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Fabrication of Al2024 surface composite reinforced by B4C nano particles via
friction stir processing
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this research surface nano composite of aluminum 2024 and boron carbide particles with the average
Received 15 June 2017 size of 60 nm was fabricated by the friction stir processing (FSP) method. The primary friction stir

Accepted 27 July 2017

Available Online 11 August 2017 processing tests showed that the rotating speed of 850 rpm and traverse speed of 25 mm/min are the

optimum conditions which result in sound samples. The effects of nano - particle addition and number

of passes were analyzed in the fabricated samples. Optical and field emission scanning electron

Keywords: . . AN . .

Al2024 microscopy techniques showed that the average grain size in the stir zone decreases by adding nano-
Nano composite particles or increasing the number of FSP passes. The hardness and the abrasion tests showed that
Friction Stir Processing strength and wear resistance of the fabricated samples increases with the increase in number of passes.
B.C

The improved mechanical properties were attributed to the grain refinement as well as the uniform
distribution of nano-particles in the matrix. However, in the absence of nano-particles the hardness
decreased due to the dissolution of primary particles in the stir zone. The result of electrochemical tests
indicated that corrosion behavior of the FSPed samples improves by adding the nano - particles or
increasing the pass number.

Mechanical properties

o9d sles g pgare 39 I eyl GlalIT .l [9iS SO yog doddo -1
el wopr Sl Gl cule o Jle (50,0 4 Cwglie (b o irany olpe 4 ploldls s olys cde 4 puinagll 059l
(il Sl iilus o> @mlio o LIl Gl oo S slea )5 sl o 0 55,5 42 59, 58 (ol ooyl 3500 ogmme Y58 5l g
Omed 4 Cowl 0dd 0 pf g Ladlgn (ol « S Sl olde ey iy b iy alis muaiogd] Ao 40 498 18 il Grae a5 (5 5k 4 Cul

Please cite this article using: 2 Lod o3l Jod oyl 1 o ol & gla ) (gl

S. Ahmadifard, A. Momeni, Fabrication of Al2024 surface composite reinforced by B4C nano particles via friction stir processing, Modares Mechanical Engineering, Vol. 17, No. 8,
pp. 343-350, 2017 (in Persian)


http://mjmec.ir/

090 a0l 933 (s3eal Sy

SLIE] S Ihuol (59T 33 Jauwgs )93 Sl 5lr3 93 by 03ub aygits 2024 asineglT xhans g igols Algs

P et ok 50 et b Ol |y Sliles ot aml Ges
Dgad
gy g lp ey BB L o)l5 Wiz gy S anls ol v
el g it g (g5l
ol &3y sl ojlail g JSKi 50 juds comge anl)d ol 5l eolinul
Sony Lazs Jlotungd g golamdl by, So by, orl Suledye 5 3o
ol 00 plowl slezel SKasl 5,91,8 i) o Al sla)ls
2 1, Al10%ALOs b o jorels 6 [9] o) Ken 5 (iSiem Sia
adgr coleael Slasl anld 5l eoliul b 2024 pscedll 5LIT mlans
lapl asloy oud oy CajonelSsl otalo JE8, (cwyp & 5 Wo S
S8 Cas Lol @ Caaglie e aTE ol ploul b aS aisls 3158
58,5 WLl L6 w4 [10] o)) o T gsl5 el 08,5 o D5 4
as wssls 3158 g aiBle p Fig @iz slaas s jo caisS Cugdy )3
Pler doye du 4 doye Sl eaisS Cogi Oy (S we e ialiEl b
s Sl addllas @ [11] e § 0,8 (soenl 0] oo Cawsts (5 gllae
5wy el gyl presl Alss n Wi a5 ST snS S
4 Caoglio LisS p) 4 Cumd Codl S as o ialidl L oast wols o))
g s 50 I ly, ket o S 1) o Juds a5 el oo Sgue (il
S 3 s (5,508l b S A S i bl
$y515% slaaiges (53,65 4 Caglie anld plxl b a5 wisly les [12]
OLan 5838 sl yuizren S ol Gl 4l 518 4 cos o0l
ot o] aney o 1) il 9T 5,50 5 9l 2l b [13]
g tlon, » o grakasMe BB 5L gb wlyd as wisle lis g 00,5
aS s ebay Wl 8w Ol a4 o Jols CujeelS (Sl olss
Sgd> oy gl SIS gl diged jo panS alSuiul 5 (S Gl
oile el o alex 5l sl oo )lS s 4 2024 e
(s ren 40,8 o )18 eolaul 090 Ladlen o (s 9 JU) Lewlse
Olyie 4 aden (b g (Foy> 4 Caglie el lojen dgne
ol 089 SWEes slao I8 gz ST ol (5908 0 owlel aa
59 S8 Ohd 6l B cwl oals (B ol tegh 5o Gl ol slie
paiogll o 4 (5y51,8 Sldae P 0 00 Cusdi ole laie 4
CosmelS el (50,05 5 (Sl Lolgs LSl py ; aslol j5.a50h 5,15 2024
D9 n dumlie b 5B L g 0dd () Jol>

b %959 é'}n -2
oS 5 a5 cenl 2024 oglT SUIT ¢ Gimg ol 5o oolitul 8,90 a0l L8
el oo &Sl L Jgaz 50 o] oleess

U o s sld olles slml 6y al 3B claises ol
ald Jlesl gl s )8 Gl e die 150X60%6  xhaws o jgualS

Bz ol 5o eoliiul 5,50 2024 ppiagll olonds oS5 1 Jade
Table 1 Chemical composition of aluminum 2024 used in this research

Al Mg Mn Se Si Cu oole
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Fig. 3 Schematic image of FSP tool used in this research
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Fig. 1 Schematic image of Al 2024 sheet with holes drilled to fill with
the nano particles
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Fig. 2 TEM micrograph of B,C nano pz;rticle used as reinforcing
particles in this research
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Fig. 5 Optical microscope image of the interface SZ with TMAZ
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Table 2 Chemical composition of etching reagent used for revealing
microstructures (all in volume percent)
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Fig. 4 Macrograph of FSPed sample showing the regions around the
FSP zone
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Fig. 7 FESEM image of reinforcing particles uniformly distributed
within the SZ domain of 4 pass processed sample
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Fig. 6 Optical micrograph of different zones in the sample fabricated by

4 passes of FSP: (a) SZ, (b) BM and (c) HAZ
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Table 3 Average grain size of SZ in the fabricated samples
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Fig. 10 Frictioncoefficient behavior of BM and FSPed samples
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Fig. 11 SEM image of wear lines width in low magnification (a) BM
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