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Review of mechanical and microstructural properties of aluminum matrix
composites reinforced with ceramic particles produced by SPD processes
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Keywords Abstract

Metal matrix composite Metal matrix composites are bunch of materials that have wide range of uses such as construction, abrasion, and
Sever plastic deformation heat. This type of composite exhibits better dimension than the base metal such as temperature applications, strength,
Reinforced particles rigidity, thermal conductivity, wear resistance, creep resistance and stability. In this study, the methods of producing
Microstyucture and mechanical aluminum composite reinforced with ceramic particles, especially the processes of sever plastic deformation, have
properties been investigated. The main focus of this rescarch is to study the microstructure, mechanical propertics and

Goveming mechanism mechanisms governing this type of composite produced by two ARB and cross CARB methods. The results of the

research showed that in the initial passes of the processed composites there is no proper distribution of reinforcing
particles but by increasing the number of passes, the particle distribution is improved and the reinforcing particles
are distributed in longitudinal and transverse directions. Tensile strength and microhardness have the same trend
which they gradually increased with increasing strain rates and improvement of particle distribution but elongation
at first decreased in the initial passes due to the inappropriate distribution of the particles, porosity and cluster
particles, and then improved with the elimination of these imperfections and distribution. However, the mechanical
and microstructural properties of the CARB method are more favorable. Also, the governing mechanisms for
microstructure modification in produced composites by rolling processes are the formation of the Orowan loop, role
of reinforcing particles, difference in the coefficient of thermal expansion of the matrix and reinforcement, and so
on.

Please cite this article using: 0w Lod oolisiw! 5 O ylae 5l allio ol @ gl )l (gl
Tayyebi, M. Rahmatabadi, D. and Hashemi, R., “Review of mechanical and microstructural properties of aluminum matrix composites reinforced with ceramic
particles produced by SPD processes”, In Persian, Journal of Science and Technology of Composites, Vol. 5, No. 4, pp. 583-594, 2019.
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! Aluminum metal matrix composites (Al MMCs)
2 Hybrid metal matrix composites (HMMCs)

3 Sever Plastic Deformation (SPD)

4 Accumulative Roll Bonding (ARB)

° Equal Channel Angular Pressing (ECAP)

¢ High Pressure Torsion (HPT)
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4 Cross accumulative roll bonding (CARB)
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Fig. 1 SEM micrographs of the A/B4C/A1203 composites after different
ARB cycle: (a) first, (b) fifth and (c) tenth [18]
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% van der Waals
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Fig. 2 Comparison of the distribution of particles in produced
composite by: (a) ARB and (b) CARB process [2]

(b) ooz 3,5 (8) by 4 00 0dgd Cumals 55 SIS 58 Al 2 S
(2] ghlite (xozd 3,95

gro Sl 99,5 wiaT 8 5 (g5l ba ey Ol s -3-3

ol esise Sl diged 03,55 oly 58 5l Gy Slge Jeil 5 0,95 918 5
5 0S5 5 Sesl 5yt Sy IS 5id Sl s el 510
O Sl 2 D03 @385 25 o0 D50 e el 50355 e JLe)
a8 aib oo adss GYAY I Gab 0g,5ST g lbades Blybl 13 citosl
oS S8 Az o o S o Jie Blibl 4y 1) baadgs 10 092 ge )
Cle &y rtzman 955 g0 D90y DS @i w3l i el S5
05 o (6555 bl 5 el Dl UK s 2ol il
Syye e peeesl] Sloys Jlasl 5 b oS5 Y 5l o5
Sty S8 et Sl ol y2 5l wm ladiges ) comts 205 0
ot il digad &y S 0ad (55518 sladigad ool 5 il o Sl
Ngey Pl 390 5 By, (nl 0 B3 e @i b adl b e GRalS
o Joil 057 Grizmed S o0 Ol |y RSl (20l el (slaarY
00 252y B )5 1 S oo Dyge 1 51 S g s S5 0 50 by
B s piyBlasl.cul (658 alSouiul glls sais Lol diged a3 cons Ll
25 8 Jol edoas a5 0,0 0525 (g, cnl 5o 0018 S0 po s
Joo laadiss adloe anld )3 b adgs Bdo 5 OIS e e e
g b bl S50, 5 Gialer sl (emlie (e S pess
Jdody 55 b odsu Jlade ol oo (iol38l S5 aclil alold aie) yo oyl
Mise Gt Gl iegl] S JSE i SolB )
Ot speresd| i bl IS i b eeid 6095 ol o
i e Juail g a8 g0 polel s 5 Vel eyl ol
[15.9] 558 0

9 GSluy, plss » ablite orexi 9390 3 2o 3)9 WU -4-3

SRy Ly jels (Sl
Csgey il 59,93 5 (x5 0,90 sloa] b Jlasl 156 o) Sen 5 slox
b Gl [47] 2io8 oy ALSIC (S ) cojorels jSla, 2,
ks 51 (ko (SoadgS g Wl i SISy (S bl 3 SL
Ci ) s D130 1 3529 1 10 00iS Ty O jge ) i 00l g
9 99 ss oaalive 0,3 5l (JI> 55 blis g Dlide ¢ plasal sla S L
IS sl sy (o0 55 2 Cllaoli SIC 5 piagll 5 s Juab coteS
0 Jolo 55 6yl @it CAR 5 ARB slaan Jleel L 3
i 5 SIC s pub 3, Si g SIC Gld g oud el {47]
Si S5 ool w3 oy dlolh 2alS 5Si 03l b S5 s o y0glST
S e Jab Jlasl SiS 0500 59,5 4 JloadsS 2 5l T L
Sl s 4 S0 0 ai; sloasls b 5, g Ol Bds SIC § euios]

587

0,5 1 gas sbiuly o Shd mie bt 5 wbige 205 pantiesl
[45] 595 (oo yae (ND)

Hlid Cod pauS Sy el Ol S gleadiss e W?” O59ymaST -2
9 by catSCogis Ol sladdyd p ;0 muiuegl] Aie) g (SOges
-l O3 CB eSS it ] (sdms S dad e 39 S

Dot el (Jloel 13,5 o33l w—*“’?ﬂ Ao} Ho s S s -3
50 eSS e O3 cplple 05l o slaligx SIS o3l g IS 5o
W oo P dine) yesl y

sladss s @y Job SR w4 Gy Jib GRS -4
S galold mali8l el onyay ol gl go Sl 0,55 Cpzr slivl e
Sl s 53 (S9SG Sgngn 9 D3 Sl am b (AL pud slades sy
98 ez 53 5y9 ok obasl ke ¢ grazs 550 a8 50 [46,8] 25 e
08z s Bk slawl 8 e e j0 Cules ol ol a5 s o0 )
o i g S e 45,5 B Sl 55 IS e
2 old Gige b BLIL s 55 Jeb skl cnlple adliee jho LoyEs
ablite (xexs 3,0 an T 50 blis ;o .l 236 o B9 Bre b,
2 O5nte Sl Jole (nl g 050 529 00 (oye L) 0 s sk okl
A ol oolo oy f:)..ulin )LP O )‘ g o0 c\.LHSwyu Q‘)fb sy
55wl e Iy wlioe ol el T8 55 50 sl ol a5l
2> G555 Jusl 5 g 5 720 S e s ot ol nacs
s (op g 0950 Jlasl o0 (58 Sbly 10 (155 (28 s,
(e NS Sl B3 SESIESy g e S g LS len; 50 e sl

sl

Folisin (2025 0 )95 9 (gm0 3398 SBT3 )0 Sy 23598 A o -2-3
055 TD gz 5o 5 Sl 35 s (15 Sl gnood 0y58 ]85
s ol Sl 55508 50 alnliy ogdise 4B 0 ho
oreesll aipey 30 O3 ause Glaplle (raz 0)5 (bgy a4 euiS
TD caz 5 53 a5 5l s oad Jos ojls RD s ND elyz o o
90 (2557 cleay ablice (orazmi 0)5 wnld (b o ogdse Sl o
5 Fob Su 50 2 oslite Sl (b o ND jeme Joo aiged (slaz o
Do Jlosl Sz 99 2 )5 5 w85 5 0,8 by s poe
S 0 aBS Sy (e 5 Job Suz 93 2 50 Sl wie bl
Wipe) 53 oXS Cughl DS @i 2 JSL 09 e SRS S @8
sl o il ablite (xaz 358 5 (xe 9y58 s 55 byl souiasl]
@l Dl g Slorio [0 Ol a o8 anglae b aS aas oo lis Slaslis
el ol s 4 15 s adoliite xezs 8,55 5 c2eS 8,55 Slodiged o
Sl @ss 3l e ablite (oo 3,58 300 TD Cugr ;5 S5 @je8 o
Sz o S @i (5 2 IS8 Sl (ore 9,95 5 TD g 5o
(%o 3)58 Wiged RD gz )3 D)3 e 5y (xea )95 49w RD
S smas 8,55 T3 45 558 e 555 1 0] s o ol
oz 58 wnl e s osdiee Jlesl cuz S g0 el oleiy
25 5 Job bl 99 8 » ND jome Jo> digei (23,2 b ablite

120 050 ct15iSy gz 53 52 50 DS s 5 Ssdise Jlasl (S



Wbl 5 Sub ele

oAby 0 euiso ol T e Sldwy i s10lS (G olidk ju) 9 SSlle (olod 1 6)9 20

8395 LT 13 b ol 5,918 MMCs ( SlSo plgs oy —4

bl (orozxi 0y 9 (R0

SilSo g3 Sgute 3 IS a3 Jolge -1-4

O Aild g g iS5 -1-1-4

sy DIl S Sl S5 o 258, A 5 IKes 5 sl
a5 g JLllan Sene e S el (e 9550 (hgy 4 oad
sl 8 5l adsl Jole 4o [13] aib o (ladils; o o gl 055l80) laails s
) ploinl (ol 38l Lol i olral Coghi b (Sorw )5 oxes 0,95
asls Mol Jdoay YU plSouinl 3V slo Wby jo0 a5 Jb 0085 o 550
7y dgagp by o el B IS 5l a8 alKia [13] Wl ce Cemoas
[45] aiS o s3b 1y (s plSinl Lol i laails

Ao Hd 0SSy oilF Ol yd yiudii -2-1-4

O 258 4 ol o ARB Ll olass (aolidl b 1) plSoainl ol38l
odd (5318 Cojorels JLSle 5,5 j0 oSy 5 )b pad ladss
QLS o S el aasls w5l eanS o gt S e [48] ol s
Sl o 50 S (oo @l 1) 5508 laails LS5 sln e Ll
aio) ,0 lyd jgam Wgh co 4Ll diie) s oS o ghs l)d wil,d ol
Bzl 5 2isd gor o] (Sluss 53 b plrall a5 25300 o
el g 09 0 by Homlanme) S i Jad Su33 g a3 glal
el cusis (gl old akal, K8 [20 ,18] s4d o plSoxinl Sgugn
S e oSadly S sls 5 50ty (s3080500 5 S5 6
G55 65l g oo adgi a9 DS o (2255 )b b o
Tl S35 g dise 50 45 S9d oo (ouiin p3Y Sl >l adgs 4 e
0diiS ol Oy yuizmen [46 ,45] gl oo 0,33 dgfdie; S i
s 8 )3 9 WS g0 Jos @ile Sy wile (1S (501 (e 5 (Sl
gl oo plunl il

Jedxi -3-1-4

Al alS o saiiS g Dl,d Bkl o peasa &l jsas
WS o Ll Wges Job obojl g ol oS o 1) cege a3 L
CujeeelS j0 oaiS sl laneds LI a5 oo Slibl 10 sgzge oo
9,5 a8 calizee lawly yo J5sw (lie 5 UK g (Sl (olys
Sys iy il sy ;o 5 S b gllae o e bt |, oxazs
Moy S8 E0als (Sl (ly> (JASS Gl (39 Vb oty (ro
5 plSoctal (235 plime 20l g (e 095 lagely GBIl 5 w5 o
3y Sl & plsiiee oSl S8l Jolse 1S5 51 wbyioo S5mgs Jsb oo
S L (Pl a5 lmoaniSCosl 55 slaalsS )3 pgada (S ie Jad
Sy )55l o8, YU IS jsbay [51,8] 5,5 o La) arily o YL
CuigeelS jo J5dss asl 0934 g e olyd S i fad
o Ay (e o & 0)98 (b LajeralS o S palS g o
S old Gilular g Sl Gad a0 g Shp Ga 5 Sl JLad
Gl il o il Ul 5ys8 slael slass el b ool (K005,

L ooad Mol (Saisy, g sadaisy, Al/SIC ¢y jals Sl olss
‘hls.’?;w‘ as é}stA sasliv Al g J.u] 99,9 9 (e D)9 6&@")3

o sy il g )58 g (oo 358 sl B Jleel Sl ey gl
95095 P9y 4 0dd Mol (S ; aiged | it 00l (gres 3,58 diged
$hlo @, b a5l 8 ST Judoas CAR wiges 40 g ol dimgy Juil
bl malB L Sld maser (o endy ol (5 i (5 iy Blas]
5 5dsi5 glaanl s cde a4 5 WS o Folel e (Sl JSG puss
1471 a5 o 5oL, Si 8,5 59,5 o s

ARB CAR

Fig. 3 Distribution of particles in produced composite by: (a) as-cast
and modified by (b) ARB and (c) CAR processes [47]
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Fig. 4 comparison of stress-strain curves of Al-SiC produced as-cast
and modified by ARB and CAR processes [47]
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