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Hybrid ratio of each reinforcement phase in hybrid composite can be defined as proportion of its
volume to total reinforcement volume of the composite. The hybrid ratio is an important factor which
controls the participation extent of each reinforcement phase in overall properties of hybrid composites.
Hence, in the present work, surface hybrid nano composites of Al2024, graphite average particle size of
100 pum and ZrO, average particle size of 15 nm with different hybrid ratios were fabricated by friction
stir processing method. For fabrication of nano composite the tool rotation rate was set to be 1000 rpm,
and its advancing speed was 20 mm/min and tilt angle of 3 degrees were chosen. All samples were
subjected to 2 passes of FSP to obtain more homogeneous dispersion of the reinforcements.
Subsequently, effect of hybrid ratio on microstructural, mechanical and tribological properties was
investigated. Optical microscopy and scanning electron microscopy were utilized to perform
microstructural observation on the samples and showed that reinforcements are well dispersed inside the
Nugget Zone. Hardness Vickers value measurements and pin on disk dry sliding wear tests were carried
out to investigate effect of hybrid ratio on mechanical and tribological properties of the nano
composites.

Sl St al 4 el BB labs, 5 (S ced ouds oo laoy)S doudo -1
silen  Seslpw (loodiiS Coughl ol yon 4 cominogll AL slacy jgmlS 2 e Cuaglin g o5 I Vb 5 4 plSotinl Cand o 4 guisegl]
sl & Lol sl ool 5 0d g Loagll ol 25 (@ilid 0S| lio 3 gt Slye 2505 Sl (Ko @ opd 5 (S095 lp
SHlSe olsz s by janals g8 al el G Slo3lIT 5 o] ipns | Suielyn s ooly Ll sl o0 b 9,055 glio 5 Lablea

[81] s gl s s VL iolo 0 Coaglie 9 ot aiilon 50 5 ol 5l eoliiwl Codgaza el puinagl ] Croly (ol 4 Casglie sisle

425 S)ge sl AIST gams Jsb ;0 3wl ety el oL

Please cite this article using:

! Tribological

e edlitwl Jo3 &ybe il o ol @ gla )l gl

S. Ahmadifard, M. Roknian, T. Tinati Seresht, Sh. Kazemi, Fabrication of hybrid nanocomposite Al2024/Gr/ZrO, via FSP and evaluation effect role of hybrid ratio in mechanical and
wear properties, Modares Mechanical Engineering, Vol. 16, No. 6, pp. 119-126, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.16.9
https://mme.modares.ac.ir/article-15-3493-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-24 ]

[ DOR: 20.1001.1.10275940.1395.16.6.16.9 ]

O 9 3,8 (g3l Sumu

b 9 SSalle (olod 3 S )5 o H3l w3 9 bLiKE] S Sbuol (59T )8 Jawgs Al2024/Gr/Zr0z (uS )3 v jgselS 93l Sulgi

red 259 l5e Jolis (el oalS i gl (SiLaé]
ALl oo Vgono ciojonls 0gs sl ;500 loghs; 0 -
S 00 o 51 g Sl o ploend 2Ty 5l 65 ol
530 g )0 1y s CagelS (g oo gy Gl Slesliiul b -
dalad plos gl 4 g3 oo Jbe (gl 0,5 Sloul IS aalad 51 las
905 Sl IS dxdad prla 13 1) g jeelS (S
hgy cl 5o O kB S )3 (daw CujenelS Sek e -
Sbnl com 093 (pl el (23D Slahg) plp poiz
J10,9] S5 0 41 dxkad mhavs o SYL Caoglio by ciciigy
Siabs & Cuglio dggy sl oalazdl (Sl (5,508 wnlb adly o
5 Ly 4 Cuglie dgage [17-14] naS 5 omke ulpl [13411]
Mo . Cenl o0 plol e ol o (sodnio slo, 5 [18] 84 oo (Stus
RO (PP RRTI R P PR L) BRI FUSAPIR JERWEY
el islag, » gl @b 8h a8 wols 3 5wl awlis
a 3890 [20] OSem 5 5905 sl (39,800 D155 5 g Gl 5 (SilSe
LS Had s Gl bt sbl sbry glaw r Flyses sbml L aF
ul)l.io.m 9 )9451]4-'4-" Jol;so Sgage éu&n UGIP Al (S g ol )...AS
213 5 L 5083 utpog)] (S 5 b ujeals 5 s 4 3390 [6]
Coipels a5 4 38ge [21] e 5 o e diad 8S 5 L]
RV POMITPIIPS RV PORPEP UG FOWIR W L CH - PRSI | [P TIPS SO
& Caglio iul3dl el g0 opl oS a5 Wsls 3155 5 was (MoSy)
Soy8 50 sgax ile 25 Ol &5 5pska d9dee CujealS il
ol alils 2alS pnodiw 05 (g5l diges 4y o
b 2024 oiogll (oS5 Cajorsls g Gheghy ol pladl 5l Bae
b el olimdl Sl gy513 bs, b cudlS s LisS s ol dsil
w2 b 055UsS leaca I cudlS 5 LisS ) slaoassS cosi o (ul cle
G 45 0 o (i ol (03105l g (cagas (olgs) atiws Eiglie
s 4tk a58ls grs5 B 5 Cajonels (Kol ot p oS5
S0 Lajgeals g (ohale § (S el (ourp 2 o255 S
D ey p S

B 59y 9 3go-2
LssS 5 3 o3lasl uKls oS 00sS s oole £45 90 51 Limghy cpl 5o
3 o3l (eilos b 35 oS § 99.99% ol aoys b g yiesils 15
2 S 00,8 oolaiwl 99% psls vy Lo 5,5 100 51 S
a3 es s 1) B3 ol (i g (stg) S9N CoSmg e Sl s gl
el 00 0391 F50S5 b o jogy bglses suoyo 1 Jgoz ;o uizren
S5 g Sake B Cwlo b 2024 ogll ooliiul 0,90 a3l
ol 00 03,51 2 Jgaz 50 o1 oloess
Frogke 2 508 L (ool ol b plowl jras ) 509 Jlas! jslate 4
bl 508 5| fiashes 355505 350 Aol byt o 25 s 4 s
g5 5 By9 Sl uizean 5 v 55 gl sl 0926 3 IS0 j5 0

R PR obﬁ]

6 o lois 16 )93 1395 D9 )i ()30 Suille wadie

Lol o5s Pls> 5 lacusouals cal glsil (59755 425 (al (Jds ooy
o ol adg slaie, g pdudlasl 5 og golaidl ( Solu .cul
5 Silwg g Ladlsn lio o Lol 0308 oslitul crge Aol jonals
4] el o 0,2

o &8 s g jomals 5l o5 09,5 So (oS 5 Sl CajonalS
ool &S e Dglaie [0S0 L boaisS Cusdi iyls 0dilS Cogd S
Gy jgalS il baoaisS” Cogar IS g ojlail (i jo Wilgs o gl
(Sl ol Gl St Glacajsels b oalis o S S
5] wn 5200 )l 5 (Seislon s

G A Saaeals )d oS Cusl Glapiens ded (o O
o (Sl S S g e Sy, S s A5 (e (oSS
ol Se3slsmn i ol Saete o] e a5 e iy eslinal (gl s waly
Ol 40,5 Giladees] Coio 4 (F)p SIS oy aaie (nl &5
ke 515 A sy @ Gige Tlige 5,5 1000 Sl s Jie
g5 onl J6] o pagll [ 81,5 s P sl (oS 5 cuorals e
Gl o0 sl gl o SShasl u s e 45 0i el Cuels
245 05 Cujorals o Sl okd S S ol e a5 WS luy
GalS el b Sy cnl osbige Shaol sloS 2alS el am
[6] ssce 215 00 g 5 6550 e

Gy s Al e Gl els gl ads slagy, 5l S
2005 Jlo 53l Lagi b sl a8 el lizél SISlasl (s ,51,8
Sl b g b e S5 o8 el 50 s IS iy, [7] 05 gl
oS sl osle calide sla ) 4 g ol Slml IS askid (g5, p (atie
! u@ms O 54 AL 1o oS 15l s 29500 Elyge b Lo o)
Cagli bodd p )Ld (69, (o857 &5 2 planil (pe g 00l IS ankd 0 g
Olyz 57y g osle b ) g )l Sl e 4 a5 (e £S5 > oS
Cjgals g 0ol hb by iz JLSle 8)ly 0aiiS gl (o Js> oole
sads 02y5] anld ol el oo 5l pled 1SS o [8] 05 e UK
ol

Slg; 4 S Slsli sblie (oalazél (SIlasl (55,8 5l eli]
Sl 513 Sy, 5l el sblpe o)ls Cyjpels Wy (i

Downward
Force

Rolating
 Tool

Tool

Fig. 1 Schematic illustration of FSP technique
hazel SWlaal s 515 S5 g 5l ole 1 S

1Honda

2 Saffil
3Mishra

4 Shoulder
5Pin

120


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.16.9
https://mme.modares.ac.ir/article-15-3493-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-24 ]

[ DOR: 20.1001.1.10275940.1395.16.6.16.9 ]

O 9 3,8 (g3l Sumu

sl 9 SSailSo JOlgd ja (S 55 wouans 3l ) 2 9 PhLIE] LS uol 59T 8 douwgs Al2024/Gr/Zr0z (S )5 w3 59305 950 Sulgs

Az bl aSSal bl (H13) 156 )5 o¥ed i 3l oolaiul 5,50 150l
ol 15l slasl 255 o o0lizial I3l Ky 31 #lygms bl o o ol el
9 Facden 6 oo 20 s 5 4 G EE)] g (e G SaB ails L
5 oad oolawl Il 5l sles 5SS o al a8 S lai s e Je 4
ol 00 03,491 T olal puimen

20 (59 ,8m 5 4280 1901000 il 5 sloce ju 5l il 3 slosil sl
@ ories g 0D OBl a0 3 58 Sl aly g akSs » e e
8 plol Wb 255 wuld e 50 OlS SESIESS 5 e @s sl
20,5 oolawl 2KW &jad b 558 olSws SO 5l anl,d plosl (6l

G318 s g2 908 Slinly o Sladigas Jilogyy gy 5l S
Slp v 9 (S300kicw 2000 ooliw U ladiges (s g ol 00y y 0l
Slr G 5 08 (il ol bangs gl dadigel ghaw (35 ieo
0,31 8 Jsiz 15 ol a5 oS TS Joloa 3l Loiges 0,5 (Sl
) 5 oSens Kam ) Sl s ot o ool e o
535 4 o6 a5 (s Jae) g, 5 osSus San 5 (g
o baly ojlail osl Canny (gl w0 I eolaul g (gpaie U
s oolicial | el S5l 51 sl 516 5 00 (55T,3 sladigas

Geb 0ad (5918 aiged e g 5 gl S| i (0]
slos 1 gy olfius b 5,5y 5,50e s, & ASTM E384 slule
A ploeil 4l 20 ey e 4y 9 0,5 200 Jlasl )b g Lanss

ASTM s lastel &b 56 S 535 2 et Dpg Glale G5l
10 55 d Jhasl glajly 5 2o 1000 il 4 5 e sles 45 G99
olSs Lausgi 10 100 Sloy alold 5 aids s yie 014 csps b g g
ol bl 31 b b el (25 5 8, S g s )]
Vgd iz 3l eanlu cole.als (300l 1000 ool U Wadiges yiolw

3
TL
1 =
8
[ [
8

Fig. 5 Schematic of FSP tool with specific dimensional
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Fig. 8 SEM micrograph of the SZ (a) 100% ZrO, (b) 75% ZrO,, 25%
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