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Abstract

Friction Stir Processing (FSP) is a technology in which the microstructure of a material, as well as the mechanical
properties of this material, is enhanced by the action of friction with a special tool. There are many applications for FSP
materials which are in high demand in various industries, including aerospace, shipbuilding, instrumentation, and many
others. The paper presents a study of a hybrid composite made from silicon carbide powder and rice husk (RHP) as
reinforcement, included in the A16082 aluminum alloy. The study of the characteristics of the fabricated composite was
performed using an optical microscope, field emission scanning electron microscope (FESEM), X-ray diffraction (XRD)
method. Tensile strength (UTS) and hardness were determined. It was revealed by microscopy that a modification of the
microstructure occurs on the surface of the composite. X-ray diffraction analysis showed the presence in the spectrum
of elements similar to the Al/SiC/RHP hybrid composition. It is shown that UTS tensile strength and Brinell hardness
is being increased by factors of 1.36 and 1.75, respectively, compared to base aluminum material.
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AHHOTANUS

O6pabotka Tpernem ¢ nepemeninBanueM (Friction Stir Processing, FSP) — texHosorus, B KOTOpOii MUKPOCTPYKTypa
MarepHaia U ero MeXaHMIeCKUe CBOMCTBA YCHIIMBAIOTCS 32 CUET BO3ACHCTBHS TPEHHUS CIICHUATbHBIM HHCTPYMEHTOM.
Cy1ecTByeT MHOXKECTBO IPUMEHEHHI MaTepUalioB, MOIy9IaeMbiX MeTooM FSP, KOTOpbIe HCIIOb3yIOTCS B PA3IIHYHbBIX
OTPACISIX MPOMBIIUICHHOCTH, B TOM YKCIIE a3POKOCMHUUYECKOM, CyI0CTPOCHHH, TIPHOOPOCTPOCHHN U MHOTHX JPYTHX.
B pabote npencraBieHo HccIen0BaHHE THOPUIAHOTO KOMITO3HTA, H3TOTAaBIMBAEMOT0 U3 MTOPOIIKOB KapOHa KPEeMHHS
(SiC) u Rice Husk Powder (RHP) B kauecTBe apMUPYIOLIETO JIEMEHTA, BKJIFOYAEMOTO B aTFOMUHUEBBIN crutaB Al6082.
HccnenoBanue XapakTepUCTHK M3TOTOBICHHOIO KOMIIO3UTA BBINOJIHEHO C IPHMEHEHHEM ONTHYECKOr0 MHUKPOCKOIIA,
ABTOOMHCCHOHHOIO CKaHHPYIOIIEro IEKTPOHHOT0 MHKPOCKOIA PEHTICHOBCKUM AU(PPAKIIMOHHBIM METOIOM.
Omnpenenensl NPOYHOCTh HAa PACTSDKCHHUE W TBEPAOCTh. METOIOM MUKPOCKOIUH BBISBICHO, YTO HA MOBEPXHOCTH
KOMITO3UTA TIPOMCXOIUT MOAN(DHUKAIINS MUKPOCTPYKTYPbI. PEHTT€HOCTPYKTYPHBII aHAJIN3 [OKa3aJl HAJUYUe B CLIEKTPE
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Fabrication and characterization of hybrid composite of AI6082/SiC/rice husk powder using friction stir processing

9JIEMEHTOB, aHAJIOTHYHBIX THOpuHON Kommo3uiun Al/SiC/RHP. [Tokazano yBennueHne NpoOYHOCTH HA PaCTSIKEHHE U
TBepaocTH 1o bpunuento B 1,36 u 1,75 paza COOTBETCTBEHHO 10 CPABHEHUIO C OCHOBHBIM aJTIOMHUHHUEBBIM MATEPUAJIOM.

KiioueBnle c10Ba

00paboTKa TPEeHHEM ¢ epeMeLInBaHUEM, THOPUIHBII KOMIIO3HT, KapOU/I KPEMHUSL, IOPOLIOK PHCOBOMH LICIIYXH, HPEAes

MIPOYHOCTH HA PACTSKEHHUE, TBEPIOCTD

Ccplaka past nurupoBanusi: Kymap H., I'ynra I1., Cunrx P.K. M3rotoBnenue n xapakTepucTuka TuOpUIHOTO
xommosuta Al6082/SiC/mopomok prcoBoi METyXH, MOTy4aeMOoro MeToIoM (GPUKIMOHHOTO NepeMernnBanms // Hayuno-
TEXHUYECKHUI BECTHUK HH()OPMAIIMOHHBIX TEXHOJOTH, MexaHUKH 1 onTHKA. 2022. T. 22, No 6. C. 1119-1126 (na aHr.

s13.). doi: 10.17586/2226-1494-2022-22-6-1119-1126

Introduction

In the current scenario of the industry, every industrialist
wants to use good material getting some superior quality
mechanical properties on that material. There are various
processes from which composite material is fabricated. For
example, that processes are used in powder metallurgy,
casting, diffusion bonding and much more. After
fabrication, there is lot of waste as well as defects have also
been produced, but out of these, Friction Stir Processing
(FSP) has lower drawbacks while fabrication as compared
to other processes. For this reason, FSP has been used
to improve or modify their microstructure by solid-state
plastic deformation which will help utilize them in different
structural domains as well as in metallurgical industries.
FSP came in 1991 after a few years of friction stir welding
[1] which formed the basis of the manufacturing process.
In FSP, pin of tool is inserted on the groove by applying
axial force at a particular rpm. Plastic deformation has
taken place when sufficient heat is generated and there is
micro structural modification occurred by using different
reinforcements on it. The schematic diagram of the FSP is
shown in Fig. 1.

FSP can be done on various materials like magnesium,
aluminum, copper, zinc, etc. At the same time, aluminum
has a low weight, as well as good strength, that is why
it is preferable for various applications due to having
these properties [2]. For this research aluminum 6082 was
chosen. To enhance the microstructure of the material by
using FSP, some additive (called reinforcement) is added.
Silicon Carbide (SiC) and Rice Husk Powder (RHP) are
used as reinforcement.

SiC is ceramic nature type material which is a quite
common material used in industry. There are various useful

Nugget Zone

Fig. 1. Schematic diagram of friction stir processing

properties of SiC material. For example, it has high thermal
shock resistance. It has also high strength as well as high
hardness and high wear resistance properties. For this
reason, SiC was chosen as reinforcement for our research.
Hybrid composites use many types of reinforcement in
a single matrix intending to achieve a synergistic impact
between the qualities of the reinforcements and the overall
properties of the composite [3]. RHP is an agricultural
waste material that is produced from rice mills. It is also
burned after the crop grows and mixed in the air due to
having tiny particles and forms various unwanted gases.
These gases produce unwanted containment which is very
dangerous for the lungs. This waste has created many
health-related issues while mixing these particles in the
air. But due to showing its mechanical properties, it can be
the best while using a hybrid composite. It has enormous
potential to increase strength as well as hardness [4].
It has also a wear resistance nature. So, by using these
reinforcements, it will not only reduce the waste but also
make an eco-friendly environment.

Literature Review

Fuse et al., [5], examined the effect of process
parameters, i.e., number of passes, bobbin tool and
rotational speed on Al 6064 when using FSP. The result
revealed that with the use of bobbin tool at the third passes
of FSP maximum hardness is achieved, i.e., 95.11 HV
which is 28 times more than in the base material.

Maji et al., [6], examined the tool traverse speed, no. of
passes, rotational speed, and plunge depth on Al 7075-T6
when using FSP. Results revealed that grain size is reduced
to 5.69 from 32.34 um at a lower traverse speed in the 2nd
pass of processing.

Saravanakumar et al., [7], analyzed the effect of process
parameters, i.e., rotational speed, transverse speed and
axial force on Cu when using FSP. They revealed that
18 % volume reinforced rice husk ash has maximum wear
resistance of 5.3-10~5 mm3/Nm due to having an increase
in hardness.

Parbhu et al., [8], reported the effect of the process
parameters, i.e., tool material, tool rotation direction,
tool rotation speed and feed rate on Al 6082 when using
FSP. Results show that a composite abrasion resistance
is increased twice compared to the base material while
incorporating CaCos.

Patil et al., [9], investigated the effect of the process
parameters, i.e., downward axial force, rotational speed,
tool traverse speed, and tilt angle on Al 7075 when using
FSP. Authors concluded that higher micro hardness of
604 HV was achieved in linear lined holes pattern which
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means it has superior hardness than the zigzag lined holes
pattern and grooves pattern.

Liu et al., [10], examined the effect of process
parameters, i.e., tool rotation speed, traverse speed, and
tilt angle on Al 7075 when using FSP. Results revealed
that with the addition of scandium its strength drops in
comparison to the T6 original sample whereas the damping
force increases with the addition of the scandium.

Luo et al., [11], investigated the effect of the process
parameters, i.e., tool rotating direction, transverse direction,
and multi-pass on AZ61 when using FSP. Results concluded
that, when using a multipass FSP, grain size is refined to
7.8 um due to having dynamic recrystallization.

Nadammal et al., [12], reported the effect of process
parameters, i.e., tool plunge depth, tool rotation rate,
and traverse speed on Al 5086 when using FSP. Results
revealed that because of the comparatively reduced heat
input received and the resistance supplied by some of the
shear texture components, the creation of such a weak
texture can occur towards the bottom of the nugget zone.

By analysing these research papers, we can say that
FSP finds application in various domains. These authors
are generally used aluminum as a base material due to
having a lower weight with good strength. So, in this
research, we also use aluminum as a base material. But as
a hybrid reinforcement, SiC (2 wt.%) and RHP (2, 4 and
6 wt.%) were used. This mixed hybrid composite will not
only reduce the cost of material by the utilization of waste
material RHP but also reduce environmental pollution.
After fabrication, their different characterisation, like
optical microscopic, X-ray Diffraction (XRD), tensile and
hardness, were also examined. So, it will be beneficial for
industrialists as well as for researchers to utilize the process
in the best way.

Materials and Methods

For this fabrication, rectangular plate of Al 6082 with
dimensions (80 x 95 x 10 mm) is taken as a base material
which has the following chemical composition: Aluminum
(Al) — 95.2 wt.%; Silicon (Si) — 1.3 wt.%; Magnesium
(Mg) — 1.2 wt.%; Manganese (Mn) — 1.0 wt.%; Iron
(Fe) — 0.5 wt.%; Chromium (Cr) — 0.25 wt.%; Zinc
(Zn) — 0.2 wt.%; Titanium (Ti) — 0.1 wt.%; Copper
(Cu) — 0.1 wt.%.

For this reinforcement, SiC is taken which has
extremely high thermal shock resistance. Used SiC
reinforcement is shown in Fig. 2.

For the hybrid composite, another reinforcement is
used, i.e., RHP. The Scanning Electron Microscope (SEM)
image of RHP is illustrated in Fig. 3. The average size of
RHP is 58 pm. From SEM image, the structure of the RHP
is observed.

The chemical composition with their wt.% of RHP is
identified with the help of the Energy dispersive X-ray
(EDX) spectrometer. Its spectrum is illustrated in the
Fig. 4. From EDX spectrum, maximum amount of elements
observed in RHP are C and Ni followed by Cu, Mg, Ca
and Zn.

Groove is prepared on the plate with the shaper
machine, which is shown in Fig. 5. Dimension of the

Fig. 2. SiC reinforcement. The average size of the SiC particles
is 150 pm

Signal A= SE2
Mag= 1.00KX

r
EHT = 10.00 kV
WD = 16.0 mm

Gun Vacuum = 1.12e-09 mbar ﬁ

Fig. 3. SEM image of RHP. The average size of RHP is 58 pm

groove is (6 X 6 mm). Reinforcements (SiC and RHP) are
inserted into the groove of the plate.

For FSP, threaded tool is taken. It is made up of high
carbon and high chromium steel which was analyzed in the
study of various literature reviews; there the information
was found that tools made of these materials are suitable
for the fabrication of aluminum alloys [13]. The diameter

Fig. 4. EDX spectrum of the RHP

Hay4HO-TeXHNYECKN BECTHUK MHDOPMALMOHHbBIX TEXHONOMUIA, MEXaHUKM 1 onNTukn, 2022, Tom 22, N2 6
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 6

1121



Fabrication and characterization of hybrid composite of AI6082/SiC/rice husk powder using friction stir processing

Fig. 5. Grooving on the sample

of the shoulder is 16 mm whereas the length of the pin is
8 mm and the diameter of the pin is 6 mm (it is shown in
Fig. 6).

Process parameters have a vital role in the FSP. There
are various process parameters like rotation speed, rotation
direction, traverse speed, tilt angle, pin profile, shoulder

6 mm

8 mm

16 mm

Fig. 6. Threaded tool pin profile

diameter, and much more. Out of these, some process
parameters have been adopted, for example, the rotation
speed is taken equal to 1500 rpm, the traverse speed is
taken equal to 50 mm/min and the tilt angle is taken equal
to 3° to show the effect on the material.

Experimentation

FSP was implemented on the vertical milling machine.
The set-up of the FSP for fabrication of hybrid composite
AA6082/SiC/RHP is illustrated in Fig. 7. Using a threaded
tool, the fabrication was completed. The tool has been
inserted into the collet. The tool shoulder contacts the
workpiece when an axial downward force is applied,
while the pin is put into the sample groove on which
reinforcements are inserted on it. While the shoulder
comes into contact, workpiece with revolving at 1500 rpm
speed creates friction, and then plastic deformation takes

Fig. 7. FSP set-up machine
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Fig. 8. Fabricated hybrid composite AA6082/SiC/RHP

place on FSP Zone. The traverse speed, on the other hand,
aids in the movement of the workpiece in the processing
direction as well as the deposition of material from back
to forth. This process is continuously taking place after the
processing tool is removed by the removal of axial force,
and the power supply is off.

A fabricated sample of hybrid composite AA6082/SiC/
RHP is shown in Fig. 8.

Results and Discussions

Microstructural Analysis
An optical microscope is used to show the
macrostructural change in the material. All the fabricated

. SiC—2% 7)
I RHP —4 % '

SiC

150 pum

hybrid composite of AA6082/SiC/RHP is examined under
the microscope on the composite sample with the size
10 x 10 mm (Fig. 9). Before examining, the sample is
rubbed on the emery paper of the grit no. 400, 600, 800,
1200 and 1500. Then the rubbed sample is polished with
the chemical powder Al,O5. This chemical powder is
used to better surface finish as well as to clear structure.
The polished sample is also etched with HNOj; solution
to enhance the contrast on the surface so that the
microstructure can be seen easily.

Fig. 9, a shows the microscopic view of base material
without fabrication in which no defect on the material
found. This is confirmed by the examining different
sides under an optical microscope and it was found that
there is not any porosity as well as available cracks on
unprocessed workplace. Fig. 9, b shows the fabricated
composite microscopic image in which 2 wt.% of SiC as
well as 2 wt.% of powder of rice husk reinforcement is
mixed. Fig. 9, ¢ shows the microscopic image of fabricated
composite on which 2 % SiC and 4 % powder of rice husk
is mixed as a wt. percentage of the base material. Similarly,
Fig. 9, d shows the fabricated composite microscopic
image on which reinforcement 2 % SiC and 6 % RHP are
incorporated with wt. percentage of the base material. It
can be seen from these analyzed microscopic images that a
superior microstructure is achieved in the sample on which
2 % SiC and 4 % powder of rice husk are mixed. There
takes place a proper mixture between the reinforcement
and the base material. Due to plastic deformation, good
dynamic recrystallization takes place with threaded tools
creating a better microstructure than in the base material.
Due to medium rpm, i.e., 1500 rpm, there is sufficient
heat generated which helps microns reinforcements to
mix properly. Similarly, tilt angle of 3° also helps to get
sufficient friction produced between shoulder of tool and
surface of workpiece. As a result, process parameters are
also affected the microstructure of the composite.

SiC—2%
RHP — 6 %

150 wm

Fig. 9. Microstructure of: base material AA6082 (a); AA6082/SiC/2 % RHP (b); AA6082/SiC/4 % RHP (c); AA6082/SiC/6 % RHP (d)
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elye P 3
&MVuwm-zﬂmmbu

EHT=20.00 kV Signal A = SE2
WD =103 mm Mag= 500X

Gun Vacuum = 1.10e-09 mbar

Fig. 10. FESEM of fabricated AA6082/SiC/RHP hybrid
composite

To get further analysis, Field Emission Scanning
Electron Microscope (FESEM) is also used for that
fabricated composite to get more information on the
microstructure (Fig. 10).

From FESEM analysis, it was observed that the correct
distribution of the reinforcement, i.e., SiC, as well as the
RHP on the fabricated composite, was received. These
microns reinforcements are identified by the showing
brighter particles of reinforcements distributed over the
aluminium metal matrix. Sufficient plastic deformation

there is proper utilization of reinforcement elements on the
metal matrix.

XRD analysis

XRD is used to detect the phase of crystalline structure
and also detect the various compound formations from the
presence of elements. XRD characterization is done from
the IIT Roorkee Lab, India. XRD is done by using Bruker
D-8 advanced diffractometer with CuK radiation. The
samples were scanned at 2 keps with a scanning speed of
12 °/min while rotating the MiniFlex (300/600) goniometer
in the 20 range of 5-90°.

The XRD result in Fig. 12 shows that the compound
formation has taken place from the same element as the
elemental composition of base material AA6082. There
also got information that no harmful effects present for
machining compound formation.

Fig. 13 shows the XRD result of the fabricated
hybrid composite of AA6082/SiC/RHP. The result of the
XRD revealed that different compounds and elements
are observed on the different peaks. A compound like
SiO, is hard in nature as well as it has also beneficial to
improve the hardness of the composite. Similarly, there
is also observed MgO which is physically and chemically
stable at high temperatures. The compound, as well as
elements which are observed on the peak of the fabricated
hybrid composite AA6082/SiC/RHP, were very useful in
enhancing the mechanical properties.

occurred at a proper tilt angle which helps the better 2.0-10°1 AllFeliS: e
distribution of particles due to sufficient heat generated
between the tool shoulder and workpiece. As a result, a 1.5-10°-
fabricated hybrid composite with modified microstructure g
is obtained. To get elemental analysis information an EDX 5
spectrum is also used which is illustrated in Fig. 11. é 1-10° ALMnSi
EDX spectrum of the fabricated AA6082/SiC/RHP £ o
hybrid composite gives the detailed information about "~
. . . Mn,Si AlMn
elements used with their wt. percentage on that composite. 5-10*1 2
Maximum amount of C, Si, and Mg is found followed by J J JbFeSi
the Fe, Zn, and Ni on the aluminum matrix. So, the EDX
spectrum can confirm that there is a presence of elements 0.0 - - - S
on the aluminum matrix which are also observed on the 20 40 60 80
EDX spectrum of RHP. These elements are very useful 20, deg
for strengthening the material as well as to increase the Fig. 12. XRD of base material AA6082
hardness of a material. Also EDX spectrum confirms that
2.5-10° ALOs  Meas. data:Rise HUK-9 —
2.0-10° 1
B
Z1510°]
g C
E 1101
SiO, MgO
5:10*
J Fe
0.0 T T T :
20 40 60 80
20, deg
Fig. 11. EDX spectrum of fabricated AA6082/SiC/RHP hybrid
composite Fig. 13. XRD of AA6082/SiC/RHP
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Ultimate Tensile Strength

After fabrication, ultimate tensile strength is also
measured with the help of a tensometer at NIET Greater
Noida, India material science lab. From the tensometer it
was found that the fabricated composite has the following
ultimate tensile strength which is shown in Fig. 14.

The ultimate tensile strength of the fabricated composite
shows different data as the varying reinforcement wt. %.
The maximum ultimate tensile strength is achieved in the
sample on which reinforced 2 % SiC whereas the 4 %
powder of rice husk. The used reinforcement increases the
material strength up to a point of 4 wt. % of RHP, but beyond
that, it decreases its value when utilising 6 wt. % of RHP.

Due to the agglomeration of reinforcement, the tensile
strength has decreased at 6 wt. % but, while increasing
reinforcement up to 4 %, the proper mixing happens and
sufficient plastic deformation has occurred as a resulting
tensile strength is increased. The tensile strength is found
to be higher than the base material, also due to the used
suitable process parameter. This contributes to the flow
of the material, and mixing with reinforcement particles
at 1500 rpm is very appropriate. Dinaharan et al., [14],
showed a similar result, the tensile strength is increased,
while mixing the rice husk as reinforcement in the Al 6061
alloy, because the composite has more grain refinement
than the aluminium matrix, so the tensile strength is
increased according to the Hall-Petch equation.

Hardness

Hardness is also measured on the Brinell Hardness
testing machine at the material science lab NIET Greater
Noida, India. Hardness is measured at five points on the
fabricated composite and we take an average of them to
achieve good accuracy. The hardness of that fabricated
composite is shown in Fig. 15.

s Ultimate tensile strength

= 206.98

< 183.51 — 196:758

E 150 == |

g : :

- - | ]
2 ‘ |

Z = | | | =
| \ : \ 1

g N == L
) Base 2 4 6

‘é‘ wt. % — RHP

:::) = wt. % — RHP = Ultimate tensile strength

3
0q

jg. 14. Ultimate tensile strength of fabricated hybrid composite
AA6082/SiC/RHP
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The hardness of the fabricated composite shows
increasing order up to a certain limit; after that it is
decreased which is shown in Fig. 15. The maximum
hardness achieved is 85.98 HB on which reinforcement
of 2 % SiC as well as 4 % RHP is mixed as a wt. % on
Al 6082 alloy. The hardness is drastically increased due to
the threaded tool creating proper mixing with of powder of
rice husk and SiC, both have good bond formation while
mixing with aluminum. Fatchurrohman et al., [15], also
showed similar result due to the inclusion of tiny eutectics
particles by the mixing of RHP in the main aluminium
matrix which also has resulted in increased hardness.

Conclusions

A hybrid composite of AA6082/SiC/RHP is successfully
fabricated with help of FSP. Fabricated composite has
also been tested by different characterization to show
their bonding as well as their mechanical properties. The
optical microscope and FESEM show that a modified
microstructure is obtained compared to the base material,
whereas the EDX spectrum shows the presence of elements
that are similar to those found in EDX spectrum of RHP
on the aluminium matrix. Similarly, from the XRD result it
was found that the observed compounds as well as elements
on the peak are helpful in nature and also improve the
nature of composites. There is also ultimate tensile strength
as well as the hardness are increased 1.36 times and
1.75 times, respectively, compared to the base material. So
the fabricated hybrid composite has superior microstructure
as well as improved mechanical strength and is also useful
for various applications.
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