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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.

Please cite this article using: 10ug Lod oolisiw! yj @yl jl dllio (ol @ gl yl 6l p
Tayebi, M. Rahmat Abadi, D. Rashidi, R. and Hashemi, R., “Evaluation of mechanical properties and microstructure for Al/Ni%5 produced by cross accumulative roll

bonding process™, In Persian, Journal of Science and Technology of Composites, Vol. 05, No. 02, pp. 279-288, 2018.


mailto:rhashemi@iust.ac.ir
www.sid.ir

U 9 b lure

i 8 b odu 3alg3 AI/NI%5 G laWw j3) 9 S350 olgd (w22

9 e 25 4 Ol o8« Jyexe (ro3 )95 (o) 4 S gblie (oreS
Jleeh) s ol oo b o 5pmels cilo wodiiS casi o3 el
e Sy g (Sl elss oole 4y pbiuws Lol g (i (23S
Al/AI203 AIBAC ,li S o olge pu5l slaJle ;o 5 3] 5,5 o Lal
L Al/Cu/SiC 4 AA6014 AA1100 AAG061/AA5754 4 Al/SIC/AI203
lag)] 5,65y 5 (SlSe (olss 5 00 0y ablite (omazd 9,55 (b,
Slagiagy ster o rizen (115 3] el aid S 15 o) 290
Slatusenals 6 k5len; 5 (SHle pls (o) p 9 Lo 4 oad el
SroaSCush 5 (3y9) S Sjge 4 sl glvosnsS cosis b sl
or & ohes g oolide sl ool Bl yog Djgods (Sl
59 b Lagll/eionsll 5 y50 9T metegll (555l 5 (Sl Loly>
5 6reb 1127 6 3] azslsy ablite 5 Jyere orex 2,5 (s,
Sty peiegll Casoels Gl (S Pl im0 O
ebliie 5 (Joons (2o 3,58 (B 99 & 00l W poanlin 00519
ablite a2 3,5 Ubsy S5n Sile Gogk 50 ol @b (8] sl
S0 Fere (rez 8558 (g, A Camd gyl3 Ly, 5 (SHe ol 50
9 AL (Feny g ok sbojl (oaaS plouiul lade (slaigSay sl
Slp (s &2y iy JHS 28) Jowlie )3y, (ol
b Jolo qblite (rexs 3,58 by, 4 ond adg aline gaiges

A S 508 5% 5l USine peiagll auly CujonslS (il ol 5
oS Oyl an ol ablite e 0)5 by, 5l eslanad b
@lod 53 ol i ;0 5 20 b b b aliylojl 0)5 by ablite
CaieelS calo 51w b el Sy, 5l eolitul s (3]
>y T Dy & (SilSe g 5,3, el (S prkio]
0,970 S5 2aS slaggesl 1l eoliiul b (orexd 3gp anlp Glagnly
or 3§29 S Sen b 50 p e 5 B S Ile Gy i,
5 oon saallas 00 (g, (g pSUl S, b Css shaie o
Syyeds 5B oS eas® 5l Gl lp e cnl ) 28518 alie
Slsi jshatedy (izmen ol ool Y slacejnalS odsi sl o
@Y 6) yioS Culs byt gloa¥ 5l iy (pem 2o b CujealS
P09 e doyd Igx Gmends b eolitul (05 Cwls b el
2l b dnnlio 50 (S maiedl @059:l8) Gaios ! 50 ooliul 590
Sl gblite 5 (Jyore (xezi'3)5 lahy) bond wlys glace jsnels
REATN

G 3,2

Gl Slgo —1-2

ks 05 bt 1020 (6,5 ol pnsl 555 31 gy ol 0
L 99.9% (osls woyo b JSs 95 8 5 5555 sloyeg 5l (bslwe
3 yekaiedy g ol jo el ouls colaiul e Sw 75 3l ST IS ol
350 (slos ;0 1020 otpagll slaggys ohed ozl o p S 0 o
oo b )5S 43 g wind LT digds 90 ooy Se 5 oS ile azpo
Slal g (i 5 (£35S plSoital) (Sl (olgs ol 3 Lane

10 Optic microscopy (OM)
! Scanning electron microscopy (SEM)
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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)
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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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different cycles of Cross Accumulative Roll Bonding process
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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 nom 3,58 5 smeii 9,09 b oud udgi (Seral s D3 b oudly gl 4¥ois slacy jenelS  Suilse Lol awlin 3 Jous

&> Bty e oLl Al eiles RWRS ESC P Sl Sy i ,S Bt Olge
(VHN) Job =l 3 ojlail ez EVC R ol Jolas
(%) (MPa) (um) o9 bl
ol i 59.5 6.8 1825 <75 5% eblie 8 7.32 Al 1020/Ni
[6] ~89 ** ~360 3 8% ablite 8 6.4 Al 1100/B,C
[71 ** ** ~325 3 8% e 3,5 8 6.4 Al 1100/B,C
[7] ~75 ol ~280 el ablize 8 6.4 Al 1100
[8] 100 10.9 280 <50 2%-2% ablite 8 6.4 Al 1050/B,C/SiC
[8] 84 9.1 240 <50 2%-2% LI 8 6.4 Al 1050/B,C/SiC
[27] o 6.4 344 <01 2% 5655, 8 6.4 Al 1100/A1,0,
bl
[28] o 6.9 354 <01 2% § StnS gals 8 6.4 Al A356/SiC
bl
[3] ~90 wx ~275 3 15% bl 8 6.4 Al 1050/Al,04
[3] ~85 wx ~245 3 15% e 3,5 8 6.4 Al 1050/Al,04

J 92818 5)9Ud 9 pgle Ay yuis

[}

286


www.sid.ir

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

e ablite rezw o5 ol o leel (1S lE L -2
58 o3l gl sl Gl atngn by 550y (S,
ol g5 crl ol mlBl by eos i ol lagsly
A oy 595 4 piie Wb LL e (e, jlade Lzél

Wil 2.5 aldgl sons il (saiged 4 s

Gl L a8 ols Gl eSS 1S 93l 5 Lol mbs -3
Ol a8 pliial bl ez 0,5 anld sl
3 Solite 5 b (Jy atwgy Ojgon plovinl Gl ki
Sl ul o &5 (Siped b saslie ke slasl
odal Cowddy it plouinl ol edmlive (g i Ll F
Ly 2l 388 922 <o g Shb b g adsl masle sl

Db oo adsl

S om U5 emlaeieddl Cujensls sl Job obsjl Jaie -4
J..J/_a sl b QMJ)B] L ‘A.:J3| @5.).;[.‘.) Lg‘/,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,


www.sid.ir

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


www.sid.ir

