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Keywords Abstract

Friction stir processing The A356 is a cast alloy which consist of aluminum, silicon and magnesium. This alloy has good strangth and
A356 Al ductility with excellent casting properties, high corrosion resistance and good fluidity. This alloy is wiedly used in
Surface nanocomposites the automotive industry, aircraft, defense industry and especially the automotive industry as a substitution of steel
Mechanical properties components. Poor wear resistance of the alloys is major limitation for their use. Friction stir processing (FSP) is a
Wear recognized surfacing technique as it overcomes the problems of fusion route surface modification methods. In this

study, friction stir processing was utilized to incorporate TiO, and graphite particles into the matrix of an A356
alloy to form surface hybrid nanocomposite. For fabrication of nanocomposite a constant tool rotation rate of 900
rpm and travel speed of 60 mm/min with a tool tilt angle of 3 degree was used. Keeping in view of the requirement
for improving wear resistance of A356 alloy, friction stir processing was attempted for surface modification with
TiO, and graphite powders. SEM, metallography, hardness, nanoindentation and pin-on-disc wear testing were
used for characterizing the surface of nanocomposite. Microstructural analysis showed a uniform distribution of
reinforcement particles inside the nugget zone. The surface nanocomposite results in enhanced properties in
mechanical properties and wear resistance compared to the behavior of the base metal. Addition of solid lubricant
graphite improve tribological properties of the nanocomposite.
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Table 1 Chemical composition of A356 alloy

Al Si Mg Fe Ni Cr Sn ools
L, 667 038 016 00 0005 0002
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Fig. 2 Poiion of the microhardness test
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Table 2 Chemical composition of etching solution

1,0 HF HCI HNO,

95 ml 1ml 1.5 ml 2.5ml

Fig. 1 (@) TEM micrograph of TiO, particles (b) SEM micrographs of
Gr

2595 (2 plisd 9081 3 51 (g5 G928 058y Ko pgeai () 1 S50
SBlS D3 5l (g, (S rSIl gSns S

L Keller

2 Unione

3 Jeol

4 Nanoindentation
5Berkovich

6 Buehler


www.sid.ir

Ve 9 3,8 (s3wal Susuw

g w9 910l8 93U (Slle (olod 5 DAL j2) (w02 5 S

(b)
Fig. 5 OM micrograph of structure and Si partial dispersion (a) BM (b)
FSPed without powder sample
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Fig. 6 SEM micrograph of size and Si partial dispersion (a) BM (b)
FSPed without powder sample
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Fig. 4 Micrograph and Micrograph the different zone of FSPed without
powder sample (a) BM zone (b) TMAZ (c) SZ
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Fig. 7 SEM micrograph of the sample has particles TiO, and Gr (a) SZ
(b) Higher magnification (c) and (d) The results of EDS of the marked
spots
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Table 3 Mechanical characterizations of BM and FSPed sample using
nanoindentation technique

sample Hir (MPa) HVir Eir (GPa)
(Vickers)

BM 808 65 75
FSPed BM 823 74 79
Al-TiOp-Gr 994 102 82

Al-TiO, 1182 112 86
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