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Keywords Abstract

SPD In recent years, different SPD methods have been attention of researchers to produce metal matrix multi-
CARB process layered composite and to achieve good mechanical properties and microstructure. Among SPD methods,
Ni particle CARB process is inspired by ARB which has the ability to produce metal composites with better mechanical
Mechanical properties and and microstructural properties. In this investigation, for the first time, aluminum composite matrix
microstructure consisting of 5% pure nickel powder was produced by CARB in eight pass. Microstructure and mechanical

properties of produced composite were evaluated in the different cycles of CARB process by optic and
scanning electron microscopy, elemental analysis, uni-axial tensile test, microhardness, respectively.
Results of microstructure showed that the bonding between the layers in the first passes is weak and there
is a porosity in structure but by increasing the passes and after 8 pass, in produced composite, distribution
of nickel powders and oxide layers has better than previous cycles, and porosity reduced. By increasing the
number of CARB passes, tensile strength and microhardness increased continuously. The reason for this
increase is due to the governing mechanisms in the process of SPD, and the nickel powder did not
contribute much to this increase. Also, the amount of elongation after a severe drop in the initial sandwich,
increased by increasing the pass until the end of the eighth cycle, continuously with a low increase rate. The
tensile strength and microhardness increased 3.88 and 2.5 times, respectively, compared to the annealed

sample.
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! Metal Matrix Composite (MMC)

2 Multi-layered composite

8 Ultra-fine grain

4 Sever plastic deformation (SPD)

® High pressure torsion (HPT)

® Equal channel angular pressing (ECAP)

" Accumulative roll bonding (ARB)

: Cross accumulative roll bonding (CARB)
B.C

9US 9 pgle &y s

Jjesrols <)

[y

280



UL 9 b pluso

w3 T3 b 03us 3o AINIY5 S lalw 3a) 9 SSwilse oled () 2

)94 L8 5 9Ud 9 pgle dy i

('Y

281

@9 G 0 BEs 0995 w5l Sl jslitear imen (28 S 8
&V s 5l ooliinl b )b ke 5 ey 3o 13 v 59y 5 oy
550 ady s £alS L sy o ik iy Sy & oSne
Gilise ol 2 S8 0 ais S 13 Gl sles ;5 (0,92 Jolee L))
G S pptaagl Y CoipedlS sy sl gyl <L

ol 0 adl,] IS5 ,342/1020

bliso gxoxi 5,95 Wil ,8-3-2
ol 5l eolaiwl b S5 j0m/ meinegd] CojmelS cl pg gal>,e yo
J3 galo e 5l Jols oad wg lacyjenelS cabline crezs 9,6
odils,> a0 90 axis 5 dges jeme g o lal (adgl gmgaily)
9 0l [RVY) ﬂlﬁ Mol o8 90 O g0l u’_lj.la LgL-.«J) 9O e RUHR W
3 s 28,5 ol (595 (gm o e0liial b (65 55 5 5
g 50,5 Aol g 03,95 wp mhaw 90 (v il eole] Elles
31 60Y58 e Langi ¢35 Elpgan 5l g g WS 03l 13 oo (g9, (S5
Jolee (15,5) 50% culs als Cod g aiod di oSe B,k >
o 50 a8 Col S B s 1SS Wb 8 5 anTs ol g aws S 1,5 (0.8
Sges joome Jo> 42,0 90 (3 Wl Sy 4 S sudy sdige b
20 e b b allislej] 0,9 5l eoliiul b 8,45 Sldes 05 2 oo dio 5
SGlg, 5l eslatul ygas 9 BUT sles jo e Leo 320 slaSile jlad 5 o5
el o ools Ll Soledds &g dy adsl oile 3 o IS8
clanio 23S Bl 5 S o9 el Jleme 53,5 S s L
[13] e sy (1) alayly 51 Joleo Sdly 23S

2t 2 1
Y Y S @

(oS 3,9 .\.J)s Sl slaws N Jobew (15,5 gegealaily ol jo

4 Cwubro Lials Jaae R g ol cuwls jlade t adgl culis lada ty

55% ¢ 50 cuolies jials gly Jolee (23,8 lade .ail o (wl o S5

Seel Jolee 255 Jlade (1) abaly 3o 0l 2092 50.8 il o gy

(ebline gnozd 8,58 wnlp ol e 5 adsl @uswils) et o o
bl o0 7.32

SHB plgs oy p -4-2
~0sesl g (Sl ol oS gl meieadll Cu sl S Lo 5l g
S5 al B Gl slaply o (i (SBi g 0jpeSS (RIS slo
0y3eaSS (RAS (y505] (gladigei L8 I ) 050 ablite orezd
5 Sl ol cile abows 4 3,5 sbial, 51 ol 6l o> o lbeul bl
Lo (5lod )0 0,570 S5 S (59031 00,5 angd digel aw (ol o
—ay b bl el olSiws 1 eslatwl b9 8.5%10-4s5—1 15,5 #5L
5 ol S RSl el 5 ST slagoie e skite
Jsb ol e b abul canSs alais b 228 oyee)] o Jsb Ll
s S g3l 3l am g BB Az Jsb (s ejll oyb I e wised
Sl gladigel (Sdy e Sz 5y S 0903] Orize

LJIS 72201
2 Ultimate tensile strength (UTS)
% Elongation

Fig. 1 SEM image of the used Ni particles

o solistd JS5 1,8 3l oy (G350 5SSy 1 S

Table 1 Mechanical properties and initial dimension of commercial
purity AA1020 Aluminum sheet after annealing

3 s AAL020 (5o Galls ool (3,9 4l slal 5 (SolSe olss 1 Jgur

st
(S (oS plSoi! adgl slal osle
(VHN) (MPa) mm)
B el
24 47 180x70x0.5 A e
AA1020

3 9SSy pgas 5 0sd bl (555 LAl eainagl] G 4l
el oas osls )l T JS g 1 Joa 50wy IS5 ,09

gl ggwiln (5,15 -2-2
Al almgay S 5953/1020 eoiagll (glapY Cuanals Shogsy cnl 5o
al> 0 55 gyl ablite razi 0,5 oil,8 0l agi ablite _xezd o,
5 5 adsl ilweslel olie Jalis pog b slanY (slacy jopals
Jleel bo)g Loles 9 Lagys 0010 513 08 (59, 9 (e oS e Jad (o
b Glae 5 adsl Cojoals cole jolaieay wilios o3 Culis als
5 oBre 5B slad b oad Juil 5,5 alls einsll 39 6 51 2 S5
oolel Gildes o adgl sla,g lanl jo o eoliiwl HSs (Culrs
9 uT L\ L)’“"““"" J.QL.J L5)L“"°‘>L"] E_JLA.LA.C u.;' M; )|)§ Ls’b‘“‘ g)Lu
s 5 sl (35 n5 5 GBS 5 el b 2ljer nle
Syge $9Ys8 oolaw jleslainl b wled jo slaay onsls asb e
IS )05 oo 200 5 Jlade laaiges adsl Silwoslel 3l o 2SS
(S i Jad 5) puicoglpuicagl sloas¥ slocS jLie Juad  Lalls
Sleslainl b conieos)] sloas¥ S i Juad o j0g iy, A Ay,
@l 4y, B e o ol 5 c S S & jped il S

o> do o 1l Wgﬂ/wyi sl i Jad o aS slases



Uled 9 Gub pluss

w3 T3 b 03us 3o AINIY5 S laLw 3a) 9 SSwilse oled () 2

59 L g Y ul anSls cels a5 ool o sl -1
.Msnpgl)él)jlébjléwwolialsoaidw"“ Jad galnii S

oS &Y s aS5aSS el a5 sty oy slanily olml -2
g oo

ol g slagwl slaws LialpEl b as 0gd co evmlie 4 JSi b golas
GFR) SadS 4 5 digd oo 4uSl S| GlaaY ablite oxezd 5,4
“0Y Glgice by Wsboe @9 seriegl] (Gaie) y0 g 0ad o
NI SN R PUCTUN | VUSSPV ST GV L VI PPN VUL R
pae 5l (5b Gla Jxlss a5 098 o sadlive JLSlag, polal jo Cruismen
oy Jolpe (saled o Wsﬂ Sy b S5 sleyog (Sais
la J5xlss cabline oz 3,55 9T 3 slaioly olass ial3dl b Js il
i osl (25,5 Gl b rizman loss @358 sorionsl] deej 1 5 528
@y pie Wb 50 g Wload 0asSTy ceniaegll ate) ;o USG5 (slas0g
o A s oo swalie (LB e & e S sloos 5l s
b Wload o gounST oY puzes 4 W}ﬂ Cdino) 45 dw,
eS8 gl Sl 4 cas ol Sl 0 S5 slayes

S ]
Adding Ni particles to

interfaces of Al/Al

U

preparing

LN -

Primary sandwich
Rolling by 55%
reduction thickness
Fig. 2 Schematic illustration for production of primary sandwich

4¢J5| @y.\il») colw Gl)'n 1Y) c)|5c)542 J&J)

ND
rotated 90
around ND axis RD—-
TD ‘
cutting
G4
.
surface

preparing

A
I

rolling by 50%
reduction

Fig. 3 Schematic illustration of CARB process [11]
[T1] ablite oz 0,5 anT 2 o)l 7,k 3 S

b cos | g oltws jloolital b ablite oxens 3,5 ail,8 b oo
) 05 oz p dgee bial) ;o 4l 10 L Jleel Gl 5 )5 200
ol plsl 5l s [14 131 ws oSyl (Usb 5 culrs amio
ol edle] (1200 B 80 ) soliiw § 0y Cile dawgi lddiges ( SSw i,
ol calizee alai 10 I i )3 pooi) Sjgots diged o (sl (i,
ek 5l 28,5 5eSlos b e g ity polie Bl 5l ey 5 0 655

Gl ol (o) -5-2
S ghabe v 5 6,63y (oleS (jeelS saiged Sl 5l
P95y Se 5l ooliiul b ablite (orexd 0,9 anlp it slagul o
@85 15 addllas 5 (owyn 990 (9 S9A DSuy Se 5 69
SlS @s sogs 5 S e Jad s by Jlail codS (ow)n ki
2 dgee ghis | pladisel (cortiadl loa Siie Jab o S
4wl B it [l 50 ead (55508 Gl slacyjsals 0,50
s ol oolaul 0y cole l lbdiges gloals jo Jged jelriedy g o
s Gidgy adlsl 5 clsy 300-5000 (slaoskin oS 4 botiges
Glodises gl aizeen 285 plonl Liagll o5 5l eoliul L ladises
S5 (syp she 4 opgme ST AS S plonl Sl e EnSS
3eolatwl b cusls cdls e g baY o 60,98 Jlail )8,
ooy p 285 JE e S5 gy (G ogSeg S
o 658 SlogsSs Son aliwsts ol oy I ceSl 5 g by,
EDX (s paie U1 4 jezme " SaleS Jae g, (G955 ussed
4 w0y S5 AS Send plonl Sl (g EnSs gladiges mla ol ploxl
Pl et s LAY G 05 Ll )8 (SSr (o) ssbe
oolainl L caddsl dlge b anylie 9 ool ags (o jonels aiged gl eSS
285 )18 oy n )90 VEGATESCAN «(piug) (59 58Ul 098y e 5|

e -3

Sl oy -1-3

o7 5% L oud 0si CujenelS (558 sSs S uslai 4 IS5 o
ool (las ablite (crex 9,9 vl B iz Sl s IS5 09
5 IS 508 csinST saY G 5 508 il oy w4 wilas
oo (Bl g sortoosll diej 4 U 05 (St pae I 36 s
4 0dd a5 slatujenels (oeled 0 aidlioe JHSS plgie 4 jog S
T 0lsS 5 o sunlie AIAL (oS i Jad ;o sounST s4Y oy
o kY 5 WolsE e 3590 1y el 53,55 Jlail (S
sy &5 cwl oas )58 sl &l ganST saY Bis pas p
55 b 0 sl @ cond o a8 s pddlladl o a4 g5
sy bl s wles 65180 5 s sy olal 58 4 g 9eh e S
Wb g9 90 0, Shee o 4 (anST aY a5 awsl,e lagl [15] sas
Sl )le a5 Wigd co 4SS Loy

L JENUS

2 Olympus PMG3

3 Cam Scan MV300
4 Quadir

J920L8 5)9Ud 9 pole &y puis

('Y

282



U 9 b plumo

w358 b ooy 3udgs ANIZ5 (5 bl 3 9 SSaille Yoled w3

J 94018 5)9Ud 9 polc &y s

(' ¥

283

300pm

Fig. 4 Microstructure of Al/Nipowedr composite for different CARB cycle: (a) primary sandwich, (b) second pass, (c) fifth pass and (d) eighth pass
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Fig.7 Engineering stress—strain curves of Al/Nipowedr composite at the
different cycles of Cross Accumulative Roll Bonding process
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Fig. 6 Microhardness variation of Al/Nipowedr composite for Al layers
at the different cycles of Cross Accumulative Roll Bonding process
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Table 2 results of mechanical properties of multi-layered Al/Nipowedr composite as a function of number of CARB cycles and equivalent applied

strain
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Table 3 Comparison of mechanical properties of the multilayered ARBed and CARBed composite reinforced by ceramics particles obtained in this

study with those from previous works

Solo iz b abolite noss 3,90 5 smesd 3,99 b oud udgi (Seral s D3 b oudity gl 4Vois slacy jenelS  Suilse Lol awlin 3 Jous

&> Bty e oLl Al eiles RWRS ESC P Slaws Sy i ,S Bt Olge
(VHN) Jobo =l 3 ojlail ez EVC R ol Jolas
%)  (MPa)  (um) o e
ol i 59.5 6.8 182.5 <75 5% eblie 8 7.32 Al 1020/Ni
[6] ~89 ** ~360 3 8% eblie 8 6.4 Al 1100/B,C
[7] ** ** ~325 3 8% PYCE YN 8 6.4 Al 1100/B,C
[7] ~75 ** ~280 il ablize 8 6.4 Al 1100
[8] 100 10.9 280 <50 2%-2% ablis 8 6.4 Al 1050/B,4C/SiC
[8] 84 9.1 240 <50 2%-2% PESES ] 8 6.4 Al 1050/B,4C/SiC
[27] ** 6.4 344 <0.1 2% 58S asy, 8 6.4 Al 1100/Al,03
abli
[28] *x 6.9 354 <0.1 2% 9 S galS 8 6.4 Al A356/SiC
i
[3] ~90 *x ~275 3 15% ablize 8 6.4 Al 1050/Al,03
[3] ~85 *x ~245 3 15% EPVCE N 8 6.4 Al 1050/Al,03

J 92818 5)9Ud 9 pgle Ay yuis

[}

286



UbBed 9 b lure

R BUY V- Salg3 AI/NI%5 G laWw j3) 9 S50 olod (Hw) 2

J 93018 5)9Ud 9 polc 4y yuis

(' ¥

287

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Naseri, M., Hassani, A. and Tajally, M., “An Alternative Method
for Manufacturing Al/B4c/Sic Hybrid Composite Strips by Cross
Accumulative Roll Bonding (Carb) Process Ceramics
International, VVol. 41, No. 10, pp. 13461-13469, 2015.

Alizadeh, M. and Salahinejad, E., “Processing of Ultrafine-
Grained  Aluminum by Cross  Accumulative  Roll-
Bonding“ Materials Science and Engineering: A, Vol. 595, No. 2,
pp. 131-134, 2014,

Verstraete, K., Helbert, A. L., Brisset, F., Benoit, A., Paillard, P.
and Baudin, T., “Microstructure, Mechanical Properties and
Texture of an Aa6061/Aa5754 Composite Fabricated by Cross
Accumulative Roll Bonding™ Materials Science and Engineering:
A, Vol. 640, No. 7, pp. 235-242, 2015.

D. Rahmatabadi, M. Tayyebi, R. Hashemi, B. Eghbali,
Investigation of mechanical properties and microstructure for
Al/Cu/SiC composite produced by Cross Accumulative Roll
Bonding process, Modares Mechanical Engineering, Vol. 17, No.
7, pp. 180-184, 2017.

Alizadeh, M., “Comparison of Nanostructured Al/B4c Composite
Produced by Arb and Al/B4c Composite Produced by Rrb
Process* Materials Science and Engineering: A, Vol. 528, No. 2,
pp. 578-582, 2010.

Rahmatabadi, D., Hashemi, R., Mohammadi, B. and Shojaee, T.,
“Experimental Evaluation of the Plane Stress Fracture Toughness
for Ultra-Fine Grained Aluminum Specimens Prepared by
Accumulative Roll Bonding Process Materials Science and
Engineering: A, Vol. 708, No. 2, pp. 301-310, 2017.
Rahmatabadi, D. and Hashemi, R., “Experimental Evaluation of
Forming Limit Diagram and Mechanical Properties of
Nano/Ultra-Fine Grained Aluminum Strips Fabricated by
Accumulative Roll Bonding™ International Journal of Materials
Research, 2017.

Quadir, M., Wolz, A., Hoffman, M. and Ferry, M., “Influence of
Processing Parameters on the Bond Toughness of Roll-Bonded
Aluminium Strip* Scripta Materialia, Vol. 58, No. 11, pp. 959-
962, 2008.

Mehr, V. Y., Rezaeian, A. and Toroghinejad, M. R., “Application
of Accumulative Roll Bonding and Anodizing Process to Produce
Al-Cu-Al 2 O 3 Composite* Materials & Design, Vol. 70, No. 2,
pp. 53-59, 2015.

Xing, Z., Kang, S. and Kim, H., “Structure and Properties of
Aa3003 Alloy Produced by Accumulative Roll Bonding
Process* Journal of materials science, VVol. 37, No. 4, pp. 717-722,
2002.

Motevalli, P. D. and Eghbali, B., “Microstructure and
Mechanical Properties of Tri-Metal Al/Ti/Mg Laminated
Composite Processed by Accumulative Roll Bonding* Materials
Science and Engineering: A, Vol. 628, No. 3, pp. 135-142, 2015.
Dehsorkhi, R. N., Qods, F. and Tajally, M., “Investigation on
Microstructure and Mechanical Properties of Al-Zn Composite
During Accumulative Roll Bonding (Arb) Process* Materials
Science and Engineering: A, Vol. 530, No. 1, pp. 63-72, 2011.
Shabani, A., Toroghinejad, M. R. and Shafyei, A., “Fabrication
of AI/Ni/Cu Composite by Accumulative Roll Bonding and
Electroplating Processes and Investigation of Its Microstructure
and Mechanical Properties* Materials Science and Engineering: A,
Vol. 558, No. 1, pp. 386-393, 2012.

Eizadjou, M., Talachi, A. K., Manesh, H. D., Shahabi, H. S. and
Janghorban, K., “Investigation of Structure and Mechanical
Properties of Multi-Layered Al/Cu Composite Produced by
Accumulative Roll Bonding (Arb) Process* Composites Science
and Technology, Vol. 68, No. 9, pp. 2003-2009, 2008.

Mozaffari, A., Manesh, H. D. and Janghorban, K., “Evaluation of
Mechanical Properties and Structure of Multilayered AI/Ni
Composites Produced by Accumulative Roll Bonding (Arb)
Process* Journal of Alloys and Compounds, Vol. 489, No. 1, pp.
103-109, 2010.

Alizadeh, M. and Samiei, M., “Fabrication of Nanostructured
Al/Cu/Mn Metallic Multilayer Composites by Accumulative Roll
Bonding Process and Investigation of Their Mechanical
Properties Materials & Design, Vol. 56, No. 1, pp. 680-684,
2014.

D. Rahmatabadi, R. Hashemi, Experimental investigation of
fracture surfaces and mechanical properties of AA1050 aluminum

G i -4
b el U o9 5% 5l Ut meiengll il CugnalS Gimgly ool 5o
Jobe (15,5 Jleeh) by cutia jo ablie orazs 3,55 by, ;5 oolaiul
S50 ides Gla S ;o LS Lug ;5 (SHle pls 5 ol wes (7.32

lse 25 2 rb 4 ol Sy S 0 5 Az p &S CES 5 ) p

ol )3len; Glagw, 5l Jol> ()5 @Sy Koo pylas -1
L USs sboyog (Sais pae 5l 28U gladadss a5 ols
SRl L g ils a2y Jolpe paled 5o cortiagll satie;
modd yieS o olsd cablite rezd )98 M])S sla b slass
olaws Gul8l b yiores Sloads 2598 W?ﬂ Ay j0 g il
5 ST sloaY s eblite orazw 0,5 anlb slagsly

8l S Wsﬂ A 5o IS5 wilyd

Mo ablite graz 0y anld o Jlael 105 Gl L -2
5 RIBNE S Al cdl (lB) dg jeba S0y (i
ol g5 rl ol RlBl L g 0o i ol glagsl
& Spw) 595 4 plia el bl o (B i 8L

ol 2.5 adgl soads il (saiged 4 s

Gl L a5 sls Lt 0ysmecSs 1S g3l 5 Lol mbs -3
Ol (888 plil abline ez 3,58 wnld sl
5 Solite 25 b (Jy atwgny Ojgon plovinl Gl b
) sl o &5 (Siped b saslin ke ol
odal Cowddy it plotinl ol edmlive (5 i Ll F
Aged pl2 388 9 2.2 i iay SLb b 5 adsl mosle Gl

Db oo adsl

S om JSs emlaeieddl CujenslS sl Job obsjl Jlaie -4
J..J:l)s sl b uwl).el L ‘A.:J3| @5.).;[.“) Lgl)g o &Y L Luals
b B sl ool 5l Jlesl (23,57 (20138 ablite oo )98

8L Gl oS F 5 b Ay Ojgod pilin

&=l -5
[1] Jamaati, R., Toroghinejad, M. R. and Najafizadeh, A., “An
Alternative ~ Method of  Processing Mmcs by Car

(2]

(3]

(4]

(5]

6]

(71

Process* Materials Science and Engineering: A, Vol. 527, No. 10,
pp. 2720-2724, 2010.

Lee, D. and Kim, B., “Nanostructured Cu—-Al 2 O 3 Composite
Produced by Thermochemical Process for Electrode
Application* Materials Letters, Vol. 58, No. 3, pp. 378-383, 2004.
Alizadeh, M. and Salahinejad, E., “A Comparative Study on
Metal-Matrix Composites Fabricated by Conventional and Cross
Accumulative Roll-Bonding Processes“ Journal of Alloys and
Compounds, Vol. 620, No. 1, pp. 180-184, 2015.

Alizadeh, M., “Comparison of Nanostructured AlI/B 4 C
Composite Produced by Arb and Al/B 4 C Composite Produced
by Rrb Process“ Materials Science and Engineering: A, Vol. 528,
No. 2, pp. 578-582, 2010.

Ruppert, M., Hoppel, H. W. and Goken, M., “Influence of Cross-
Rolling on the Mechanical Properties of an Accumulative Roll
Bonded Aluminum Alloy Aa6014“ Materials Science and
Engineering: A, Vol. 597, No. 1, pp. 122-127, 2014.

Alizadeh, M., “Processing of Al/B4c Composites by Cross-Roll
Accumulative Roll Bonding“ Materials Letters, Vol. 64, No. 23,
pp. 2641-2643, 2010.

Alizadeh, M. and Paydar, M. H., “High-Strength Nanostructured
Al/B4c Composite Processed by Cross-Roll Accumulative Roll
Bonding*“ Materials Science and Engineering: A, Vol. 538, No. 1,
pp. 14-19, 2012,



UEed 9 IS dilows w0lgianl 1 0 3o T 38y Lrab ousbluns 9)3ud HUa LW ja) 9 SSailke (olgd 3 Jginiali wulyd 39381 »il

produced by accumulative roll bonding process, Modares
Mechanical Engineering, Vol. 16, No. 10, pp. 305-312, 2016.

[25] Alizadeh, M. and Paydar, M., “Fabrication of Nanostructure

[26]

[27]

[28]

Al/Sic P Composite by Accumulative Roll-Bonding (Arb)
Process* Journal of Alloys and Compounds, Vol. 492, No. 1, pp.
231-235, 2010.

Jamaati, R., Naseri, M. and Toroghinejad, M. R., “Wear
Behavior of Nanostructured Al/Al203 Composite Fabricated Via
Accumulative Roll Bonding (Arb) Process™ Materials & Design,
Vol. 59, No.1, pp. 540-549, 2014.

Ardakani, M. R. K., Amirkhanlou, S. and Khorsand, S., “Cross
Accumulative Roll Bonding—a Novel Mechanical Technique for
Significant Improvement of Stir-Cast Al/Al203 Nanocomposite
Properties* Materials Science and Engineering: A, Vol. 591, No.
1, pp. 144-149, 2014.

Kamali Ardakani, M. R., Khorsand, S., Amirkhanlou, S. and
Javad Nayyeri, M., “Application of Compocasting and Cross
Accumulative Roll Bonding Processes for Manufacturing High-
Strength, Highly Uniform and Ultra-Fine Structured Al/Sicp
Nanocomposite* Materials Science and Engineering: A, Vol. 592,
No. 1, pp. 121-127, 2014.

J 94018 5)5Ud 9 pgle &g s

('Y

288



