminium Alloy 7050-
T7451 chosen as matrix phase and its chemical
composition given in Table 1. The Multiwall Carbon
Nanotubes (MWCNT), Z,B, and Al,O; were chosen
for the reinforcement phase and their specifications
mentioned in Table 2. The MWCNT supplied by
AdNano Technologies, Catalytic carbon vapour deposition
(CCVD) process were used to produce ultrapure
multiwall Carbon Nanotubes. The received Al,Os, Z.B,
particles have been examined to confirm the size of the
particles using Average particle size analyser. The
average particle size of Al,O; is 50 um and Z,B; is
40 um is confirmed, as shown in Fig. 1(a) and 1(b).
Similarly, the received MWCNT’s are analysed by
scanning electron microscopy equipment in the 100 nm
x 60,000 and 100 nm x 30,000 scale. The SEM results
confirm the presence of MWCNT’s, as shown in Fig.
2(a) and 2(b). Transmission Electron Microscopic analysis
results are shown in Fig. 2(c). The Raman spectroscopy
examination was conducted on MWCNT’s, and its
results show good agreement with wavenumber and

Raman intensity in Fig. 2(d). The percentage of weight
loss examination of the MWCNT was performed against
temperature; weight loss percentage is nearly to zero at
700 °C in Fig. 2(e). XRD analysis was done on MWCNT,
and the result exhibits the chemical composition peaks
of MWCNT?’s are shown in Fig. 2(f).

Fabrication method

The fabrication of composites carried out through
liquid metallurgy route via Vibro compo casting method.
In this work, a specific vibrator is attached with a
crucible for superior dispersion of MWCNT in the
aluminium matrix. This method is in line with a
substantially the same as that used by Abbasipour [20]
compo casting setup with some modifications. The
apparatus is consisting of alumina crucible with muftle
furnace, coated steel stirrer, reinforcement injection
tube, crucible with a vibrator is attached with the
compo casting equipment, which is shown in Fig. 2(g).
The melt temperature has measured by using the K-
type thermocouple, and Argon gas is used to inject the
reinforcements to the vortex melt. The compo casting
equipment can easily be customised to suit all the
conditions. It was decided that the best equipment for
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Fig. 2. (a), (b) and (c), Scanning Electron Microscopic and Transmission Electron Microscopic images of MWCNT’s, (d) Raman
spectroscopy analysis of MWCNT, (e) Weight loss analysis of MWCNT against temperature, (f) XRD analysis of MWCNT’s, (g) Schematic
Diagram of Stir casting setup.
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Fig. 3. Machined samples for Tensile, Impact, Micro Hardness, Fatigue, SEM and EDAX Investigations.

this investigation because it is one of the most suitable
methods for casting Carbon Nanotubes. All samples have
prepared in the following two routes. Initially, Z,B, and
Al,Oj; introduced in the traditional route, and MWCNT’s
are injected and stirred in different temperatures to
enhance wettability between reinforcements and matrix.
Crucible was allowed to vibrate and preheated at 600 °C
then aluminium alloy 7050 is melted at 700 °C. The
Preheated Z,B, and Al,O; were mixed with aluminium
melt then stirred at speed 45S0RPM. MWCNT were
injected by argon gas to the semi-solid aluminium melt
then stirred at 250RPM to enhance good wettability of
MWCNT’s. Finally, the molten metal has poured in
100 x 100 x 10 mm sized dye. Then, the samples were
machined as per various ASTM standards by ELECTRA
wire EDM machine (SPRINTCUT WIN-Pulse Generator:
ELPULS 40A DLX. Fig. 3(a)-3(f) show the machined
samples for various mechanical and tribological
investigations.

Characterisation

The Tensile strength analysis has carried out on the
100 x 6 x 12 mm sized samples shown in Fig. 3(a) as
per ASTM standard EEM04 by Computerised Universal
Testing Machine TMC— CUTM — 50 kN model, Chennai.
Then, Microhardness examinations were Examined on
the 20 x 10 x 6 mm sized samples shown in Fig. 3(c)
as per ASTM standard E18M by using Microhardness
Testing Machine, Mitutoyo— HM113 Model, Japan. 1zod
impact tests have performed on 75 x 10 x 10 mm sized
samples shown in Fig. 3(b) as per ASTM standard
D256 using Impact testing machine. Fatigue strength
investigation was conducted using computerised fatigue
equipment supplied by AVJ Engineering Services
Coimbatore. Similarly, material characterisations such as
Scanning Electron Microscope — SEM, JEOL- JSM
6390, Japan and Energy Dispersive Spectroscopy —
EDS, Oxford Instruments— INCA Energy 250 LN2

Closed, UK was used and conducted.
Results and Discussion

Mechanical properties of AA7050/MWCNT/ Z,B,/
ALO; AAHC’S

Tensile test

The internal resistive force against the load of the
composites was enhanced due to superior dispersion in
matrix till the AA7050/ (1.5%MWCNT + 6% Z,B, +
3%Al1,0;) composite, as shown in Fig. 4(a). From the
Fig. 4(b), the ultimate tensile strength of B, C and D
composites are in increase trend while other two in
downfall. The ultimate tensile strength of E and F
composites are decreasing due to the increment of
MWCNT, Z,B; and Al,O; particles and porosity due to
the new cluster formation. The ZB, particles are
surrounded by MWCNT’s. There is no Interfacial
bonding due to the lack of aluminium matrix phase in
those composites. It is due to the non-uniform dispersion
between matrix and reinforcements.

Micro hardness test

The Vickers microhardness values of all casted
samples are examined. The Vickers Hardness Number
is directly proportional to the reinforcement’s weight
percentage. An increasing trend was observed on
AA7050/(0.5%MWCNT + 2% Z,B, + 1%A,0;), AAT050/
(1%MWCNT +4%Z,B, + 2%A1,05),A7050/(1.5%MWCNT
+ 6%Z.B,+3% ALO;),AA7050/(2%MWCNT + 8% Z,B,
+ 4% Al,05)andAA7050/(2.5%MWCNT + 10% Z,B, +
5% Al,O3;) composites as shown in Fig. 4(c),which
reveals the increase of Z,B,, Al,O; and MWCNT rein-
forced with aluminium matrix enhance the Vickers
hardness value. Al,O; ceramic particle was obstacles
for the dislocation movement [21-23]. The Al,Os particles
protect the aluminium alloy 7050 from infiltration and
cutting of slides on the surface of the composites [24, 25].
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Fig. 4. (a) Load versus displacement curve for the tensile test of Hybrid composites, (b) Ultimate tensile strength of Hybrid composites, (c)
Vickers Hardness Number of Hybrid composites, (d) Impact Strength of Hybrid composites.

Impact test

Impact test results reveal the increasing trend in
impact strength till the AA7050/(1.5%MWCNT + 6%
Z,B; + 3%A1,0;) composite, as shown in Fig. 4(d).
Then, downfall trend is observed in AA7050/(2%
MWCNT + 8%Z,B, + 4%A1,0;), and AA7050/(2.5%
MWCNT + 10%Z,B, + 5%A1,05) composites due to its
fragile nature because of more percentage of reinforce-
ments in the aluminium matrix. The AA7050/(0.5%
MWCNT +2%Z,B, + 1%A1,0;), AA7050/(1%MWCNT
+4%Z,B, + 2%A1,05) and AA7050/(1.5%MWCNT/6%
7,B,/3%A1,0;) composites ensure the proper wettability
and superior dispersion of reinforcements in the
aluminium alloy 7050 matrix.

Fatigue test

The fatigue strength was examined on all casted
composites as results shown in Fig. 5(a) to 5(f). The hybrid
composite revealed the fatigue resistance concerning
load and time mentioned in Table 3. Fig. 5(a) shows
the casted aluminium alloy AA7050 has an average
fatigue strength. The increasing fatigue strength identified

in Fig. 5(b) to 5(d). The AA7050 specimen has fatigue
strength up to 200N load at 10° cycles then failures at
10" cycles when the load increased to 220N. Similarly,
the fatigue strength and failure limit for all casted
composites were mentioned in Table 3. The composite
AA7050/(1.5%MWCNT + 6%Z.B; + 3%A1,0; has
enhanced fatigue strength to withstand the cyclic
stresses. These cyclic stresses lead to fatigue cracking,
which is below the static yield strength of the hybrid
composite. The Fig. 5(e) and 5(f) show the fatigue
strength was significantly reduced in E and F hybrid
composites due to the existence of higher reinforcement
percentage, which leads to brittle phenomenon [26-30].

Microstructure of MWCNT/ Z,B,/ A,O; AAHC’S

The SEM images of casted MWCNT/ Z,B,/ AlLO;
AAHC’S is depicted in Fig. 6(a) - 6(f). Fig. 6(a) indicates
the SEM image of the casted Aluminium Alloy 7050.
The SEM microstructure image of hybrid composite
AA7050/(0.5%MWCNT + 2% Z,B, + 1%AL,0;) is shown
in Fig. 6(b), which reveals the porosity and shrinkages
presence are less, which ensures the quality of Vibro
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Fig. 5. Results of fatigue cycles for time and Load; (a) AA7050, (b) AA7050/(0.5%MWCNT + 2%Z,B, + 1%AL,05), (¢) AA7050/
(1%MWCNT +4%Z,B, + 2%AhL0s), (d) AA7050/(1.5%MWCNT + 6%Z,B, + 3%AL0), (¢) AAT050/(2%MWCNT + 8%Z,B, + 4%AL03),

(H) AA7050/(2.5%MWCNT + 10%Z,B, + 5%AL0;).

compo casting and the similar trend was absorbed in
the AA7050/(1%MWCNT + 4% Z,B, +2%Al,0; hybrid
composite shown in Fig. 6(c). The SEM microstructure
image of AA7050/(1.5%MWCNT + 6%Z,B, + 3%AL05)
exposes the dendritic structure of matrix alloy has
disappeared due to the presence of the MWCNT, Z,B,,
and AlO; reinforcements as shown in Fig. 6(d). The
SEM microstructure images of AA7050/(2%MWCNT
+ 8%Z.B, + 4%AL,0;) and AA7050/(2.5%MWCNT
+ 10%Z,B, + 5%Al1,05) are shown in Fig. 6(e) and Fig.
6(f). This reinforcement particles influence the grain
formation in the semi-solid state of composite material
and enhance the better solidification. More grain
refinement has been achieved by finer grains due to
reinforcements. The intragranular distributions have found

on casted samples, which enhances the mechanical and
tribological properties. The influencing parameters for the
distribution of reinforcements are convection current,
buoyant motion and movement of particles [31]. The
solidification front’s velocity has a significant role in
deciding intra or intergranular distribution. It has
formed when the velocity of the solidification front is
above the critical velocity, which is between 10> to 107
m/s [32]. The temperature gradient is the influencing
factor for the critical velocity and particle size. The
SEM images are showing the clear interface between
the aluminium matrix and the following reinforcements
MWCNT, ZB,, and Al,O;. Moreover, no reaction
products and interfacial reactions are identified between
the reinforcements. Various researchers reported that
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Table 3. Fatigue Load obtained, cycles completed and result in the condition of Hybrid composites

Hybrid Composite Specimen Load obtained in the graph (N)  Result condition =~ Cycles completed

114

AAT7050 200

220 Failure 10!
114

180 No Failure 10°
260

300 Failure 10!

110

154

AA7050/ (1%MWCNT + 4% ZB, + 2% Al,05) 206

270

300 Failure 10!

120

154

240

285

AAT050/ (1.5%MWCNT + 6% Z,B; + 3% Al,05) 330

366

415

460

500 Failure 10!
120

169 No Failure 10°
230

250 Failure 10
115

156 No Failure 10°
210

250 Failure 10!

No Failure 10°

AAT050/ (0.5%MWCNT + 2% Z,B, + 1% AlL,O;)

No Failure 10°

No Failure 10°

AAT050/ 2%MWCNT + 8% Z.B, + 4% Al,05)

AAT050/ (2.5%MWCNT + 10% Z,B, + 5% Al,O5)
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Fig. 6. (a) SEM microstructure images of AA7050, (b) SEM microstructure images of AA7050/(0.5%MWCNT + 2%Z,B, + 1%A1,0;), (¢)
SEM microstructure images of AA7050/(1%MWCNT+4%Z,B, +2%AL,0;), (d) SEM microstructure images of AA7050/
(1.5%MWCNT + 6%Z,B, + 3%A1,0;), (¢) SEM microstructure images of AA7050/(2%MWCNT + 8%Z,B, + 4%A1,0;), (f) SEM
microstructure images of AA7050/(2.5%MWCNT + 10%Z,B, + 5%AL,05).
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Fig. 7. (a) EDS test analysis of AA7050, (b) EDS test analysis of AA7050/(0.5%MWCNT + 2%Z,B, + 1%A1,05), (c) EDS test analysis of
AAT050/(1%MWCNT + 4%Z,B; + 2%A1,05), (d) EDS test analysis of AA7050/(1.5%MWCNT + 6%Z.B, + 3%A1,0;), (¢) EDS test
analysis of AA7050/(2%MWCNT + 8%Z,B, + 4%AL,05), (f) EDS test analysis of AA7050/(2.5%MWCNT + 10%Z,B, + 5%AL,0;).

the reaction products would surround the particle and
weaken the interfacial strength when a reaction occurs
[33-36].

EDAX Results of MWCNT/ Z,B,/ ALO; AAHC’S
Fig. 7(a) shows the Energy Dispersive Spectrum of
cast Aluminium Alloy 7050 and with its elements. The
high-intensity peak elements are representing Aluminium,
zinc, copper and magnesium, and low-intensity peak

elements for ferrous, Silicon, Manganese, Titanium,
Chromium and Zirconium are identified. The Fig. 7(b)
shows EDS analysis of hybrid composite AA7050/
(0.5%MWCNT + 2%Z.B, + 1%A1,05;) with Carbon,
Zirconium diboride and alumina. Similarly, no other
elements present in the AA7050/ (1%MWCNT + 4%
Z.B, +2%A1,05) hybrid composites as Fig. 7(c) and
hybrid composite AA7050/(1.5%MWCNT + 6%Z,B,
+ 3%Al1,05) as Fig. 7(d). The presence of elements of



532 Elaya Perumal A, Jinu GR, Vidhyalakshmi S and Amal Bosco Jude S

AA7050-MWCNT/ZB>/Al,05 is rich in the casted
samples AA7050/2%MWCNT + 8%Z,B, + 4%Al,0;)
and AA7050/(2.5%MWCNT + 10%Z,B, + 5%Al,05)
as shown in Fig. 7(e) and 7(f). The EDS result reveals
that no elemental presence due to its interfacial reaction
between the matrix and reinforcements.

Conclusion

The Mechanical characteristics and microstructure
study of Vibro-compo cast AA7050 + MWCNT + Z,B,
+ Al,O; aluminium hybrid composites were studied in
detail. The following achieved conclusions are drawn:

The superior interface bonding and wettability
between the reinforcement and AA 7050 matrix were
achieved by novel Vibro compo casting method. The
ultimate tensile strength is enhanced by about 30.73%
in Hybrid composite compared with the base material.
The impact strength and microhardness of AA7050
hybrid composite reveal the increasing trend. The
tension-tension fatigue strength of hybrid composites
confirms the superior fatigue strength against the applied
cyclic loadings. The SEM images show the uniform
dispersion between the matrix and MWCNT, Z,B, and
Al,O5 reinforcements. EDS results reveal all elements
of both matrix and reinforcements are present in casted
hybrid composite materials.
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