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Abstract

In this study, an AA5083/Al12Mo surface composite containing approximately 10 vol.% of pre-
synthesized molybdenum aluminide particles was fabricated using Friction Stir Processing (FSP)
under optimized conditions, including six passes, a rotational speed of 1000 rpm, and a traverse
speed of 52 mm/min. Multiple FSP passes reduced the particle size from about 20 um to nearly
1.7 um and improved their distribution uniformity, while simultaneously refining the matrix
grains and enhancing the strain-hardening capability. These microstructural improvements led to a
~16% increase in tensile strength compared to the unreinforced FSPed alloy and ~20% relative to
the as-received base metal, along with ~50% and ~63% hardness enhancement in the 4-pass and
6-pass samples, respectively. Quantitative analysis of the strengthening mechanisms revealed that
strain hardening contributed the most to the overall strength increment, and the presence of
reinforcing particles delayed the onset of the Portevin-Le Chatelier (PLC) serrated flow.
Fractography indicated a mixed fracture mode consisting of particle fracture, particle-matrix
decohesion, and matrix rupture. Furthermore, corrosion tests demonstrated a decrease in corrosion
resistance, mainly due to the discontinuity of the protective aluminum oxide layer and the
formation of defects at particle-matrix interfaces caused by severe plastic deformation.

Keywords. Aluminum Matrix Composites, AA5083, Molybdenum Aluminide, Friction Stir Processing, FSP,
Mechanical Properties, Corrosion.

*Corresponding Author: H. Abdollah-Pour, habd@semnan.ac.ir.


mailto:habd@semnan.ac.ir
http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

2676-6787 1 S5 S uls | 2476-583X 1L

ﬁ O 5 g (5 55L8 g pale ) pid

jwsti.iut.ac.ir

1404 S 5y 20)les o33k L u,{,djé‘//w,o}ry
OMaw oy 38wl (el Slap wilke S9llg [ S Kol
& 2395 4 Cwylio 9 (PLC) slaly

* -
-Q‘J.Jl cQLM cQLM OKJJ'} cé})‘}sb 9 }l}A L;.NJ\A.GA e.)sg.\l..;h

1404/10/18 1 Ui 5 .1, + 1404/08/12 1 dlie =50 ;5

Sheslizal b el jme Jio 5l 00 se Llue T &3 ez 10 550> L AABOBI/AIIZMO oo & 5u0lS  ias cpl 3
52 mm/mingss i s e 5 1000 rpm i o o b i Bl g Ll s g5 5 (FSP) Sasl Ojen (o550 3
jMLﬁ&TGJ}SM@}\}S{jljum 33 40 20 M 350 51 3 o3Il el Co e sdaze gla b Jlesl i W 5
o Sotaal 16% 50 5al53) a0 o (ol Ly (slas o ol oy S w1y e (ST 531 5 e Ol il o Ol s
55 e 63 5 B0 I s ks el 56 e s 206 eiSy B 03 gekd FP sl Lo SRS
03 1 s e (e S Sl 0L oSl (glap 5l oS Bl s Sl s 006 54 sl s
S gy el G mlaw s s gl O BT s B el LS g s sl plSl 2l
St Caslie JalS 58 So sl mlt g deed eSS 5 ey ) 0T Sl (b cesls Jols b sl
Sty s S8 h 5l 50 s sbml s g sl ST L &Y (Sl 5l iU Taes o 55 T cyssplS

s wpeed S e fab )3

S (SOl ol FOP ( S8hw!l Oies 45055 0t 5o Ll T AABOB3 ¢ o gis 1 s s o 5slS [ gdS SildS

.habd@semnan.ac.ir « 5 Alis e | S5 2SI Cns ¢ s2ame odins 5 ¥ Q)

kB sl ST g a w5 (s IS 5 s S ) andia -1
Ol 5 [1 2] —a S b 5 ol ol s ados 5l ol sl 6«}_:...3.«}114_..3.«) SN PWILY
.b_w‘}: L;)\JJ/ (lﬁ) 5000sz—"" ‘c‘)_"‘*’:ﬁ‘}ﬂ L;\_ﬁjl.:.ﬂ ‘u,;_ll_,,, 44 C,,qju_g ‘(d)j 44 c&;ﬁwq‘ W) YL °}f,) c&:ﬁ.\ﬂ‘

$laos S e 208 5 5 (S (AluminumAssodiation-AA oy w1 sLadUT ad s w sla sy o dd 5 Sl


mailto:habd@semnan.ac.ir
http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

115 113-13542“ c1404 Q\:—V-‘} K] kiti ‘20)\».5 crAA}\g JL» c;}‘ﬁ‘ 6)&.5‘,:.- ‘5)3\;5 K] c‘,l.ﬁ Aij.:a' X A.H.\-..ﬁ Baagit] &)&g}s BV )

D, U s a g Sl b Gren ¢ Sann, )
035550 45 313 OLES W o5 2l apd Lol sl
ol 4 G slin 3 g Eel 6 W% 350> G (gob zuSls
o) 03 (Sel e D3 Sl 6 SEH S w55 | s
s 4Somh sladiie ponen IS e slonl g e ]
Sla S5 —wote Gl ol 6530 5 o san
=m0 glsesls L Lol S S L eslinal (S5 en 5
omman [BlOLSan 5 oslpde a3 cils VU sl
S red Sl 5508 W5 6l 5 0o ol Loy
5 (BiO) sy )5 Ly ol iy 55 AABO083 5o )l
DL oo ol . A3 eslind (ONTS) S slaal J5iL
CNTS 055581 &S J= 55 (bl o il bl (¢ o SKadir 5 sbas
T o 2t ST s 0 Rl e
O_J:'LA 9 44:944:}} U':":'L“” L;LQM&A )\ vSl;— j'.‘." a.Lf:nJﬁLﬂ
D s G Sy sy Sl il glad el
Slace3sls 5 )2 [ s G 3 45500 Ol e
3lie 5 BWI% AlO; Ly el sy 4is AAB083 5 e il
0 il Ol A eslizal S35 Ao ys T6 051 B4C Calses
L as sl olis i Lol b cod s S O B
Caa")}:ﬁls u:n-ll—\n-' s glie ‘A|203j B,C S u:‘:"jj\
Tl S5 s Ser e g bl o Rl s e b
DT o gad den 53 |y st (Godimr il BT 2l
&T}Mﬁ :)}J J:j)j‘ [10] &‘)MJM':}{ a:JS
o e I aa slacm 3 5elS W5 6|~ (CAR)
béu.:_w‘ (SC) cm JJ”LV)lS C)b} L' n.L:-'C,q"}.EJ AA5083
Sy slaast sl (a5l LS sls olas gl s s
3 <al_<.>=:_w\ il SO Lol 5 Sosl oSG ol s 3L
S8 By 5 S s el o Sl e

3 ST wsed 5 CAR gladi s 55 Lo s IS
el Gl sl s Ad e [11] o), Ken

Ol i 48 el 018 o UT (saepos 1
M3 4 s nl3 s o e O (S3UT e 5 Lol
5 S sl (U ol 5 pamis LS S
23S oo 0l E el 550 iliee b 53 (g p IS Sl
ool o glize Cilisen gla3WIT 3 5/5% B O/5 51 s Ol e
LS 4S5 cplSounal 2158l gl 3K 5 08 ol
a3l ool s 5 comnlgl Jlo So)55 40 Conslia
Lyl s s ) o S i VL el sl
S Saup Saslie (o (Sas Cuslie (SS3n1S
Sl o3 b sl ye (ol 5 head] s T 3
(Jesl Bl s e gy IS8 B o S
3Pl SOl Slles DGl pe anll 5 e )8 LB
555 5160-150°Cslabes 3 Soy5 am sl
5 Jle ploual AAB083 ST cula3UT ol Sl yoat
23 peals 0L Ly lala e o plin ol caslis
sslial YU [Lis 03le 5 La 23S sad o« olys slas il
[3A] 555 0

Ceslie Rl skie 4 AABOBS s slacy s pelS A5
G 53 Ve 3,8 e o a5 elS l Rl &
S gelS O] O Sen 5 i Sl el s Ll
053 ,—S1 i s, Ly AA5083/FeCOCTNiMo, (15 vol. %)
ges ls oLl LT 2l odd a5 JUS e (sl
5355 MPaplSouel AT4/5 HV e 0350 L5 b 4y 4w
s 1y S 5 SO s Sles o SV 12/37% J gk Lol
5 5= Sl ity S [0, ks
=l G S plp s Sl gl ek s ads
Go3lUl 53 Sl 5l aS idg ool sl w L SUT
St Cilalay ol LSS oSl o, s F-TIO, 5 PTFE
oy 93l Ol s 5l VL SO oIk e abeds
28 Lk 155 55 SOl 00 28 il s s3] 5
) S5 4 Caslie Sadn 3 et s S 0
o sen sl Slacys5alS 1] Sos iassy o3 s 5
3L Sl 5 (WO) (S 4ol L sddey 45 AAS083


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

113-13542“ c1404 Q\:—V-‘} K] kiti ‘20)\».5 crAA}\g JL» c;}‘ﬁ‘ 6)&.5‘,:.- ‘5)3\;5 K] c‘,l.ﬁ Aij.:a' X A.H.\-..ﬁ Raagit] &)&g}s daes 116

u:"'.'.‘jJ\ LA SO o L;J_.JA_&? U,ZAUJ Qb:j;'.@_'
ool alS s s glas 5 ecel (Bmm) seb s
3,8 s Ol glad s s 4 SUKG
Al T 58 s D3 S Gb sl slp ol e 3
LA eslaa! FSP L' AA5083 CAN}EJ L;\j_v (AlleO) QJ...S.S}.A
3550 02 L) el L2 g o Abol o 5lS S SO
Sl oS plonil 0 ge il JT 3 L g T 5
o en I GLam 55lS A5 4 D155 o Slidos 5 5an
.12_\.«:}3 MoAI > 3 MoAls MOAl, Q\):}JL L nJ_.f:C,qN}EJ
G2 ool s [15] 58 oslal LSy s 5 gl S bl
Eom 03 SlediS el A s ol 5 g Les a8 by OLES
S5 5 Als e gl ainl 53 D3 s s 3B
J_AJLA& kﬁjb b.LS\j.l Q)}*p@ Losy 9 C,q"l.é_v DL ﬁAIZOg
S i gl 0 e S SI[16] (6 s sallie s
oy A el ol sl el (M}ﬂ g
slos U ol b S plsil 555 0l M5 0 S e
e sl )3 S 5 aelil 5 sbwl 4 e 00 °C
Sl O g0 ST 5 p s Il 535 (6350 LD ) e
VUi s ol 3,158 a8 545 eslanwl 55 a1 sl
Q\): J_:.S}S j—él:- L;_:E:J BE L) sl a:)jT [17)18]
SO LU iy L exSitU oy o 4 s
o3 et bl s 51 kS 53 5o (pl Saesi b g el el
s A 5 C 5 selS FSP Ul 3 sl 3 AABO8B3 G 5
23 <=l_<_>=:.w\ ‘_;Lam-.:jl_(ﬁ i s ks Sl alol> (esls
j.:}U — oS CH}EJ jﬁﬁ'u cﬁaﬁ)ﬂls (&:ﬁ.’_w\ u:"'.'.‘jj\
Sl 23 U LS e 5 laly OOl sl

el 4 S5 Em 3,50 S, ol

\Auﬁa})}bbﬂ—z
S5 L 10 mm cwlss o AAB083 SLIT slags s

Lol o s oo sen oIl ey 5008 55 sl (1) s

0350 5 Sl &l > Jlasl L s il (s
5 oA S 58 DS G S S e (Sl
Sele 335 J S s 4 FOP Lol e aie (g5ludils g
St 3l S el ((SSidsm 5 el s e
i onyian I anl SLalu s pelS Pl s 5
b S5 5alS [12] i s Il Ol 435 e
S A S ol p s iy 55 AAB083 ¢ 4oe o]
2s QLS Gl ol s s A5 SWasl O5en (555 2
sold 55, FSP Salus &l Sl ds 4 Laails o3l oS
35 g e Sl s S S g e YU el
il Sl 5 palS b Y s e kil L
FSP L sdiis sl B 58503 5 4k ST 4 ond (6 5V Sl
S 25 O Sl 5 eldedoln las 0l OLES
S ol b S L mske aled 55 2y 558
Slaaised 534S I 55 b o0 silenS] 5 oo ¢ 5
g 3l Ls e @ IS VL el 53 @S FSP 5 4L
05,5 e omed .43 S sdalie Oad VY 5 il
AAB083 ¢ 5in 1 oy 55alS T3l Sl eslizad L [13]
S sls QLS il s S M S8 ol b sddcy 4&
i e 53 S ES O poa sl 5 5 SO
S5 AN (g5 e a0 we 503 5ym o Lol gl
iz g Sl 3 Susl il o Y pl s
G 53 S sl 1S Db (g5l 4 sed 4
Ly AAB083 5ol an sy ot ZuseelS (9],
Zr0, 5 SIC Gr Al,O5 ONT ile iliss glasdiiS oy 55
L aS 5l Ol 3 Godod ol gl A WIS PSP 55 o
Ao amen 5 Ol Gt 5 S e GRS
P e 5B S sbe (UTS) lg 23S oSl CNT
Zr0, 5% + =3l £ 10% 3 plSout il 5ty A s
W5 gl FSP 4]0 en 5 ol el sty (o)
sy 55 AABOB3 p pie T (S ot oebaw Glay § salS
Els s S el gy s D3 5 oS sbaddSU L

s ol (10mm) Lo i s st 54kl o5 5l 0L


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

117 113'1354"5&9 c1404 :)b—mﬂj 3 J.'.‘it!‘, cZBJLQ—:l crb.\}l.l dLﬂ c:)‘ﬁ‘ 6)&-:"’: 6)3\.'\3 3 c".\.ﬁ 4..1.}'.:.1. c)"g 4.“.\.:.9 Cf“’ 3 &}\f; Hoes

Sl dd La S AlMO (g5 6 o S 5w 3550 5,
Uit oS 5 A G0 bl Sl eliledl G e LS

ﬁjcj_;gd:},am);gjﬁgw&i;h&}u

g_,._:sj_? LAY C“i}sj |.\24\.L.3 aalanal sz.lﬁ O g_,..:sj_? be
S50 S Gold s bl s 5 A5 Gl IS Ll b (5l oy

O}—“-“LS)J‘HJ“—:’.'%)‘J)%°J—‘;4—:T’J@M}T6)J

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

sles 5330 mincss 4 S35 4ges Il 7] s eslinad W rbu\ S8kl
sles a5 °C/min - L aelsl 53 5 (6,105 420 °C

3 LS)U@&"/. Les L)'i‘ Br 30 min de 9 oLl abﬁ 600 OC '6}"‘):‘3‘)5 Ui’j) * (Wt%) AAS083 5\:“ diw V:S):-lJJJ?

Al Mg S Mn Ti Cr Fe Cu Zn Pannd

LS S e Jaes gl U e
e S o 9321 | 48 | 09| 04 | 02 | 02 | 02 | 002 | 007

39
-+
1300 |
oo Ol e AlMO w5 (ol 558 e S 5 oy M5
Vo L e Odedso 525 bslon SIS (ol oS oy 55
i 800 —
700 Ca,Cu,Na,Pp,Cr,Mn,P,Sn,V,)99.9% o =
- 600
o0 S ks 5 (Zn, W < 5 ppm, Fe < 35 ppm, K < 15 ppm
400
- (Olozel L) 0dd e sl &8 3 Jseamme (D90) 10 pim
100 — 7. - 5 - s
IS S N US| YUY (V] Ju 1 R (O PP R O
10 20 30 40 50 60 70 80 9 dj_m (DQO) 20 “m )| J_:AS Ls_,\d M|> M L}_ﬂjl}. CHJJT
2-Theta - Scale ;
S e e e | i (3 G S 53 ) Alpoco

Sl s 270 rpm e e L 05 K5 5V sad S
xS s Olge o Ll Sl el 035551 L 560 h

A eslizal 0851 58 sl s Al b gedS

O ge 3 X 5 A o RN-2 IS

" AccV Spot Magn o Det WD ‘Bxp t————— @oum
18.0kV 5.0 10008 SEe 134 1

onl o3 oslinal 3 5m psmn Il 35y S S Sy Koo e -3 IS AccV  Spot aga ‘
15.0 kv 50" [2000% 102 17

)“;&Jdn)‘x‘du\,\:}jﬂ):ﬁ)‘ u.:j_/,‘.'.{.“ @)J@ﬁ)@‘lp

Sl 0 n:)jT&z_‘-js J)J}:)JJ{J@ "‘J’"

Jodr 53 5l ojled D3 3l da (go3I3l (D90=20 pm) e
o n:))T &.7;)5

[ DOI: 10.47176/JWST1.2026.09 ]

e b gl S8 4 FSP il 51FSP L o pelS W5
S5 ks s sk b 518 B L osls Juls ls e,

ju,.:u}.u:,{ujrt?uwgﬂ\”;xywmzo h s s


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

113-135425-4 c1404 QM} K] kiti ‘20)\».-'.5 crAA}\g ‘JL—: cb‘ﬁ‘ ‘5)&:.‘,;.- ‘5)3\;5 K] c‘,l.ﬁ 4?.1':'5 X A.H.\:& Raagit] &)&g}s daes 118

s e 51000 rpm s Seelisly ix o s L6 24 L
ggau?bsgujwj&wQsSme/mindj;ﬁ
SCH S s w5 Sl DS D i Sl
s Co eSS alizel 4l s eSS g8 Ol 3
Lo g8 ol o Lads Slisea L i ol >
L eols 0L aloen 4 plosil 5 ol g OO (550
Sian &) osle 4ol Ll S5 s S anlia
e 3l oS Ly 5 pazm S) ool 1096 550 Laes el
555 o eloms 803 5 50lS e o LS ek o

[20]
bslos 5 adsl sosm a8 5 G0 sl aaia
e JeoS s S Sy o b el s L
L o (sl g5 Pke Slidss S L) Tescan-Mira3

Unit = mm +——

Cross section sample

Tensile Test sample

= SIS e glad gad plpuiad Coxbge 5 RIS & yad slel=5 IS

.;J)?j&isdijg?wﬁj

axil b (Ol s&25ls) Bruker-D8 Jus XRD o&Kis
530 MA oL > as s (154 AL, 7 5e Jsb) CuKa
dol- sl uns gl » 10-90 ° w sl 5 40 kV 35
Leaised 55 phate da Cojpels A5 Sl ey A eslinl
[21] ASTM E3-11 5 lteal 55, 31 5 plowil (5) JSCo 3ildase
s S ey S 5l s B8k 6l
5 Goltlay, o n &l EDS 4 sgme Tescan-Mira3
oo p Glp e s S Osesl 5l A eslizad Lakils
S35 2 S Ogesl A3 4 S 0 kel (SO ol

u,w;-.k.:: aalanal 05&14.0‘ djq.ﬁ LS)J‘}‘, LS‘]'G mmj5

Counts

400

Positon[*2Theta] (Copper (Cu)

e I Gy s Al g 6 b e X 5 3 2 b -4 S
):&thu}a)}S‘_QJJOB h;)LA)'QJAA{;):JSDQﬁ
cqjjwijO °C sles ;3 0/5 h ux 5815 °C les
0/5hQJ—AMSSOOC)AJ_:AJRTLL}JAJAJJGJJJA
Laess, (lj [19] HRC 55 wa\_é" ST A OALL Cwd 6‘;4
i Sl g Sasl3) Ll e el 51 mm

A a4 S e 5530 ssd (s s b

Gas ) s JSC2 a0 117%225 mm? sl b lakas
A oo 3 03,8 Wl 6l s s esls 5 AADOB3
53225 mm J5b 54 Ges 1 5o U jLs SOl 5l
bl OF Jsbo sl s 5 (gloyl 53 i abes & Gy Jaws
o oSS Dld 85 05,5 el 5l e A (S8
.Ma:ﬁéw:l{jaﬂéu\)w&jjég&i}Q)}.,a
ol g g 4 a5 O3 ) O Sl Sl e
SIFSP ol ol Jlesl 5 13 s BB 1l G5l esla]
A esls e DLt S

H13 5l s¥58 placd oS 5=20 50

Fe Cr Mo S \Y (o Mn s

M)A
90.12 5.55 15 13 0.9 0.33 0.3

3Y)

Aol :\M):&id\)b)\ﬁ\l__'él.(h,o\ Oped (590,08



http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

119 113-135425«0 c1404 Qk—.«.ﬂ} K] kiti ‘20)\».-'.5 cﬁé}\g JL-: cb‘ﬁ‘ 6)&.’3‘,:.- ‘5)3\;5 K] c‘,l.ﬁ Aij.;'a' X 4.”.\1.9 Baagit] &)&g}s BV )

(600 °C sles) 6,55 3 ole Sldes 5l g 560 D
33 S s s Godins OLis oS el 0l 03,51 (6) IS
53 sl T O3 (55058 50 ol DA g0 e T i
oSSl o3l L 5 (655 Ly oS o a1 (7) S

Image) ; ;a5 3 JUT 155l o 5 SaS L) s 20 s

3 I ®
1 ® Al
E ® Mo

200 ® AlpMo
’5 N
& ]

o ]
2 - .
8
= 100
[ ]
[ ]
1 ° e 9
[ ] ° ® PY
& =
10 20 30 40 50 60 70 80 9
2 Theta (Degree)
°
E 0 Al
1 (=)

i 3 ’ & AlsMo
= 3 ® AlpMo
< g
N
>
&

2
2
° . e
PY [ ]
° L] °
[ ] o
10 20 30 40 50 60 70 80 9l
2 Theta (Degree)
600 C °
E o AlpMo

500 °
2 9
= E
d E
~ 400
2 4 9
2 ]

§ w0 o
=

2 Theta (Degree)

.bjl?u! Ls""\":’ é’K” LSJL"")nL‘..ﬂ BER*) J\‘X j;j'i w‘ﬁ C)b'6J§..::
5 Sl LSWTB0h = 540 h = dll 5l am 04t g0 5 psne )]

S1y JeoSS sl 0 S 2 2le Sl Slkes Sl -

33 ek oylil Lol o3l 3l i S) subsize slad sel
55 [22] ASTM E8 s jluilecl bl 5 (B) IS (51!
STM400 el olSaws L 1 mmimin G 2is e
s b o e A bl (Ol oIK15)
(Ol olK2315) MMT-7 Jus Buehler i bews S
ASTM E384-11 5 lulewl 3k 15 s ol; 5100 g L s
Pl g spme g ses at (Sl s w s (23]
Sl Syl sy 0ol 2 2 Osm31 511 S35 55 0505
[24] ASTM GB1 5 |kl U solas e gas S5, 55 b
R O e SRR S
LYSJJs Origa FlexelSws L il 5 eii (csbe)
5 Je A8 il ar e 55 S L (Ol o8 2505)
Sy edsdmn 53 O a3l . od S alonil 3.5% NaClJ yloes
0/5 mV/is il s e U 5ljlte iy 4 <3 300 mV
oled 55 BUI slas 53 5 lem® cols U mlaw 55,
52 h e a bag gl gl plowil 31 13 A plonil LS e
L s els 51,3 OCP 5L s il b 55 Jloms

Dy Jol Sl Gl il slie

Loy gl -3

oS Sy o5 O3 M sl (SO 55l5WI-1-3
b e S 5 s S (sl SOLSG (g3L LT S
5 LS ol SOl 3Ll as a S o e AlsMO
Sl a iy slge 5l (ol e b BT 55 g Sl
(e b g Sl G550 B s Ol e s o)
Foow e gl B L bl 5alS 5 OLS S ekt i
Sy Mg obygel 3lsn g Ll il 3 Mg (o]
osll 3 o3Il 05,8 5 = 5 Solwa b s V- s
[25-28] 5 s

Sl 53 ke a5 (sla sl Sl ks Slides 4 a5
55 Al b [29]s eslizad AlMO oS 5 (514l IS
A0h e o SO slsUT 5l ae ol ag 5l S


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWST1.2026.09 ]

55k VL SFE s e Tadme <o e T la3UIT s oo
Szme psdd oS J ol I w8 Sl s
S 3 LT 5 S el e 135 s sy Sy
Ll 53 SFE 03 ol s ) 555 00 (55 sk Lo ol
g o2 W Sl Sop e 3 el g4l 5 e
ok 53 (asd e S T 0 (SO 5 1SS la ol
ady bl 4 e Sy IS0 o pdn Sl sy s
Sydgn sl ity S i walsl 53 5 el Lals 5y
=S S s edd Sonp e an aib Bobs o lady ol &S

[32-35] &, & s s slaals

it sbds s ol iy mlS sl -2-2-3
Sl 53 sy S Sy Sen s (9) S s
e (9) 5 ol 53 (W) Glacasels 5 228 5 0, S0
S se Ll T 3 (55l AABOB3 (sl selS ol
S a3 ol 93 3l day 4 350 e a3 el 0 03
5003 0ds Glad et s 5 ool Il el 51 5558 Sl
o3ls (Go3) 55 b Cand )3 D3 Doy (Al s
Conss e ol L (9) e 53058 0 0 75
L el Cldalie a5 Col 2o (9350 U gl b
o3 i alS ol Sl el Wl gl S
L36] ol sas Sl MalS oS g 45 gy 4

C s s S s (W) g oS S s
Shday 3elS esle Sl 51 (S) (2850 05,53
b 55 el 0l 03,51 (10) IS 3 FSP ol 2
odd osls ol (So3) 55 o eand 3 0diS o 58 D3 )
Olyme 4 Llg o Wb 2 Jlesl by oo Jhad 4 1 555 o
olde (5, 8 15 50 Ly o janelS pl A5 55 g el
OF (5 g e 3 Dl o S ) W ey ol
S5 = TS g Soso wpss el e sl 5l Ges
e i S Sladew 5 ol 53 1355 Olpe (U3 oL
(7] s 3) ol o5

5> 3 pSSlbe o3l 0d g blan T 3 DS 5 Sem T ST
(Imaged L (5,8 o3lul) el 20 p >

ol gl ) 2 -2- 3
als g4 pe-1-2-3

2l PSP (ge sad (5555 (oS S sl (8) U2 5o
)l.::.-l_wj.l) (QLH) w C_,..w‘ ol aJJJT a.k;.'S &:AJ”_}SJ OJJJ

3 el FSP a3 () o3 5 1, AABO83 a5l (osle
S el sl amlis Sl sl s o OLES 1) esle ol
Coale s oS ol &ls g, YulS FSP a5 bl
B5H 350> 3 4cn g4ty gosldsl [31] ol FSP iyl 5
Los il 3 s s Sadly I8 i sladul b o
Sl s sl ey e Olsjen [ i Jlasl
O3l 75 5 Lel oo 5 Ls wils Oy ol (gol by
(DRX) Ly sdeme s sk 5 3dme s ks ¢ ol 3b slomp 55185
e 53 oAb S350 Gl e I . [32-34] 50 e
S s e olael S o0 B 1 5 el YL (SFE)
3 ey ey i Bl il 5 esla OF 3 (6o
L e jshd 5 (SOlSG L o 53 2L3L) Ly bt
b Sl (2,8 55 s bes ST o 0hns 4258
S5 s sladls ol sl slas e 4 wsls oS sla)
LS o IS ) D o e gladls 5w o 5l el
Ly sdome sk (10 o slgndey o5l Cilisea ¢l 51 .[35]
W] R g A o Al g SLg e S Jel
Cow 3550 Olizmas s g FOP 3 oluS i35 oS5yl a2l


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWST1.2026.09 ]

.

121 113'1354"5&9 c1404 “)bam-ﬂ}j ) Li cZBJL«—:I crb.\}l.l dL.d c:)‘ﬁ‘ 6)&:‘"’: 6)3\.'\33 r".\.ﬁ 4'.1}"':". c)"g 4.“.\.:.9 CJ’“’J &}\f; BV )

MIRA3 TESCAN|

SEM HV: 150 kV WD: 1521 mm
SEM MAG: 1.00 kx Det: BSE
View field: 208 pm  Date{midly): 01/13/19 RMRC FESEM

3 ey AABOB3/AILMO =y 50alS bt sy slacsl S5 S =10 1S
u.:j_/,‘.'.{.“ %ﬁg.w)_)g.:,o‘g._)j gé}}} @,J,@-J\FSFUAA{W

u;*:’-ijj

S elS Sy S s (11) S s
S 5 ol s 4w FSP L 23 5l ax AAB0B3/Al,MO
sl osls 0L (Anlon ) S5 s S 033 SO pbeas
7.5a% Mo 5 92.5a% Al L% +,5 3| fol> 5Ll
AlMO o3 cpl (5 2058 52l XRD il a5 L 48 o
(12) Uz 55 35 Lo sad 53 3L (pl Camdsn i3 g dalps
3ad 0 oS i O3 (goslbl Sl el 0l 034

«orl 2 [30] (Imaged L s S o3l ol s, 1T
Syd d el O 8 Dl (el talS 4 e FSP
el ol LT gl il 10%

el il s Sl 55 AAB083 by 5l kel - -8 IS
(S8l 03,55 on Ceand 53 0 FSP AAB083 Ly, -

SEM HV: 15.0 KV WD: 14.81 men

SEM MAG: 1000 x Det: BSE 50 pm
View fleld: 208 ym  Date(midly): 01/1319

31 A FSP L el A 55 AABBIIAILMO & 5uslS 3l S 5 S =9 S

.FSP u'“\i )L@;;‘g._))gwli )J‘J‘



http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

113-135W 1404 Ot:—m-ﬂ)jﬁiti cZB)LQ—::I “..AA}L; Ju ‘bbg‘ G)K.if 6);&3; c‘,l.ﬁ« Aij..";l Y} 4.“.\.:.9 Rt &)LJS RV

3000
2500 Liquid
2000~
—
2 .
S T t
k= AI63Mo37 Bec
15004
/ _I- AlaMo
/ 1 Al3Mo
1000 —
= I3 2
|
e € 2= <
500 A
o 3 .2 0.3 0.4 0.5 0.6 0.7 oX:] 0.9 1
. ARZ2MoS
D Al x(Mo) Mo
Al -Mo
Data from FSlite - FactSage light metal alfoy databases
3100 : i Faqtsé‘ﬁﬁ
2900 F
2700 | Fe-LIGUD
2500 -
2300 |
200 F
a0 £ Mf,ﬁ
AT
g 1700 £ =
=
1500 ¢
1300 f
1100
Alby=)
a00 |
Al Ao
o0 ¢ = i
A FECEm 4 pre)
200

0 01 0.2 0.3 04 0.5 06 0.7 08 [E] 1

maole Mo/(Al+Ma)

(<)
Sl [38] 5 cors avula () Al-MoO b5 s 5al -12J§..‘:,
[39] - o FactSage | ;3| [ Lo Clus gl 0 K53

Sl Lol -3-3

zl Al slad s Gas 2 SiS Osasl =t (13) JLe s
(el 0l 03,51 AABOB3 (slads s (gokis FSP iz 3l el
jrl}u‘ U’”L."u:“‘:“j)l'é;: ch)JFSPc.Li a)LZ‘AsM_’i_vLQA
A bl ag esle gl AES 4sed 5o il
(Grdn S5 pn 5 (S ool oa) o3le (128 ol
J).\_>-44.~275 M%J‘Mr&aﬁ'd»‘w‘ Y8 A
SeemeSs B 0l s I b sbsyl 5 (124 %) 284 MPa
o SOl bl sy (A5 8%) 65% « 60 %
e Sl S5 SO s s Ol 35l 5
I ks Jlesl Losas osjls 5 3 ) s Sty IS
Loy bl el L ladils Ol ) 4 e s S2udly

<o
4

SEM HV: 15.0kV WO: 14.79 mm
SEM MAG: 3.00 kx Det: BSE
View field: 69.2 ym  Date(midly): 011319

L2 =270.31 nm
. -

11=54332nm ¥

e ~ EDS

¢

SEM HV: 150 kV WD: 14.81 mm 1111l
SEM MAG: 10.0 kx Det: BSE 5pm
View flold: 20.8 pm  Date(middy): 0111319

15000 Al ,
Elt Line Int W% A%
Al Ka 43098 77.31 9238
1 Mo Lla 2980 2269 7.62
10000
5000
- MoLp
| MoLc.
ool o .
5 10

122

keV

FSP 566 31 s AABOBI/AIMO &y ) suslS bl sy =11 IS

el e, UT 5500 a5 a5l 2051 60sS oy 55 0,3 (o3I

il Aol B ey s I3 il &35


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

123 113-135425-4 c1404 QM} K] kiti ‘20)\».-'.5 crAA}\g ‘JL—: cb‘ﬁ‘ ‘5)&.:3‘,:.- ‘5)3\;5 K] c‘,l.ﬁ 4?.1':'5 X 4.”.\1.9 Baagit] &)&g}s BV )

Sl B Ly S5 A, 5 LSS ot ] oS el
Alozesle gl ISE L (Sojir 35 6 il <3 L
ool Slo e odle g5 51 e s Sdly IS8
Sleel el Kby S a5 Ol jzn 5 co3le (S5 0 ol

sl
O VU plad 3 03l 258 OV (sl e 3
JS2) s e sdaliie elili - oy so ki L ) 4y
b gn okl 5 Ly (2557 ol 6 S sl 0oL (18
Je oyt o e 55l glasUT b Yels sl
i 5 S oS (S esle s Al-Cu Al-Mg
Sl oS 5 5 ol e SIUT 5 058 S5 LY
b ol a3l ol s sl 0o W5 [44-4T7]
e E 3 kst e (SUT e 35 5 s O le
Gl i bl bt (VU el ol Jast Gl bl 4 s
Syms M 4 oS sls sy 228 15 0T 5 s 5 ssled
o s S bl s JAT] el VU s 3Ll gamio o
e 538 O3S Sl s sl S sla S
=S Ol a a5 Lol lat Ol s eisl |
L i (S 55N Ll o0 0dipd Jo e 32
il il 5 llae S5 B Sl esls nals
b Sl 3 (50 @ g sp hadl S Lol o 5
23 A0S a5, e O S 1 5148 350 g0 ] ol
F U PR U U WSV I JCE PN
O g b ea bg e sl et nl 5l b plmls
sy 3l osluss S B s (bl eg) LS
e 5 oo it S bl (sin 54y £3,4)
i 3L s 1y i O (go3lr ot 15 (sl s
311 e a5 la ol 5 4, VU 25 &S by b cdias
et odle D i nl (ps sl s> 23) s
S ey b 4 S5 S B U g e edalin 4l 4l
Lo olonl s(Los) (5o o 00l ol 5 00 i3 OISl
Jgmems (v )lS oS (sl ay OB OLL) L il 3 5

(a ndsl) olely O g5 25 0l on elsl ey 05y 518

40 A1) ol sns s lis SulS esle slawls

350
325
300
275
250
225
200
175
150
125
100

75

50 [+

25

Stress (MPa)

0 0.1 0.2 0.3 0.4 05 0.6 0.7
Strain

8 (FSP 03y aly 5B) bt (s sad 535 S 05051 - 13 S
FSP B P4 b 2L el 5o mh 2Ll

S 3l e ol SIS sl G (s
e vl ol Licead gy S0 5 ool S
s ) Ls Sty IS0 s oS olpe 5 okl st
L slesle I3 35 s Sl 55 pl e OISl S s
A Sty S Jls e 3 s YL e
Ol e Joalge oS i oy 5 [42,532-34]
[42 A3] el s

b ge an o Ol gl b aly, G kel S5-
ghen Ko il ami 53 5 S 5 S, O
e et Sty S i s e 1 ST
o 53 5 0Ad o IS p s s ed s A5 Ll
Il | K

s sk il Saale i e esle A0S IS5 i
ol At 5o 5 ele a3 Ladlls S ESS m5s s
Byt Sl JS2

Sty IS i 3l ol ool VU Sl S~
Lo ploml oS o ol 5o sl mlseslaml & e il


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

113-13542“ c1404 Q\:—V-‘} K] kiti ‘20)\».5 crAA}\g JL» c;}‘ﬁ‘ 6)&.5‘,:.- ‘5)3\;5 K] c‘,l.ﬁ Aij.:a' X A.H.\-..ﬁ Raagit] &)&g}s daes 124

Lo o lom 0o sl 015 oo 1) ol ol s 258 e (slaly
Sl aS Sl FSP 31 il i Sadly S8 i il

LS o $ S S bl oS~
S b e otss b B 54 GlacspnlS 3,5 5 e
ool 51 VL glady O (gody £ 8 Sl A5
O S Sy S D3 s Ul el 2y 58
$olate o8 s 5 ol oy il Oliioes Lo 5 Sl
Slles a8 sl ol ooy Jle Olge a4 ol o 55158
S Sl el (5 55 gy O3 ) S5l sy
L OTL 503, arlye B L 1y (sl OB 5 0l Sl
Gl 1 les S 83 ol gl p e s 5 [50-54] ws e i
e 33 o BB s D3 S s e Sl edisd e
03 ek Ta 58 03553 H 03 (Sl RS Rl e ol
[56] Al-Mg/B,C ; [55] Al 8090/SIC, sLsc; 50lS
05333 b oS el o odys Il b ead ol 5158
S G = AIFMOIALDs 5l s gnST L3
G308 S il pd SUIST] il (555 ¢ 5 (S Gl
(S sipe SUT) wny B3le Sy (155 oS 3L G165 &
Mo s 6ol 8 ediS iy 58 D15 Do g5l Al S S
D55 S s 0 CaalS 5o e el Gl (S
O3 035580 31 53 0T Slacie sl sl LT Sl
i Wilos S o,Lil e pl Bl daly ralS sdiS 4
S 03 rle 155 &S Gose 3 oS Ly s e D058
L s eddl Sl oo oS L5 3L €3l YU e
Sl s bl U aS) aisl S5 a5l e 3 6310
ks S (il a3 Ol e 5lsSe G b

s el K s O ILE SIS sl

w5l g 53 (glaly Do oy g5 Jlou 25578 dsdr

DSA ¢34 il 555 oslo
0.1 Lk s~ AA5083
0.15 AAB083 + 2FSP
Failed AAB083/AIM0/2FSP
0.25 AAB083/AIMo/4FSP
0.25 AAB083/AIMo/6FSP

Sl Loz 5 RS 0 edipd o e CBLE 4
o La ool o sl lawl o S slasY g 55 .[48]
m Sl sad 53 5 el el G S el il (5,8
oV s gabats SNl 5 55d 0 b EES S
ol gl slse (1 sl ks (sl

OS5 4S 355 om0 edaline (13 Ji.w) Slpe OV o e 53
ga el D sline iz slge Sl el Oew £ 5
@35 2B L el B Alacy s sels 55 gl il Ol
et SOLSa ol ol 2 g5 5elS) Sl 03 ol e
s 3 s (555 o Eow aslsl s &S il esls LIS
o3le slaly Oew g5 75 3 b Lol oS 2o & 5 L
el g5 Sl Y Slm GBS sl 35 e
S et L Sl o (L) sabols 5 (&) sl oM
sl S8 > e Ol oS (bl JK) L bl
25 (sl B 0le3) goslrl 0T 035 iBsia b 5035 Jas
Ol ooy s o | 0l s | L;l.a[,sl Ly bl oas
[48 A49] il o

wn (1)

. _|[e=< " ¢kTh
¢ aC. LNKU, D _exp(-Q,, /kT)

m

Ci 5 wop ST sty J e lale Go 0T s S
B apd b ply ol Wl 0 18 sl p3Y ke
labr o ble G odipd o o3l 5 2bmlb Lsy 553 Unm
=138 ol e (6551Qm 5 8y 5 Do (=
r=Ne® 5,55 b o T opetll bk lipd |
L yﬁ@.w\cﬁKemj(u st J)
A3l o BB Sl Sl OF 5 ol G b il
Sl 3 oS o 5 S gy S el s (ol il
o3le M i 3 4 sl 3 Ll Csl Kl 5 e 5
Gl i sdalin g5l i 50 b Sldalin js 5 552
s o3le gl glaly OV o5 Sl 255 3 Jsur
FSP o 55 31 e 5 OFL 0= Lo Ll 5 55 ol
fart e SRS s Gl e ol 0115 L
OO [ 34b 53 5 Eelb FSP ploil a8 5505 0 5l 0L


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

125 113-13542“ c1404 Q\:—V-‘} K] kiti ‘20)\».5 crAA}\g JL» c;}‘ﬁ‘ 6)&.5‘,:.- ‘5)3\;5 K] c‘,l.ﬁ Aij.:a' X A.H.\-..ﬁ Baagit] &)&g}s BV )

las Ml 5 5l bl g 8l | s
FSP 555 55 [1558-59] 515 adal; e slos b (5 5
Dl 5 el (S JU e glos Olje o i

o3l 5 ISl w ansly 5 sles o sl Dl ada-
el OF LS 5

So i Do Ol S e e sl sla el
235 2 Sen ole 2 s Il gy b Ges Oliee ol
Als 36 esle s Les

3200 il ol w s Lol g losle s ol e
el pge led w55

33) o ol s el (gl ST oS Wlesls oL Olidiss
3 alez) 019 T L0/6 cossims s ‘(U_:...:»}ﬂ Sy40
Sla bl W5 4 das o a5 [60] ol (p e o1
s 2 sl bl «) dislocation punching 5l s~
i ez bdl pl bdes &) Lilg e (o> bl
Aaly s s s oy onl Gl Sl Ll 5 gana sy JSS

S8l sl s sl b bl ol g 5 el
cw‘&u:ﬂdb):n:u)u;)}:&)\ﬁ\ L}'ﬁjﬁ
as g Lo dalesr olanstl s a ) Ol o 2o
| plSowal ity 8l s o3l il g (B 5 2) slaela
el 4 by e Sledbl 4 a5 L oS 5 S Ol Ol e
Los sl s Ol e 5 S a5 55 5[62] 286 A L
j‘jp=0.1vol%w.?p-jm5‘(470°C) 0.75T 25 L il
Ll el (11 JC8) d = 17 pm siss’ oy 5 s
.l 10% L 33.3 MPa

Sz (e s ol Glaails 0053 5) p o 5 003 p S
)A&T‘;'_W‘)L":J?;Aﬁj&jJA{c.ﬁ)‘xéﬁJJU}Lﬂ))Qbs
3 SBlbl 5305 s an Ly g sl 5505 laedudy (OB
adls goslal als el pl g s 0 OLAS miu 1) 55
sl 0l oLl (4) alasly 45 oS 555 e

1—_%)“3 )

D =d(
Pp

C2splS IS el

S deny e b a edeS Sy R 31 AI-MG slasUT s
oxle (S FalS 5 plSomtal (2l el FSP ol Jler
Ms a0 b 55 53 FSP dlasl s o (s ndy S5 Jlne L)
kS pole (9 JS2) wny o5 s il 5
S 3 ool S (plSonal 2als 30%) S 0L plee
o= dgm g Jodo as o diS Sy 8 Sladdi (Gl Ly plS
Use ol 038 Jas imean 5 (S sal) Slaess o
Sl Ol [36] el (S5 Jt) (2 55 s ST
b (13) IS 51 o8 0 sSKlen o 350l 5 oSl
e latassnels 55 10,316 59 550 (5w s
20,513 50> 5 e B FSP el b 4 ol by 23
e I G g e P L L L
60 550 ssu> 55 Lo 55lS g pdy JSK8 Olee o5
s il das e OLES rals b B 4 ol Ao
10 2als 5 ol sosn T 2l33l ol 6 4 4 51 by
oSl 153 Jalse el a1 I b 5Ll s
3,5 S b 5253050 03 Olp o 1 S50 ey slae S
[1-2,58]

o3 wny S e fad > bl 5 L plSoual 15
GRS S s 5 Gl Bl o e SNl s
ey

(D3 gy Fl s ane s baals Ol -

1 s acwe 3 (subgraing) s S0 sadls D -

C)b} )}9-)

0=o0,+ aGb\/E (2)
124T(AC

p = 12AT( )‘pp/bd ©)

Olgme amy D3 05,5 Jos o s VL (e 25 5=

S e s Sty 58
5oy o (Smte b 53 sl W g) Jol ol
Leen sLas U5 (55505 VL slales 51 a5 sls oy pals
il L (6,5 asus Jhas b s dee) Lpd e S

S a Sl S Olpme Lk 0 (6 0 el (o5


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

113-13542“ c1404 Q\:—V-‘} K] kiti ‘20)\».-5 c".h:}\g JL-: c;}‘ﬁ‘ 6)&.5":'- ‘5)3\;5 K] c"lﬁ Aij.:a' X A.H.\-..ﬁ Raagit] &)&g}s daes 126

0dys (8) adaly 53 a5 STlen 135 o Ty 35lS oSl
Gadaly ol ol 5 s i Sl Olges 035 0
b el L e s S adaly 5 1S Olpes b it
5 50lS SISl (1580 53 033 ol e 103
Ol w353 a8 8 B8 s Lap 5l ey I il 5
) S s Slodimn Sl s FSW L FSP s 25 S
3 E SO S (T S e (S ey S
Sl gl el sl Lol ool Jol > (amey U
s [B4] oo ol (28 Olis pen 5 (S5l e 8
23 ey S el el &l 5550 opl 53 e ges ekl
Dl Ga i S Jnlete (oS 5 S b S
3300l e 2alS o b s 5 anils 13 (advancing side)
rSls Ol i cosle ahaie 53 25 byl el )50
S S el e (NS Ol ) s 0l
= S 5 (8) adaly sl esliul b 5 (073 € 554)
Olsze ey sl Sl Lo ssl s a1 plSonal ol

g p o358 Aol b A0S 5 e Do 4 JU S

== == Pin=3mm = = = Pin=4 mm s Pin=5 mm

Advancing Side

Retreating Side

Straln (mm/mm)

-6.5 -55 -45 -35 -25 -1.5 05 05 15 25 35 45 55 65
Distance From weld Center

Advancing Side

Retreating side

Lol B s S5 S (el dle G5 Fr S el 43)».}-14J§..2
[66] 51 el [ 5 [65] 51VL s (FSP L) Fsw

=R Sl el sy 5w 53 w8 e bl ioen
alS a8 sl s (s o 51 s b beb L)
el Sl 5 DS sy o 4 o5 &l o3l
53 sdme i o Ll sumes il 5 s ool oS >

C,‘.w‘ ol QAJJT (5)&‘)
b - d T[_dz 1/2 (5)
° 6pp

e Al o oS anlllan 5 5e oy j5elS s Jl-
Je 2l sy ol 5 Ol s s Szl IS
O O35 e fds s Ly sz 5l 5 Ly 2L
osbn L b 5o eals el (Ll 4 e S2dl
S Els D3 sl (2l 3 [1536 98] 55k o Std 55
Olsn o355 oo (A 5 3dmme 355k3 15 @) wls 50 oS >
O3 ez S 5 a3 555 51 (Dg) el sl o3l

[63] T s < (6):al, 5 (Vi 5Dy i o)
Dg=2d/3j (6)

S il Olsae 5 113 pm L ol 5 dasly ol 51 Dg Ol 5e
S s L (Tedal) g dls gl & a5 b oo
sl 5 S T e s 60 PaL Ll k=02

Ao-g,s = kg,s/w/Dg,s (7)

23 e S S A o)Ll (e 555 poler pilSe
Sead 550 goole 4 ol 0 S 585 el | (g5l s pulS
el 1AL [B8] il Sl 3 s 4 a8 el SVL
oSl Sl e il Sl & e FSP Jlesl sla iy
ol 0S5 (B)atayly 305 o udslS 55 i

(52 Jse G 5 b K) el bLs |

3 8)

— 2b\2
4o, = KGg, (2) &1/2
Sl 5,8 Olyee (Al Bl L g G 51 s by slias 2ol 53
jﬁ\ 03 el s o8 L (gl UJASLJK_:; S 3l s

il ol wey o Wl susme isn 5 Jlesl 5 A5


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

127 113-135425-4 c1404 QM} K] kiti ‘20)\».-'.5 crAA}\g ‘JL—: cb‘ﬁ‘ ‘5)&.:3‘,:.- ‘5)3\;5 K] c‘,l.ﬁ 4?.1':'5 X 4.”.\1.9 Baagit] &)&g}s BV )

Ll bS5 Lo SO 3laSUT sl s g8

[[68] ol ot sty (10) bl 03 525 so3 0l w35
S, =H/3 (1.29 — 1.13 COV ) (10)
Jols) Lty s 3 el 5le COVin 0T 3 S
L alols ke bl 3550 53 (5She s Geilisls aeds
53 e gl 3l Dbl wlawa 5 o
S IS 4 g2 4 Lalyy 0155 e slse Sl anus 05,5
sla el 25,5 L1y ciillas pde ez 51558 sdalla |
el s S Ol 5 5 S Candly 4 5,3 Ol
Ll odos ol 55 CojspelS 5 3 a5 by el e
Cosf Sl s @ Cand e Sl (gabal Gl ge 4 ax s
s 5 20 e e il s, B s Gl eeS
s b i o ol Uil 35 FSP ul Jlasl 5 o
DS 8 033l s e il Pl 5 eole ol 5SS
alamde 16 s gasge 53 53 FSP gla el 5l530 5

NG

Ce S clm—

loe T (5l T palS oS ala e (16) S s
CeS O gasl pll 5 FSP ol i Jlesl 3l s 00 50
5 () 45 05 S 53 s pslas ol s 63
S o glse iz 53 D3 3y Ll 4 (&) 2355
S5 e slad 5s 5 S S lae i 5 Sl 3 ggdne DS
Slap 5l ol o sin M s ST s 55 4 b e
3 0 i (s Kl ) oS 5 il e 1 ey 5
534S Al wa) b S8y we JeSTs S e
S glap e 5 ol Ol il b
ASledd a1 S (gl (b ey slgu s selS
S i Jead Sailir (yjselS ool s [2,36 58-59]
s CSa U (gl 3l DS ST 5 o i
5 0SSy 05 AABOB3 S mlas (17) | s
fom 3 S Ll 0 03,51 (b Ll 1) FSP 050

el gl oo Al ades Sl o3 (538 sl ge s oS LSTs

(T (5T

Soslos ol e 4 e Lot 5alS Sy F el
AS ol pase e Sl o 03,51 (15) s s St e
e el il sl esle e 53l sl FSP
e FSP ol 53 5l dw 45 cl 73+ 2 HV il gosle
Lhst) d e 79 £ 2 HV w o355 = oa sab S0
33 3l dm 35 5elS sosle (Sile e (Llone Sl
sl 0o, 123HV 5117 92 4 FSP L 2d 5 e

Microhardness (HV)

<15 ) -1.: -I9 6 1 (l] z 6 I9 12 115
Distance from center (mm)
<l 53 (AAB083) b (gosle oo (@A:;) by ,-15 s
B LJ\LH 93 J\‘ J,.p\;- 5&%;}:}:\5} FSP L)"’li 93 J\‘ da g “;Jij’;’

FSP ol it

IS s s, SO Olge 4 FSP i oLl oS 458 Olas
Ly ddame s5hs 5 4ls OBl (e )5 Lol iyl Saudly
oles 35 n osle plSoutal 115l ol Sn oS 353 0
il IS ol 35 53 S Sl (il lap IS
Vool sjls 50 eds GOl 3 sew sde Jlude 5 ledites A2
o b s Galaly Vgane sl gn 5o e 5 LIS el
) oo sl pe (gl dasly cpl 45 a3 gl BN 5 Al
2l o5 o sin I a) Sy gelS 3550 3 Dhe 3 g
Lol A5 3l o b Seel i oo ils 03 L

167) sl st sty (9) e S (533
S,=H/3 9)


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWST1.2026.09 ]

113'1354?55'.0 c1404 bb.nﬂjj ) Li cZAJL«\:‘ crb.\}l.l JL.U gb‘ﬁ‘ 6)&.:1"’: 6)}‘}3} r".\.ﬁ 4'.1}":". c)"g 4.“.\.:.9 Crm’j &}\f; daes 128

.

S sl D3OS So ad st 5 mend Joes 5l G fos
g R L R [T I POWI L T PN T

b e 4l gl Lgl_as&i:_ux.;l.} o=l F sl s s
[L.58]

SEM HV: 15.0 kV WD: 14.90 mm MIRA3 TESCAN|

SEM MAG: 1.00 kx Det: SE
View field: 208 ym Date(m/dly): 02/06/19

oo i b o Sl 3 AAS083 nSTh whais e - 17 IS

L8 e ol Sy Koo gladl Tl bes 48 Sty 508 i

S8 51 QLS o8 L0 o 0> whalls el 3 0S5 el SS
el e3le LS

RMRC FESEM

SEM HV: 15.0 kV WD: 16.20 mm
SEM MAG: 1.00 kx Det: SE
View field: 207 pm Date(m/dly): 02/06/19

FSP ,38 55 51wy AASOB3/AILMO =y 5 5alS oS ebans -18 <

RMRC FESEM

gl Sl S el o e 52 0SS Ly 5B D3 gy sadi

sl 0303 J:g‘::: b osle Cl:‘..ALr S

s 3 L LadlsT Has 5 Ll &8 il i il e
9 Y WA ‘_;_:.Q.c Mo lLS c[69] J”j—*-:'v—‘ a.la_.is 9 S WA bl;g‘

s o OLES [ esle (YL (g s IS
.v" ] V\ \(:,, 1 ]

% 4 . J s > W en "y
EUL R EX Y WD: 12.99 mm MIRA3 TESCAN|
SEM MAG: 3.00 kx Det: SE 20 pm

View field: 69.2 ym Date(m/dly): 02/06/19 RMRC FESEM

SEM HV: 15.0 kV WD: 13.00 mm | MIRA3 TESCAN
SEM MAG: 3.00 kx Det: BSE 20 pm
View field: 69.2 ym Date(m/dly): 02/06/19 RMRC FESEM

L UG e JT (s 5l AABOBB (sl § yools oonSis o =16 IS5

ciS Ugasl 3 A FSP Wl s

Shden 5 alS gosle o228 nSCE e (18) JCs s
Shlw 4 a5 b ocend ol esls 0L FSP LIS 5 Jlasl
5 (=9 1Ss) wns s sblan T 3 s (S 8
e mlan (13 JS8) sl SGLSG ol 03 ol
sdalie .ol o3la sl 53 ol st Sl W e 5 S
Ol Gr S 3 5 ol e S o oS 555 e


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWST1.2026.09 ]

129 113'1354"5&9 c1404 :)b—mﬂj 3 J.ﬁté: cZBJLQ—:l crb)}‘.l dLﬂ c:)‘ﬁ‘ 6)&-:"’: 6)3\}3 3 c".\.ﬁ 4..1.}'.:.1. c)".dg 4.“.\.:.9 Cf“’ 3 &}\f; Hoes

=t (Beor 5 leorr s 5 a) (S35 Sl 5 0L
S loor) Sl Std 5150 (85503 3 SVL (23 50lS (50
3215 pAlem?® 1Sl 5 e 5l — 5 20 PAJCM? I 5 5lS
3,03 S gl )l 1 (=750 mV 4-720 «5 5 « Econ
ol ;a8 (S5 il 00 iselS el Caslis &S
aS Gl slao S an b powie Ly oy o Sl 4 (pioman
St od Jidd IS L S Od Jls o i el
Goals S| 5 (e a3 aelS 53 8 e 0l aidd il

(5 Jes alie) a5l Sad 5 5o

-0.5

-0.55 As-recieved
AASD83

-0.6
-0.65

FSPed-6pass

-0.7
-0.75
-0.8

Potential [ V]

-0.85
-0.9
-0.95

‘7 65 6 -55 -5 45 -4 35 -3 25 -2 -15
log A/cm?

o3la (535 p Sealiyd gl 0ol 322 05051 s =20 JSCs
AABO083/AlLMOBFSP o pualS 5 L s Il 3 Sl 5 50

Pl = eSSl sl B gaiate Dliis
13 Caglie b S 3 ek 4 (25 selS sesle ([So,
S @l 508 s psiensll Jie (Saus Rl 0
56 sl 035520 ¥ gams [70-72] ol el s 4y y28lie
e A1 e 58 Sl (4153 sads) s 5
A S a1, O (Ss,55 ol Ll e oS 35 00 plonl
A S g5 ol 5 gadate Sl bl (S 5k e S
Ol oo o 3l a8 dzen So) 5 4 Cuglis Ol o IS
sl an3) o5l sl ey Sl Glacslss o
bl sl 5 a b S ke Lab (gosle (e 5 (oS
Cand s Sl Sldas 5 Jltle ) Cand s (S
A3 Jsle 5ok L oS Sy 5 o3l 5 5
S e 4S o eals oLis [74] andlas 5 [73] 5 5 oLl

e JT L o oy 55 AAB0B3 5 5palS St il
odd 03,5119 I3 5 5 S FSP LS Jlexr Sl de e
o Ol 5 O Ol bl Sl e S gl ol sl
S S I3 5 e s> DS e (SLaS 3 s s e
o O L (3 S ol S slap 1S
) 03 e g S8 e 5 03 ] ae S ke
0l FSP 55008 b 4l 3l (6,85, LB 5l
Omr S pelS ol e o (16 JSC5) Wl (25 55
JS Sl OLEs S s e Jold 1 ey gl Jrmes 51 VL

2l T VL 6y

N -\

; MRS s a4t
;- 2 4 s R — -
SEM HV: 15.0 kV WD: 17.81 mm
SEM MAG: 1.00 kx Det: SE 50 pm
View field: 208 ym Date(m/dly): 02/06/19

Sl 31 ey D g ibie T (651 2 5alS S aba =19 IS
e man (16 JS05) anly (2 2y 5alS L aslie s FSP LIS
EERNE. 6\-%):3&‘ Syl age iy Sy cl Sl olal e S

RMRC FESEM

wjﬁg&iw,ubbg&,wsjled}mp
s Lg\.ap-:.}\.{,a oys Gl bl s

sl b B s el Says ol -4 3

S 5 g8
Smd) slS sesle 5 Sl gise sosle sladisal 555
O3l b s Sl ity O gomsl 25 (S5 05031 (4
ol ol 03,5120 IS 3 aslis ol s A plil 3G
s S Jshome 5320 ke L sas O g3l g5 5 31 LS
S 4 S Cal iy g S ds S 13 (3/5% NaCl)


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

113-13542“ c1404 Q\:—V-‘} K] kiti ‘20)\».-5 crAA}\g JL» c;}‘ﬁ‘ 6)&.5‘,:.- ‘5)3\;5 K] c‘,l.ﬁ Aij.:a' X A.H.\-..ﬁ Raagit] &)&g}s daes 130

ol s e b T U 5 D3 ey ST
)5 s (] Sladloe T Ol 513K 36 Ss, 0
o3 Ly 85 e T (gosle LS 48 A oy canlllan
25ls (St Sl p e 36 S5 e

ol Al-CU wa Sy palS G, [80] OLISCen 5 53 5
45 3ls OLES DLty el gl 1 dis S s |, SIC 23
35 Sl b s s o i g Slalse opl 0o (S
35 s i e bl sl 53 &lAs Sl s
S g iy e S e b (G5 Wl ble) Al
S 5 aS Wiles S ojlal aG pl 4 Ll ol s 51
Lol SIS S (Sope p e (a0e3) SUT ol
NSO O e

s oldes sl 5 DS il S G o
e (FSP 1 Jool s Sadly IS i) Sy pelS
a5 Ll sdd el (S50 4 aglie 2
sl e Vs Ol e (B8 Shasn anle
S A 5l

gl ol o s s e oS Co il DS S
5035 e A1 I3 oS (G s42Y) ale T (s O3
S ipren 53 3 pd o o 15 0T Jlo S35 ol
L 0T s osle ol iy ol (215 31 s Y
53 01 (S 5l Sle O3 a5 a5 3l e
L Ll e ek L L jhenal] 5 0l S e gole
AL Al s A Ok

S5l Sl S oS o o 5 e (g S da fuade
el sl el bl s s sl 5 VL
Oy el o Lol 58 (550 aiey sl plS
o andlas 3) e Lo palS 5o 05 e ey (S e Juad
a5 Ly 0ad e ol T L st oy 535 AAB083
S AlMO 5 foet Fm3m le e ) (sobtle oslis
753 Alaln ) 54.04 ACAl e s L dm3
e Joe s eap 2L (5 sl S i s ([81-82]

Sy el S gla STy gl

e (Sl D3 L el o 5 (g5l aiey slay 58
wge) S 2ta Jad e 53 5 (pitting) Os s 6 i g 5
S SUsi 5 ede 5 S0 Sam Of s aS il )3
) i JeSS pte L (3 )5 sla i 3)
e 03 G S8 35 (el S sla s
395 5 3em e S S ;)J.\i)\:ajbjf_l: elice Ol
clanls sdiS o 5 Ol 3

i PSSl L e pe JT[T0] s i 3
ool 1 O e Sl 503, S 5B 055 2ST s,
Oldizes ;05 5 0Lyl ds S 515 1y e T S35
sl Ll 5 g oS o5 sl 355 45 Liles S oLl [76]
ey CojemlS s cﬁw Ll S| sV s Koo sl
u}ﬁ))ﬁ&;&da:u e S W‘MJ:}_‘; gf}?"&"}ﬁ
Sy o JoSiS Lol 5 SIS Ly SO s S
[77]

O A5 5 05S] sl GBS ST p e T 3
Jeily Q:J)LIM\:\):):JS&JKJ\.&_\): JaeS 55 den
o gl STy s 0L s alpdl (ke g o
Aas e 55 p e Il SLa0 LS W5 5 e 1INl
oY sl | b O sl g &3 Sabocaalsl js el (S
IS e S 20w e g5 2 (S sl il
;’J}’; OV pame 3 slaY L ST gaY slml I 3L
SheST gy S gab Gy Al L oaalsl sl
L;l_ﬁ.la.zm f"f' BE cﬁw a)l_.'j: "y Aoy qu\ij (BreakdO\Nn)
J_J:J_a\yﬁ.kﬁ WTQM}\: a/.é:— ;:)}5-\_13.&3)}5-
78]

))Mjcﬁuﬁ: J_::J)\s Cf)\ oS C,q"}.sj C)béj.ﬂ
Llosls OLas Oliiss ol ol 0l 05,51 [79] (6 s Gudows
S0 3 Al sl 5selS gesle Sa, 5 s, oS
il 3 b s gy bl o s T (e glails)
s g 34 s aS s S i8S (du'\:)'/a 33 u:ﬂ_'\.b-)

Al (M,ﬂ Slails 30 (Sa, 3 Blg e stla sy s


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

131 113-13542“ c1404 Q\:—V-‘} K] kiti ‘20)\».-5 c".h:}\g JL-: c;}‘ﬁ‘ 6)&..‘2}9'- ‘5)3\;5 K] c_,l.ﬁ Aij.:a' X A.H.\-..ﬁ Baagit] &)&g}s BV )

I i 5l B0 e sl 5 ST Y O a5 U
Sl plis Saadly s

d‘.}).\s} )S,:J
)C}‘ﬁ\r.l&:l.s;_j CAJ“LQ.?' )\ \) 54 s \-*'J‘f QK.L...J”}_,
U'«" CL"”‘ Ldf (97010732 Sj:"“:“ °5JJ—;) Ol NEEHE

@\;.a
1-N. Chawla and K. K. Chawla, Meta Matrix
Composites. Springer New York, 2013. [Onlin€].
Available: https.//books.google.com/books?Ad=h-
23BAAAQBAJ
2-K. U. Kainer, Metal Matrix Composites: Custom-made
Materials for Automotive and Aerospace Engineering.
Wiley, 2006. [Onling]. Available:
https.//books.google.com/booksAd=ILmG9jtrzTQC
3-B07 Committee, Specification for Aluminum and
Aluminum-Alloy Sheet and Plate. doi:

10.1520/B0209_B0209M-21A.

4-ASM Handbook Committee, Ed., Properties and
Selection: Nonferrous Alloys and Specia-Purpose
Materias. ASM International, 1990. doi:

10.31399/asm.hb.v02.9781627081627.

5- S Qian et d., “Microstructure and properties of
FeCoCrNiMo high-entropy alloy particles reinforced
5083 Al composite fabricated by multi-channel equal-
diameter angular hot extrusion,” J. Alloys Compd., val.
1022, p. 179767, Apr. 2025, doi:

10.1016/j.jallcom.2025.179767.

6-G. Liang, F. Lu, and B. Zhang, “Robust
superhydrophobic composite coating with dual-sized
particles for self-cleaning and anti-corrosion of 5083
aluminum aloy,” Colloids Surf. Physicochem. Eng.
Asp., vol. 708, p. 136020, Mar. 2025, doi:

10.1016/j.col surfa.2024.136020.

7-N. Santhosh et al., “Analysis of friction and wear of
aluminium AA 5083/ WC composites for building
applications using advanced machine learning models,”
Ain Shams Eng. J., val. 14, no. 9, p. 102090, Sept. 2023,

doi: 10.1016/j.as.2022.102090.

8-A. Alizadeh, A. Abdollahi, and H. Biukani, “Creep
behavior and wear resistance of Al 5083 based hybrid
composites reinforced with carbon nanotubes (CNTs)
and boron carbide (B4C),” J. Alloys Compd., vol. 650,
pp. 783-793, Nov. 2015, doi:

10.1016/j.jallcom.2015.07.214.

Ll sl 5l ab oS s s Kol 5 S5 s s
St o Ul e 5 el s Sy S8 ks
el (S35

Ll oo b Ldd Saudly IS is sladyl b -
[83] S i 1y S5

(bl dhor Sl bl Cse W5 4 e eyl 3l -
Sl e Ghle a8 b0 5wy e J sl
AT ol 25 oo a5 03 (S35 £
S

B ST Y o 5 Esl &S Wl gl i sl

25 e b

& S 4onsi -4

S 9> LAA5083/A|12M0 hf’hﬁw C,d")}:ﬁls u:*-“)}:' U’~" BE
S whs o O ge loa T oSy ez A3 10
5 Ad IS FSP 5 (oS oyl I3 ) o 65 Al
=i S sSG s w5 FSP sla b slass 2ol
A5 LT s> 4 20 s s Sl Lol o3l 2alS 5 ol 3
A Co w3 16% s> WL 6w AES cMﬂ\_
ol et ol 5w i 20% 5 s FSP sal
Sl 60 550 s 5w ol (g Sllanl S J= s (il
LW

Q‘)))}—&j))\)(&_w‘ U:"'L‘JJ\): ‘J;"G—"’Jlf—‘:'f
e (Lsy #2555 ) Sledy OOw ST s Ll L e
o= 2B sk @ ol sl LB L sl an
o e B 54 Glaaise e &S osba (3L Sl
2l Sl 2l 63% 5 50% 55 S

bl cKd p 585 sl L S mha (ganlllaes
) Sl 5 aie 5l Ol Sailie oy cnss Jols
.:}..'

s an by Sy coaglio ol Sy 05051 b


https://books.google.com/books?id=h
https://books.google.com/books?id=ILmG9jtrzTQC
http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

113-13542“ c1404 Qu—w‘} K] kiti ‘20)\».-5 c".h:}\g JL-: c;}‘ﬁ‘ 6)&..‘2}9'- ‘5)3\;5 K] c_,l.ﬁ Aij.:a' X A.H.\-..ﬁ Raagit] &)&g}s daes 132

19-J. L. Dosstt and H. E. Boyer, Practica Heat
Treating: Second Edition. ASM International, 2006.
[Onling]. Available:
https.//books.google.com/books? d=KxX SxtY dSKEC

20-R. Sathiskumar, N. Murugan, I. Dinaharan, and S. J.
Vijay, “Characterization of boron carbide particulate
reinforced in situ copper surface composites synthesized
using friction stir processing,” Mater. Charact., vol. 84,

pp. 16-27, 2013, doi: 10.1016/j.matchar.2013.07.001.

21-ASTM  Standard E3-11, “Standard Guide for
Preparation of Metallographic Specimens,” ASTM Int.
West Conshohocken PA 2011 DOI 101520E0003

Wwwastmorg.

22-ASTM E8/ E8M-16ael, “Standard Test Methods for
Tension Testing of Metallic Materials,” ASTM Int. West
Conshohocken PA 2016 Wwwastmorg DOI

101520E0008EOC008M-16AEQL

23-ASTM Standard E384-11, “Standard Test Method for
Knoop and Vickers Hardness of Materials,” ASTM Int.
West Conshohocken PA 2011 DOI 101520E0384-11E01

Wwwastmorg.

24-G01 Committee, Test Method for Conducting Cyclic
Potentiodynamic  Polarization = Measurements  for
Localized Corrosion Susceptibility of Iron-, Nickd-, or

Cobalt-Based Alloys. doi: 10.1520/G0061-86R18.

25-C. Suryanarayana, Mechanica Alloying And Milling.
CRC Press, 2004. [Onling]. Available:
https.//books.google.com/books?d=HBY gEgsordMC
26-M. S. El-Eskandarany, Mechanica Alloying: For
Fabrication of Advanced Engineering Materials. William
Andrew, 2001. [Onling]. Available:
https:.//books.googl e.co.uk/booksAd=QyNzxAEACAAJ
27-C. Suryanarayana, “Nanostructured Intermetallics,”
in Intermetalic Compounds - Principles and Practice,
Wiley, 2002, pp. 749-764. doi:

10.1002/0470845856.ch35.

28--L. Luand M. O. Lai, Mechanical Alloying. Springer

us, 1997. [Onling]. Available;
https://books.googl e.co.uk/books? d=106NG2ikdOsC

29-1. Dinaharan, G. Ashok Kumar, S. J. Vijay, and N.
Murugan, “Development of AI3Ti and AI3Zr
intermetallic particulate reinforced aluminum alloy
AAGB061 in ditu composites using friction  dtir
processing,” Mater. Des,, 2014, doi:

10.1016/j.matdes.2014.06.008.

30-C. A. Schneider, W. S. Rasband, and K. W. Eliceiri,
“NIH Image to ImagelJ: 25 years of image analysis,” Nat.

Methods, val. 9, no. 7, pp. 671-675, 2012.

31-R. S. Mishra and M. W. Mahoney, Friction Stir
Welding and Processing. ASM International, 2007.
[Onling]. Available:
https://books.google.co.uk/booksAd=IW2I2L-UY SAC

9-H. 1. Kurt, “Influence of hybrid ratio and friction stir
processing parameters on ultimate tensile strength of
5083 aluminum matrix hybrid composites,” Compos.
Part B Eng., vol. 93, pp. 26-34, May 2016, doi:

10.1016/j.compositesh.2016.02.056.

10-M. Hosseini, A. Yazdani, and H. Danesh Manesh,
“Al 5083/SICp composites produced by continual
annealing and roll-bonding,” Mater. Sci. Eng. A, val.
585, pp. 415-421, Nov. 2013, doi:

10.1016/j.msea.2013.07.077.

11-R. S. Mighra, Z. Y. Ma, and I. Charit, “Friction stir
processing: a novel technique for fabrication of surface
composite,” Mater. Sci. Eng. A, vol. 341, no. 1-2, pp.
307-310, Jan. 2003, doi: 10.1016/S0921-

5093(02)00199-5,

12-C. N. Shyam Kumar, R. Bauri, and D. Yadav, “Wear
properties of 5083 Al-W surface composite fabricated
by friction stir processing,” Tribol. Int., vol. 101, pp.
284-290, Sept. 2016, doi:

10.1016/j.triboint.2016.04.033.

13-C. N. Shyam Kumar, D. Yadav, R. Bauri, and G. D.
Janaki Ram, “Effects of ball milling and particle size on
microstructure and properties 5083 Al-Ni composites
fabricated by friction stir processing,” Mater. Sci. Eng.
A, vol. 645 pp. 205-212, Oct. 2015, doi:
10.1016/j.msea.2015.08.026.

14-M. Khan, A. Rehman, T. Aziz, M. Shahzad, K.
Naveed, and T. Subhani, “Effect of inter-cavity spacing
in friction stir processed Al 5083 composites containing
carbon nanotubes and boron carbide particles,” J. Mater.
Process. Technal., vol. 253, pp. 72-85, Mar. 2018, doi:

10.1016/j.jmatprotec.2017.11.002.
15-R. Maiti and M. Chakraborty, “Synthesis and
characterization of molybdenum aluminide nanoparticles

reinforced auminium matrix composites,” J. Alloys
Compd., vol. 458, pp. 450-456, 2008, doi:

10.1016/j.jallcom.2007.04.001.

16-S. L. Kuo and P. W. Kao, “Thermal cycling induced
deformation and damage in Mo-fiber reinforced

aluminum composites,” vol. 58, pp. 1-4, 1999.

17-L. Blaz, G. Wiloch, P. Lobry, J Sobota, and S.
Dymek, “Structural aspect of chemical reaction between
components of mechanically alloyed Al-MoO 2 and Al-
MoO 3 composites,” J. Alloys Compd., vol. 695, pp.

1096-1103, 2017, doi: 10.1016/j.jallcom.2016.10.235.

18-R. A. Williams, M. Schoenitz, A. Ermoline, and E. L.
Dreizin, “Low-temperature exothermic reactions in
fully-dense  Al/M0oO3  nanocomposite  powders,”
Thermochim. Acta, vol. 594, pp. 1-10, Oct. 2014, doi:

10.1016/j.tca 2014.08.026.


https://books.google.com/books?id=KxXSxtYdSkEC
https://books.google.com/books?id=HBYqEgsordMC
https://books.google.co.uk/books?id=QyNzxAEACAAJ
https://books.google.co.uk/books?id=1O6NG2ikdOsC
https://books.google.co.uk/books?id=JW2l2L-UYS4C
http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

133 113-13542“ c1404 Qu—w‘} K] kiti ‘20)\».-5 c".h:}\g JL-: c;}‘ﬁ‘ 6)&..‘2}9'- ‘5)3\;5 K] c_,l.ﬁ Aij.:a' X A.H.\-..ﬁ Baagit] &)&g}s BV )

46-A. Van Den Beukel, “On the mechanism of serrated
yielding and dynamic strain ageing,” Acta Metal., vol.
28, no. 7, pp. 965-969, 1980, doi: 10.1016/0001-

6160(80)90114-5.

47-E. Pink and A. Grinberg, “Serrated flow in a ferritic
stainless stedl,” Mater. Sci. Eng., val. 51, no. 1, pp. 1-8,

1981, doi: 10.1016/0025-5416(81)90099-9.

48-K. Chihab, Y. Edgtrin, L. P. Kubin, and J. Vergnol,
“The kinetics of the Portevin-Le Chatelier bands in an
Al-5a%Mg alloy,” Scr. Metall., val. 21, no. 2, pp. 203-
208, 1987, doi: https.//doi.org/10.1016/0036-

9748(87)90435-2.

49-D. M. Riley and P. G. McCormick, “The effect of
precipitation hardening on the portevin-le chatelier effect
inan Al Mg Si dloy,” ActaMetall., val. 25, no. 2, pp.
181-185, Feb. 1977, doi: 10.1016/0001-6160(77)90121-

3.

50-K. Chihab, Y. Edtrin, L. P. Kubin, and J. Vergnal,
“The kinetics of the Portevin-Le Chatelier bands in an
Al-5a%Mg alloy,” Scr. Metall., val. 21, no. 2, pp. 203-

208, Feb. 1987, doi: 10.1016/0036-9748(87)90435-2.

51-P. G. McCormick, “The Portevin-Le Chatelier effect
in an Al-Mg-S dloy,” Acta Metall., val. 19, no. 5, pp.
463-471, May 1971, doi: 10.1016/0001-6160(71)90170-

2

52-P. G. McCormick, S. Venkadesan, and C. P. Ling,
“Propagative instabilities: An experimenta view,” Scr.
Metall. Mater., vol. 29, no. 9, pp. 1159-1164, Nov.

1993, doi: 10.1016/0956-716X(93)90102-X.

53-D. M. Riley and P. G. McCormick, “The effect of
precipitation hardening on the portevin-le chatelier effect
inan Al Mg S dloy,” ActaMetall., val. 25, no. 2, pp.

181-185, Feb. 1977, doi: 10.1016/0001-6160(77)90121-3,

54-D. Thevenet, M. Mliha-Touati, and A. Zeghloul,
“The effect of precipitation on the Portevin-Le Chatelier
effect in an Al-Zn—-Mg-Cu dloy,” Mater. Sci. Eng. A,
vol. 266, no. 1, pp. 175-182, June 1999, doi:

10.1016/S0921-5093(99)00029-5.

55-R. Bauri and M. K. Surappa, “Investigations on
serrated flow in 8090 Al aloy and 8090 Al-SiCp
composites occurring during dynamic ultra low load
micro hardness (DUH) indentation,” Mater. Sci. Eng. A,
vol. 393, no. 1, pp. 22-26, Feb. 2005, doi:

10.1016/j.msea.2004.09.060.

56-K. B. Lee, H. S. Sim, S. W. Heo, H. R. Yoo, S. Y.
Cho, and H. Kwon, “Tensile properties and
microstructures of Al composite reinforced with BN
particles,” Compos. Part Appl. Sci. Manuf., val. 33, no.
5, pp. 709-715, May 2002, doi: 10.1016/S1359-

835X (02)00011-8,

32-A. Rosochowski, Severe Plastic Deformation
Technology. Whittles Publishing, 2017. [Onling].
Available:

https://books.goodl e.co.uk/booksAd=TFyfmwEACAAJ
33-G. Fargji, H. S. Kim, and H. T. Kashi, Severe Plastic
Deformation: Methods, Processing and Properties.
Elsevier, 2018. [Onling]. Available:
https://books.goodl e.co.uk/books?Ad=yQpkDWAAQBAJ
34-M. J. Zehetbauer and R. Z. Valiev, Nanomaterials by
Severe Plagtic Deformation. Wiley, 2006. [Onlin€].
Available:

https://books.goodl e.co.uk/books?Ad=Q7HwyIw16ESC
35-G. E. Dieter, D. Bacon, and D. J. Bacon, Mechanica
Metallurgy. McGraw-Hill, 1988. [Onling]. Available:
https://books.googl e.com/books? d=hlabmB3e8XwC
36-1. A. Ibrahim, F. A. Mohamed, and E. J. Lavernia,
“Particulate reinforced metal matrix composites — a
review,” J. Mater. Sci., vol. 26, no. 5, pp. 1137-1156,

1991, doi: 10.1007/BF00544448.
37-B. Abnar, M. Kazeminezhad, and A. H. Kokahi,
“Effects of heat input in friction stir welding on

microstructure and mechanical properties of AA3003-
H18 plates,” Trans. Nonferrous Met. Soc. China, vol. 25,

no. 7, pp. 2147-2155, 2015.

38- https://computherm.com.

39-https.//www.metal lab.net/chemsoc/alloys.php?d=13.

40-E. O. Hall, “The deformation and ageing of mild
sted: 111 discussion of results,” Proc Phys Soc B, vol. 64,

pp. 747-753, 1951,

41-N. J. Petch, “The cleavage strength of polycrystals,”
J. Iron Sted Inst., val. 174, no. 1, pp. 25-28, 1953.

42-N.  Tsuji, “Accumulative Roall-Bonding,” in
Encyclopedia of Materials; Science and Technology,
Elsevier, 2011, pp. 1-8 doi: 10.1016/B978-0-08-

043152-9.02269-7.

43-E. M. Zayed, M. Shazly, A. El-Sabbagh, and N. A.
El-Mahallawy, “Deformation behavior and properties of
severe plastic deformation techniques for bulk materials:
A review,” Heliyon, vol. 9, no. 6, pp. €16700-e16700,

June 2023, doi: 10.1016/j.heliyon.2023.16700.

44-J. A. Wert and P. A. Wycliffe, “Correlation between
S precipitation and the Portevin-le Chatelier effect in an
Al Li Cu Mg Zradloy,” Scr. Metdl., val. 19, no. 4,
pp. 463-466, Apr. 1985, doi: 10.1016/0036-

9748(85)90114-0,

45-S. H. Van Den Brink, A. Van Den Beukd, and P. G.
McCormick, “The influence of specimen dimensions and
machine gtiffness on the portevin-Le chatelier effect in
an Al-Cu alloy,” Phys. Status Solidi A, val. 41, no. 2,

pp. 513-521, June 1977, doi: 10.1002/pssa. 2210410222,



https://books.google.co.uk/books?id=TFyfmwEACAAJ
https://books.google.co.uk/books?id=yQpkDwAAQBAJ
https://books.google.co.uk/books?id=Q7Hwy1w16EsC
https://books.google.com/books?id=hlabmB3e8XwC
https://computherm.com
https://www.metallab.net/chemsoc/alloys.php?id=13
https://doi.org/10.1016/0036
http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

113-13542“ c1404 Qu—w‘} K] kiti ‘20)\».-5 c".h:}\g JL-: c;}‘ﬁ‘ 6)&..‘2}9'- ‘5)3\;5 K] c_,l.ﬁ Aij.:a' X A.H.\-..ﬁ Raagit] &)&g}s daes 134

[Online]. Available: https://books.google.co.uk/booksAd=A-
XxSAAAAMAAJ

70-S. Varma and G. Vasquez, “Corrosive wear behavior
of 7075 aluminum alloy and its composite containing Al
2 O 3 particles,” J. Mater. Eng. Perform., vol. 12, pp.

99-105, 2003.

71-J. Liang, W. Yue, Y. Gu, J. Liu, C. Wang, and H.
Ma, “Improving Corrosion Resistance and Corrosive
Wear Resistance of Aluminum Alloy Drill Pipe by
Surface Nanocrystallization and Micro-arc Oxidation,” J.
Mater. Eng. Perform., vol. 27, no. 9, pp. 4462-4472,

Sept. 2018, doi: 10.1007/s11665-018-3529-x.

72-Y. Shimizu, T. Nishimura, and |. Matsushima,
“Corrosion resistance of Al-based meta matrix
composites,” Mater. Sci. Eng. A, vol. 198, no. 1, pp.

113-118, July 1995, doi: 10.1016/0921-5093(95)80065-3.

73-R. W. Revie and H. H. Uhlig, Uhlig’s Corrosion
Handbook. Wiley, 2011.

74-A. J. Trowsdale, B. Noble, S. J Harris, I. S. R.
Gibbins, G. E. Thompson, and G. C. Wood, “The
influence of silicon carbide reinforcement on the pitting
behaviour of aluminium,” Corros. Sci., vol. 38, no. 2, pp.

177-191, Feb. 1996, doi: 10.1016/0010-938X (96)00098-4.

75-M. Rashad, F. Pan, Z. Yu, M. Asif, H. Lin, and R.
Pan, “Investigation on microstructural, mechanica and
electrochemical properties of auminum composites
reinforced with graphene nanoplatelets,” Prog. Nat. Sci.
Mater. Int., vol. 25, no. 5, pp. 460470, Oct. 2015, doi:

10.1016/j.pnsc.2015.09.005.

76-M. Saxena, O. P. Modi, A. H. Yegneswaran, and P.
K. Rohatgi, “Corrosion characteristics of cast aluminum
alloy—3 wt% graphite particulate composites in
different environments,” Corros. Sci., vol. 27, no. 3, pp.
249-256, Jan. 1987, doi: 10.1016/0010-938X(87)90021-7.

77-T.-C. Yeh et al., “Electrochemical investigations on
anticorrosive and  eectrochromic  properties  of
electroactive polyurea,” Polym. Chem., vol. 3, no. 8, pp.

2209-2216, July 2012, doi: 10.1039/C2PY 20061A.

78-E. M. Sherif and S-M. Pak, “Effects of 1,5
Naphthalenediol on Aluminum Corraosion as a Corrosion
Inhibitor in 0.50 M NaCl,” J. Electrochem. Soc., vol.

152, no. 6, p. B205, May 2005, doi: 10.1149/1.1914752.

79-A. Lekatou et al., “Aluminium reinforced by WC and
TiC nanoparticles (ex-situ) and aluminide particles (in-
Situ): Microstructure, wear and corrosion behaviour,”
Mater. Des. 1980-2015, vol. 65, pp. 1121-1135, Jan.

2015, doi: 10.1016/j.matdes.2014.08.040.

80-A. Pardo, M. C. Merino, S. Merino, F. Vigo, M.
Carboneras, and R. Arrabal, “Influence of reinforcement
proportion and matrix composition on pitting corrosion
behaviour of cast aluminium matrix composites

57-Y. Estrin and M. A. Lebyodkin, “The influence of
dispersion particles on the Portevin-Le Chatelier effect:
from average particle characteristics to particle
arrangement,” 13th Int. Conf. Strength Mater., vol. 387—
389, pp. 195-198, Dec. 2004, doi:

10.1016/j.msea.2004.01.079.

58-R. B. CALHOUN and D. C. DUNAND, “3.02 -
Didocations in Metal Matrix Composites,” in
Comprehensive Composite Materials, A. Kelly and C.
Zweben, Eds., Oxford: Pergamon, 2000, pp. 27-59. doi:

10.1016/B0-08-042993-9/00002-4.

59-H. Abdollah-Pour, Metal Matrix Composites, 1st
edition. Semnan: Semnan University, 2015.

60-M. K. Gupta, “Friction stir process. a green
fabrication technique for surface composites—a review
paper,” SN Appl. Sci., val. 2, no. 4, p. 532, Mar. 2020,

doi: 10.1007/s42452-020-2330-2.

61-M. E. Kassner, “Taylor hardening in five-power-law
creep of metals and Class M dloys,” Acta Mater., val.
52, no. 1, pp. 19 Jan. 2004, doi:

10.1016/j.actamat.2003.08.019.

62-B. D. S. Cullity S. R., Elements of X-Ray
Diffraction. Pearson Education, 2013. [Onling].
Available: https//books google.com/books?id=hkWpBWAAQBAJ

63-Recrystallization and Related Annealing Phenomena.
2004. Accessed: Jan. 15, 2025. [Onling]. Available:
https://shop.el sevier.com/books/recrystallization-and-

rel ated-annealing-phenomenalroll ett/978-0-08-044164-1
64-M. Akbari, P. Asadi, and T. Sadowski, “A Review on
Friction Stir Welding/Processing: Numerical Modeling,”
Materials, vol. 16, no. 17, p. 5890, Aug. 2023, doi:
10.3390/mal6175890.

65-M. H. Shojaeefard, A. Khalkhai, M. Akbari, and P.
Asadi, “Invedtigation of friction ir welding tool
parameters using FEM and neural network,” Proc. Ingt.
Mech. Eng. Part J. Mater. Des. Appl., val. 229, no. 3, pp.

209-217, June 2015, doi: 10.1177/1464420713509075.

66-P. Asadi, M. Akbari, and H. Karimi-Nemch,
“Simulation of friction stir welding and processing,” in
Advances in Friction-Stir Welding and Processing,
Elsevier, 2014, pp. 499-542. doi:

10.1533/9780857094551.499.

67-J. Hawk, R. Franck, and H. Wilsdorf, “Yield stress as
determined from  hardness measurements  for
mechanically alloyed aluminum base alloys,” Metall.

Trans. A, vol. 19, Sept. 1988, doi: 10.1007/BF02645062.

68-J. Corrochano, M. Lieblich, J. lbanez, and H.
Abdollah-Pour, “Relationship between measured yield
stress and hardness in aluminium matrix composites
reinforced with MoSi2,” ICCM Int. Conf. Compos.

Mater., Jan. 2009.

69-R. W. Hertzberg, Deformation and Fracture
Mechanics of Engineering Materials. Wiley, 1996.



https://books.google.com/books?id=hkWpBwAAQBAJ
https://shop.elsevier.com/books/recrystallization-and
https://books.google.co.uk/books?id=A
http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-03-19 ]

[ DOI: 10.47176/JWSTI.2026.09 |

135 113-13542“ c1404 Qu—w‘} K] kiti ‘20)\».-5 c".h:}\g JL-: c;}‘ﬁ‘ 6)&..‘2}9'- ‘5)3\;5 K] c_,l.ﬁ Aij.:a' X A.H.\-..ﬁ Baagit] &)&g}s BV )

section of the binary system aluminum-molybdenum,”
Metall. Trans. A, val. 22, no. 8, pp. 1729-1736, Aug.

1991, doi: 10.1007/BF02646496.
83-G. Ma, M. Zhao, S. Xiang, W. Zhu, G. Wu, and X.
Mao, “Effect of the Severe Plastic Deformation on the

Corrosion Resistance of a Tantalum-Tungsten Alloy,”
Materials, vol. 15, no. 21, p. 7806, Nov. 2022, doi:

10.3390/ma15217806.

(A3xx.x/SICp),” Corros. ci., val. 47, no. 7, pp. 1750-
1764, July 2005, doi: 10.1016/j.corsci.2004.08.010.

81-A. Jan et a., “Commentary: The Materials Project:
A materials genome approach to accelerating materials
innovation,” APL Mater., val. 1, no. 1, p. 011002, July

2013, doi: 10.1063/1.4812323.
82-J. C. Schuger and H. Ipser, “The Al-Ali8Mo3


http://dx.doi.org/10.47176/JWSTI.2026.09
http://jwsti.iut.ac.ir/article-1-516-en.html
http://www.tcpdf.org

