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Experimental investigation of fracture surfaces and mechanical properties of
AA1050 aluminum produced by accumulative roll bonding process
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Accumulative roll bonding is new method of severe plastic deformation that in the last decade, utilized
Received 22 July 2016 to produce many materials. In present study, investigated mechanical properties and fracture mode of
Accepted 10 September 2016 microstructure and multi-layered Al-Al fabricated during accumulative roll bonding process.

Available Online 15 October 2016 Accumulative roll bonding process applied without using lubricant, in the ambient temperature repeated

in seven cycle continuously and without heat treatment between cycles of process that the value of

Keywords:

ARB reduction thickness is 50% in each cycle. The evaluation of mechanical properties and fracture mode

1050 aluminum sheet performed by uniaxial tensile test, micro hardness and scanning electron microscope (SEM) and reveled

mechanical properties that by increasing number of ARB cycles, micro hardness and tensile strength increased that increasing

2’2'0\;”’9 mode rate at initial cycles more than last cycles. Also elongation after first cycle decreased and then increased.
The variation for mechanical properties during ARB due to governing cold work and high strain
hardening at initial cycles and improve microstructural and grain refinement at last cycles. Maximum
value of tensile strength and micro hardness achieved in last cycle (seventh cycle) that compared with
primary annealed sheet 241.4 and 106% increased, respectively. Also results of SEM demonstrated that
by rising the number of ARB cycles, viewed dimples with shallower and smaller than the initial sample
and changed fracture mechanism from ductile to shear ductile.
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* Super metal

2 Top-down procedure

® Bottom-up procedure

* Sever Plastic Deformation (SPD)
® High Pressure Torsion

® Equal Chanel Angular Pressing
 Accumulative Roll Bonding
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Table 1 Specifications of commercial purity aluminum

Beos Slge Sl ol g pliord oS 51 Jguo

Material Chemical composition (wt. %) Sheet dimensions (1, w, t) Hardness Elongation Yield Strength (MPa)
(mm) (HVN) (%)
Al 1050_Anealed 99.44 Al, 0. 406 Fe, 0.121 Si, 0.033 Cu 100, 70, 1 25 35 39
1.cutting
Al1050 A11050
4.Roll Bonding 2.surface Preparation
vay¢
.).':
4.Roll Direction:
3.Staking

Fig.1 Schematic illustration of ARB process
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Fig. 2 fracture of sample after uniaxial tensile test
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SEMHV:30.00KV  WD:6.2218 mm
SEMMAG: 100k  Det SE
View field: 1445 pm  PC: 12

20 pm
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Performance in hanospace u

Fig. 3 Tensile fracture surfaces of initial sample

oGS ar gl oo ST (seiges sl py S 5 CnSls 0 ilSe
Ol o0 4D Djg0as S oo et oud (e 098 (S8geS Sl (S
Olis 095 5l 1y a5 CaSs )3 ladiges (e 8,95 a5l b cas
R W QT Godidlid 0uiS g Gaes slro,as aS Lpd 0
laydS QR L Tl 5 opdee 4SSy SR Dl
GosS shn JHES i (Jlosl (1355 Gl3H) (orem 0,95 9] 8
P4 e 3l CnSl pple ki 5l (Sl aS 005 e evmlin 0aiiS

SilSo plgs -2-3
Dyl g i GRS~ Sl loged iy 4 T 9 5 USAT o
poeiragllmpasiengll Y iz (638 saigas Jsb Sbojl 5 S el
oals ol adsl aigad 5 anl 08 GladSen ez 0ad (grad 350
3,9 dislyd Gl S Giuli8l LS el asrine loged o el ool
@ Yz ol LasS elss abiee ll siaS il (e
DI (S 05 B (S)lS 255 g ems S5 lajls ol (e
S wad S8 s Zod a5 SIS e oS plSoctl ol s
oy 4 ()5 (Lol g pae S 90 51 (AL Wl e S (o0 13
Oy wnlp sl e bl jo [25] wsl ladils udn; 5 b olrals
S il (25 Gl s s 4 sk obosl g plSotiul grazs
G555 Jlosl i (1551 (23U plrals B Gl Lol Jale
S il ol GladSew 0 el (nly wBlioe 0w I 5 0L
0,9 wal B ladSow RlPIL gon oS 5o ailoo CIB (aozs
Ol gl Sy S (6508 el 5 £ L (oS LSl (e
a8 sbioe Gl ol S QLG 5l G me Job Skl i 5w
ale Sy ol ol olse 51 e lS b alS 5 baals Lol
Py o5 5 Pl (33 45 S g e 4N b 4y g [16]

10 o plais 16 0,53 1395 (55« )0 Splo ks

X J,u] ngﬂ S é]a.a.o 6]4..: Kt
S grhaw g 9gd oo sboml Sl v o S a5 5 Ol a9 ,S
il e Blo JalS 55
poeiosllmpaipedll aVuiz 5y CeSs phis gl 4 S
(oS 8,5 Al sla S olaw ial3sl b aS 098 o 0dnliv .o2s o
Sl S jo a5 sl cools JI pusmen Wb oo SalS Y culxs
s 05 wnld Gl S Gl L osd oo sanlie iy gl
oalive 5 b (b 53 9 310 3929 Jl cnl plizes (Jg wboe RalS
3,9 anl ) sla S slaad (2ol331 b aS 048 o ednlie rizeed 048 oo
9 Oy Slisiod eluly alad 5 Sz6S 5 5 GeepS Sy (ore2S
W j5elS 15 5SS 5 3 acnS Glo ass S52 5 ond alxil Slamlive
PGS £oi AT oo lid oud el (g3 AVain sladiges o
Sl adgl sla 559 50 pr Consld A Ad (S £ () 5 el By
ol &S cwl i Dlas ojlil g Ges adsl sla sy yo a5 Sglay ol b
Cajeeels 5o Job bl g Fimb 9 (a8 el o YL
- Jeesd prglai 53 .[30,29] oo o ylis 1y adsl sl s g 4 Cand (sodgs
o )0 plpl Gla il o 4 1098 0 odalive S29S 5 see 2 sla
Slaalie ol a5 Wloas oariS S wix b S 0 baeers ohn Cug>
iddler e S goanled Jrers jo ites gy CuSs Sliogas
50 [31] el ot ool Cons Sdly JS8 i o] b 4 oS cudd S
b anslio 1o (oxo 9,55 B9y & porieslparieesll ond a5y slaaiged
S Gl b 0z se sl drars 5 Sl gl ook il saiged
Pl st ogdle sl (nl 45 Wigd oo JGes o 5 2SzsS Wl ol
oM Bes oS 9 SsS Sediee (Sl (ple 0 sk el St
OeZeed g co oS ol l38l (Job sbojl pals el Ol e

308


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.5.6
https://mme.modares.ac.ir/article-15-18-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-23 ]

[ DOR: 20.1001.1.10275940.1395.16.10.5.6 ]

wesbldy by 9 63LT aea ) 39l

o 395 3T 58 b 03ub 3ug5 1050 pgaineglT (Sile ol 9 camusih Zglow (255 ) 0

SEM HV. 30.00 kV WD 61744 mm
SEM MAG: 100 x Dot SE
Viewfleld 1 44 mm  PC. 12

2 3
SEM MV 30 00 kv WD: 7 0998 mm
SEMMAG: 100 x Det SE
View fleld: 1. 44 mm PC: 12

SEM HV: 30.00 kv WD: 59659 mm
SEM MAG: 100 x Det SE
View field: 1.44 mm PC: 12

SEM HV: 30.00 kV WO 6.0866 mm
SEM MAG: 1.00 kx Dot SE
View flold: 144 5 ym

VEGALTE SCA’:

Performance in nanospace n

VEGAN TESCAN SEM HV. 30.00 kV WD 65349 mm
{ SEMMAG: 1.00 kx

Performance in nznospazcn Viewfleld 144 5um PC: 12

3 ) V.
SEM HV: 30.00 kv WO: 58592 mm
SEM MAG: 1.00 kx Det SE
View field: 144 5 um

VEGANL TESCAN

Performance in nanospace n

VEGAN TESCAN

Performance in nanospace n

PC: 12

OA\TYE SCAN

Det SE
Performance in nanospace n

VEGAN TESCAN

Performance in nanospace n

PC: 12

Fig.4 Tensile fracture surfaces of Al/Al multi-layered: (a) and (b) after 3cycles, (c) and (d) after 5 cycle, (e) and (f) after 7 cycles
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Fig. 5 engineering stress—strain curves of initial sample and Al/Al multi-layered strips in the different ARB cycles
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Fig. 6 Variations of tensile, yield strength and elongation for initial sample and Al/Al multi-layered strips in the different ARB cycles
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Fig. 7 Micro hardness variations for initial sample and Al/Al multi-layered strips in the different ARB cycles.
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