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Atomic level simulation 
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Outline  

•  Motivation: qualification of copper products 

•  Effects of impurities in copper  

•  Silver impurities in  nanowires 

 - mono-crystal 

 - poli-crystal 

•  Conclusions 
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Chemical qualification:  Cathode 
Grade A standard 



From  cathodes  to wires 

 

…qualification of the Cathodes (from Chile) is done form 
mechanical test performed on wire...(abroad)  

Dpto. Física, Fac. Ciencias, U. Chile/Gonzalo Gutiérrez 



Dpto. Física, Fac. Ciencias, U. Chile/Gonzalo Gutiérrez 



Goals 
•  To study the chemical and mechanical properties from 

anode-cathode-wire: complete traceability. 
•  To determine the effect of impurities on the mechanical 

properties ant the recristalization process 
•  To demonstrate the microestructural, chemical and 

mechanical discontinuity between cathodes and wires 

To propose a mechanical qualification protocol 
for chilean copper products 



Ductility of copper in terms of precipitates 
and impurities 

 W. M. Baldwin, B.I. Edelson – The effect of second phases on the 
mechanical properties of alloys. – 
 Transactions, American Society for Metals 55:230 – 250, 1962.  

Hondros and McLean 
Phil Mag 1974  

Bi 

Cu become brittle with Bi 
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*Fuente: Base de datos confidencial. 
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Previous work 

*Fuente: R. González, P. Hidalgo - Estudio de propiedades mecánicas de cátodos y alambrones de cobre – U. 
de Chile 2006.  



Can theory and 
simulation contribute to 

solve the problem? 
YES, we can! 
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Nature Materials, Sep.2004 

“We find that the copper atoms that surround 
 the segregated bismuth in the grain boundary  
become embrittled by taking on a more 
 zinc- like electronic structure”.  
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Mechanical propert ies by computer 
simulation: tensile test 



Monocrystal copper nanowires with 
silver impurities 
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 with Nicolás Amigo 
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Technical details 
 
•  Molecular dynamics simulation 
•  Embedded atom interatomic potential, 

Williams y Mishin (2006). 
•  T=0.1 K, NVT 
•  Deformation rate: 108 s-1  
•  Surface impurities: 0.1% a 0.5%  
•  Approx 10 000 atoms 
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Testing the potential with the elastic constants 

Constants Literature [Gpa] Simulation[Gpa] 
C11 176.2 171.0 
C12 125.0 126.3 
C44 82.0 79.9 
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(Elastic properties of the bcc structure of Bismuth at high pressure,, 
 G. Gutiérrez, E. Menéndez-Proupin, and A. K. Singh, 
Journal of Applied Physics 99, 103504 (2006) )  



Stress-strain curve 
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Dislocations begin at the surface 
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Surface stress because  
impurities 



Emission of  dislocations 
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0.2 %Ag 



Next dislocation 
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 0.5%Ag case 
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Stacking fault energy 
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 Unstable and stable staking fault energy in 
direction <112> 
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Conclusions I 

•  Impurities:  
 - no changes in the elastic regime 
 - yield point decreases 
 -  promotion of dislocation emissions  
  

Stacking faults energy calculations 
support this picture 
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Impurities in poly-cristalline copper 
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600 thousands atoms 
40 grains 

430 A 

126 A 
Diameter grains 
distribution 
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Technical details 
-Ag: substitutional at  
Grains boundaries 
-thermalization: 
Langevin at 1000 K, 10 ps; 
NVT 1000K, 100 ps; 
Langevin at 300K, 10 ps; 
NVT at 300 K 200 ps; 
-  During this process, several  
Stacking faults are generated. 
 
Deformation rate: 5x108 s-1 



Stress-strain curve 
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 Young modules and other value  
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No significant changes! 



Mechanism of plasticity:  
rotation and sliding of grains 
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Dislocations at  grains I 
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Dislocations at grains II 
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Conclusions II 

•  Impurities do not provoke significant changes 
for elastic nor plastic regime 

•  Plasticity is governed by grains rotation and 
sliding as well as by dislocations 

•  More study is needed to clarify the role of 
texture and grain size 

•  Nevertheless, is clear that there is no great 
changes in the mechanical properties, in 
good agreement with experiments. 
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¡Thank you! 
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