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The fabrication of nano - composites is quite challenging because uniform dispersion of nano - sized
reinforcements in metallic substrate is difficult to achieve using powder metallurgy or liquid processing
methods. Friction stir processing (FSP) is a new solid-state process used to modify the refinement of
microstructure, improvement of material’s mechanical properties and production of surface layer
composites. In this investigation via friction stir processing, metal matrix composite surface (MMCs)
was fabricated on surface of 5083 aluminum sheets by means of 5 um and 80 nm TiO2 particles. The
friction processed surface composite layer was analyzed through optical and scanning electron
microscopical studies. Effects of reinforcing particle size and FSP pass number on the microstructure,
microhardness, on tensile and wear properties of the developed surfaces were investigated. Results
show that the nanocomposite layer created by TiO2 particles exhibits a microstructure with smaller
grains and higher hardness, strength, and elongation compared to the composite TiO2 layer produced by
particles. Increasing FSP pass numbers results in improved distribution of particles, finer grains, and
higher hardness, strength, elongation, and wear resistance. The surface composite layer resulted in four
passes with change in rotation direction with nano particle reinforcement exhibiting better properties in
hardness, tensile behavior and wear resistance compared to the behavior of the base metal.
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Fig. 2 (a) TEM micrographs of as-received TiO, nano particles (b)
SEM micrographs of as-received TiO, micro particles

(@) el 9enST 5L 3 S5l sysee (G958l GoSims Se g (W) 2 Y&
el ST (59,500 D)3 51 pug)y ($9,58T) CgSng Ko gual

30 mm

.......

3 mm

6 mm

Fig. 3 Fixture for sheet and dimensions of tool
ooliual 590 13§ B 1 G5 553 g 3 S

C8)5 plml Wb 2 0wz s e 0 S boks 9 52 S
ol 00 00591 lddiges o,les 2 Jga 10 .09 dunlio 4l 8L 4

955 g (ool Joa) (6595 w9Smg San 51 lislasn ) (om0 512
laaiges 5| g pate 3JUT ploul a4 0l a5 o solisl (Jo55 Jow) (it
o 3 S s 0 g o sl ke gl ) Aes e
olliws laws g (Jeoliww 2000 o i coliw U diges 5,5l
oS L sl baisas 03,5 S 5 il 8ol sl s iy,
A oolaiwl 3 Jgaz 0 oads ool olends

ox (5591,3 Slelas 0355 L of o ladigas o5 2 Jgur
Table 2 Samples code with FSP route

590 e uL.Lo.c gl o)Lo.;f.o

al 5k 1

P9 Oy dwly SO

095w D3 b anl S

$b ol b awl S

L RS Sz S e b ,See DS Ll e
b R 0 G Sz ped (e o O3 L asl s
b B O G Cuz e L gl Ol bl

~N o o1 A WD

S oo plond o5 5 3 Jga
Table 3 shows the chemical composition of etching solution

H203 HNO3 HF Cr203
84 ml 15.5 ml 0.5 ml 3gr
1- Union
2- Jeol

12 o )lesis 15 055 1394 siawl (oIS Sl Swadge


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.11.9
https://mme.modares.ac.ir/article-15-2665-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-21 ]

[ DOR: 20.1001.1.10275940.1394.15.12.11.9]

VoD 9 3,38 (s3weal Sumw

OT Oislw 9 B Yolsd 9 HUBLN ) )2 9 EXlLS JuwST 13 b 5083 ErineglT (SRl wn jg10lS Sulgs

obul el g dgumme ladils oy asid ;o aF il JoSleSs diw;
Oljee soly Slaad Gl Bl L rizren 098 00 i, sanails b g ks
3,0 Jloiml cazei )0 5 oals ol calizél sl 4y oo)ly SO jLas
alo g, yele adgs o 095 (pl g 0,10 39>y caS Cogdl DI, ul
o3Il cunl asine () 7 S j0 a5 jehalen .09 alys v [l
Olas 353 (nl &5 Sl 59800 D 3l eS el wenST ouS oy
(0) 6 Ui oot S5 (g) 7 UKo fiomod eVl cllas Como saims
1 Ggad SOy dutw bl 5l ame las e die) jo 1) @3 b ol
SEM pglas jo0 S5, awhe Ol amo lis b os a8 5% 6 pae U]
Al o als ojlil JpuS cel bl aw a5 cul S8 4 p3Y
[15] ogi oo oilicl
G5 g Jlyte Sedly S5 i by samepgls w axg b
ol g I ais el (olicgl axl o sal  Swloo
5 Al al;y mile ases )0 090 0 4l oyl )04@qub S5
D9l e 4>U )l
onl Al aS 0gd e dils &S g ol 5l ile O Sauss Jas 1.2
3 5 SNgmee E8m 0alS Zusd Ol jeas o Sl
W83 0d & Sl Griz 05 Hg sladiged
S ok g als b, cel &5 Ul ollee b3

12000
3
Al d
_ 8000
B
'z
3
4 T
4000 o
M
0 ~
0 2 4 6 8 10
Kev
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Sample 7 with higher magnification (d) EDS composition analysis
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