
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 166.104.65.171

This content was downloaded on 07/11/2016 at 04:43

Please note that terms and conditions apply.

You may also be interested in:

Template Synthesis and Magnetic Behavior of FeNi Alloy Nanotube Arrays

Dong Zhou, Li-heng Cai, Fu-shen Wen et al.

The distribution of hyperfine fields in two alloys of iron as a function of temperature and

pressure

P C Riedi

Nuclear magnetic resonance in iron-rich FeCo and FeNi alloys

G V H Wilson

Ordered Structure in Alloy Grains of Iron-Nickel Produced by the Gas Evaporation Technique

Chihiro Kaito, Yoshio Saito and Kazuo Fujita

On the present understanding of the bulk modulus anomaly of Invar alloys in the itinerant electron

model of ferromagnetism

G Hausch

Magnetization curve modelling of soft magnetic alloys

I Mészáros

Grain boundary character distribution of CuNiSi and FeNi alloys processed by severe plastic

deformation

View the table of contents for this issue, or go to the journal homepage for more

2015 IOP Conf. Ser.: Mater. Sci. Eng. 82 012076

(http://iopscience.iop.org/1757-899X/82/1/012076)

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/article/10.1088/1674-0068/20/06/821-825
http://iopscience.iop.org/article/10.1088/0305-4608/8/9/004
http://iopscience.iop.org/article/10.1088/0305-4608/8/9/004
http://iopscience.iop.org/article/10.1088/0370-1328/84/5/306
http://iopscience.iop.org/article/10.1143/JJAP.28.L694
http://iopscience.iop.org/article/10.1088/0305-4608/7/5/003
http://iopscience.iop.org/article/10.1088/0305-4608/7/5/003
http://iopscience.iop.org/article/10.1088/1742-6596/268/1/012020
http://iopscience.iop.org/1757-899X/82/1
http://iopscience.iop.org/1757-899X
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


Grain boundary character distribution of CuNiSi and FeNi alloys 
processed by severe plastic deformation 
 
 H Azzeddine 1, T Baudin 2, AL Helbert 2, F Brisset 2, F Hadj Larbi 1, K Tirsatine 1,  
 M Kawasaki 3,4, D Bradai 1 and TG Langdon 4,5 

 
 1 Faculté de Physique, USTHB, BP 32 El-Alia, Dar El Beida, Alger, Algérie 

2 Université de Paris-Sud, ICMMO, UMR CNRS 8182, Bâtiment 410, 91405 Orsay Cedex,  
  France 

 3 Division of Materials Science and Engineering, Hanyang University, Seoul 133-791, South  
   Korea 
 4 Departments of Aerospace & Mechanical Engineering and Materials Science, University of  
   Southern California, Los Angeles, CA 90089-1453, USA 
 5 Materials Research Group, Faculty of Engineering and the Environment, University of  
    Southampton, Southampton SO17 1BJ, U.K.  
   E-mail: azehibou@yahoo.fr 
 
 Abstract. In this work the Grain Boundary Character Distribution (GBCD) in general and the relative 

proportion of low-Σ CSL (Coincidence Site Lattice) grain boundaries are determined through EBSD in 
Cu-2.5Ni-0.6Si (wt.%) and Fe-36Ni (wt.%) alloys after processing by high-pressure torsion, equal-
channel angular pressing and accumulative roll bonding.  

 
 
Introduction 
The processing of ultra-fined grains and/or nanostructured materials by the top-down approach of 
severe plastic deformation (SPD) has developed significantly during the last two decades. A 
considerable volume of current information on Bulk Nanostructured Materials (BNMs) has been 
reviewed recently [1]. It includes all aspects of mechanical, magnetic and physical properties of BNMs 
after SPD processing. However, the nature and geometry of the grain boundaries evolution has been 
seldom studied whereas the grain boundary characteristic is critical to control different bulk properties 
of a polycrystalline material. 
In the present work, the grain boundary character distribution (GBCD) in general and the relative 
proportion of special boundaries, defined within the Coincidence Site Lattice (CSL) classification, are 
determined through Electron Backscatter diffraction (EBSD) in Cu2.5-Ni0.6-Si (wt.%) and Fe-36Ni 
(wt.%) alloys after SPD by high-pressure torsion (HPT) [2], equal-channel angular pressing (ECAP) 
[3] and accumulative roll bonding (ARB) [4]. 
 
Experimental 
The materials used in this investigation were Cu-2.5Ni-0.6Si (wt.%) and Fe-36Ni (wt.%) alloys. The 
billets of Cu-2.5%Ni-0.6%Si were processed by ECAP at 150 °C for N = 2, 8 and 12 passes via route 
A with a die-angle of 135°. Disks of the same alloy were processed via HPT under 6.0 GPa for 1/2, 5 
and 10 revolutions at room temperature. The ARB process was carried out for Fe-36%Ni sheet alloy to 
2, 4, 6, 8 and 10 cycles at 550 °C without lubricant. The detailed sample preparations and the 
processing histories of the SPD processing are reported elsewhere [5, 6]. 
EBSD was used to determine the GBCD and the microtexture via calculated orientation distribution 
functions (ODFs). The experimental data were obtained using a scanning electron microscope FEG-
SEM SUPRA 55 VP operating at 25 kV with a TSL orientation imaging system, OIMTM software and 
a cut-off angle of 1° for the minimum boundary misorientation. The grain boundaries were classified 
into three categories based on the misorientation between the neighboring grains. They are low-angle 
boundaries (LAGBs) with misorientation between 5° ≤ θ ≤ 15°, special boundaries (CSL) Σ3 to 25 and 
high-angle boundaries (HAGBs) with a misorientation angle of θ >15°. A boundary is usually 
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classified as belonging to a certain Σ value, if the deviation from an exact CSL misorientation is 
specified by the Brandon criterion [7]. 
 
Results and Discussion 
Fig.1 shows the number fractions of CSL boundaries of as-received samples for (a) Cu-2.5%Ni-
0.6%Si alloy and (b) Fe-36%Ni alloy, respectively. It is clear that the fractions of Σ3 and Σ9 type twin 
boundaries are dominant for both as-received alloys. The Σ3 boundary is known as the coherent 
annealing twin boundary that is characterized by a 60° rotation around the <111> axis. It is generally 
understood that thermomechanical treatments on f.c.c metals and alloys with low to medium stacking 
fault energies (γSFE) leads to microstructures with high fractions of Σ3n type boundaries [8]. The 
texture intensity is low in Cu-2.5%Ni-0.6%Si alloy and there is a β type texture classically observed in 
f.c.c. alloys after rolling. The as-received Fe-36%Ni alloy shows the typical texture of annealed f.c.c 
material sheets. The dominant components are the Cube {001}<100> component.  
 

 
Fig.1: Number fraction of CSL boundaries of as received samples: a) Cu-2.5%Ni-0.6%Si alloy and b) 
Fe-36%Ni alloy.   
 
Fig.2 shows the GBCD after (a) ECAP and (b) HPT on the Cu-2.5%Ni-0.6%Si alloy and (c) ARB on 
the Fe-36%Ni alloy. It is apparent that the fraction of HAGBs increase and LAGBs decrease with 
increasing processing numbers for all deformation processing. In the initial stage of deformation, a 
lamellar boundary structure is formed having a large fraction of LAGBs and with increasing strain the 
boundaries transform to HAGBs [9] with refining microstructure leading to an equi-axed grains 
structure [6,10].  
 

 
Fig.2: Grain boundary character distribution after a) ECAP, b) HPT (Cu-2.5%Ni-0.6%Si alloy) and c) 
ARB (Fe-36%Ni alloy) processing. 
  
It is clearly seen that the HAGB frequency increases up to 4 cycles and then slightly decreases after 6 
cycles of ARB processing. Similarly, a saturation of HAGBs is depicted after 0.5 turn of HPT, and 
after 8 passes of ECAP.  The saturation in the microstructural refinement and the grain boundary 
evolution was reported earlier in metallic material after severe plastic deformation [11]. It is worth 
noting that ECAP generates a highest fraction of LABs while HPT process leads to the highest fraction 
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of HAGBs, including the fraction of CSL boundaries. The Σ3 boundaries fraction decreases initially 
and then increases after reasonably high processing numbers of ECAP and HPT processing, while 
after ARB processing it increases continuously with increasing numbers of cycle. Moreover, high 
fractions of Σ3 are observed in all processing, thereby suggesting active formation of twinning during 
SPD even at room temperature [12]. Nevertheless, there is a reasonable difference in the GBCD 
between the SPD processes. These differences are attributed to the alloys composition and 
deformation conditions. The stacking fault energy (γSFE) is expected to have a considerable effect on 
the fraction of Σ 3n boundaries. 
 

 
Fig.3: Number fraction of CSL boundaries after: a) ECAP, b) HPT and c) ARB processing. 
 
Fig.3 shows the number fraction of CSL boundaries after (a) ECAP and (b) HPT on the Cu-2.5%Ni-
0.6%Si alloy and (c) ARB on the Fe-36%Ni alloy. The sample deformed by ECAP shows an increase 
and saturation at Σ 7, Σ 11 Σ 13b and Σ 21a boundaries after only 2 passes. A continuous increase of 
Σ9 fraction is observed while that of Σ 17b decreases then saturates. HPT processing leads to an 
increase and stabilisation of Σ 7, Σ 17b and Σ 21a fractions. However, Σ 11, Σ 9 and Σ 13b show a 
continuous increasing as strain increases. The sample deformed by ARB displays a slight difference 
from ECAP and HPT. In practice, there is a transition in CSL boundary evolution after 6 cycles of 
ARB and only a net increase of Σ 3, 7, 9, 13b and 17b is observed after 6 cycles. The increase in the 
fractions of special boundaries may be caused by dynamic recovery.  
The evolution of the texture after SPD is presented as {111} pole figures for each processing condition 
in Fig.3. The textures are generally not sharp in the initial stage of deformation whereas ARB leads to 
the formation of α-fiber. After 6 cycles of ARB in Fig. 3(c), the Goss component disappears and the S 
component is more visible. The fraction of Brass component decreases, while the intensity of Copper 
increases considerably leading to the formation of β-fiber. The texture after 6 cycles of ARB may be 
characterized by a transition of the formation of α-fiber to β-fiber.  
All three components of shear texture revealed earlier [13], namely C component {001} <110>, A-
fiber {111} <uvw > and B-fiber {hkl} <110>, are observed after ECAP and HPT processing of the 
Cu-2.5%Ni-0.6%Si alloy. There were no changes in the type of texture components after ECAP and 
HPT processing compared to ARB Fe-36%Ni alloy. The intensity of both fibers increases with 
increasing strain and the intensities of the B-fibre are higher than A-fibre for both deformations. It is 
worth noting that the HPT texture is sharper than after ECAP and this is probably because of the 
degree of imposed strain through processing. Moreover, it is suggested that the GBCD of several 
alloys depends strongly on grain size. Thus, the fraction of coincidence boundaries with Σ values 
lower than Σ 29 increases with decreasing average grain sizes. In practice, the Σ value is known to be 
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closely related to the common rotation axis of adjacent grains crossing the boundary and it is reported 
that the Σ value of the coincidence boundary depends on the {100} or {111} fibre texture [14].  
 
Conclusions 
The fraction of HAGBs increases as further continuing plastic deformation by the three SPD processes 
of ECAP, HPT and ARB. A saturation of HAGBs is obtained after 0.5 turn of HPT, 8 passes of ECAP 
and 4 cycles of ARB. ECAP processing generates the highest fraction of LABGs while HPT 
processing leads to the highest fraction of HAGBs. High fractions of Σ3 are observed in all processing. 
Most of the special boundaries where the fraction increases upon increasing strain are related to 
rotations around <111> and <110> axes (Σ 3, Σ 7, Σ 11, Σ 13, Σ 17 and Σ 21). 
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