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Determination of Recrystallization Activation Energy in Nanotwinned Copper
Niu, R. (MagLab) and Han, K. (MagLab) 
Introduction 
       Nanotwinned (NT) materials have been the subject of intensive study for years because of their high strength and conductivity 1[]
. This kind of material is a potential conductor for high field magnets
Thermal stability often limits nanostructured material applications. Therefore, an investigation was conducted on recrystallization activation energy in NT Cu.
Experimental 

High purity Cu foils (50×10×0.1~0.2 mm3 ) with high density of twin boundaries were synthesized. Hardness was done on a Tukon 2100 microhardness tester. Thermal stability was analyzed by hardness evolution.  
Results and Discussion

       Recrystallization in NT Cu is described as follows: [image: image2.png]HV, — HV,)/(HV, — HV,,,,)




,where Xf is the transformed volume fraction after a time t, HV0 is the hardness of as-deposited NT Cu, Ht is the hardness of annealed NT Cu at time t, and Hann is the hardness of fully recrystallized NT Cu. Fig. 1(a) depicted the kinetic evolution of hardness in as-deposited NT Cu obtained after isothermal recrystallization treatments carried out at 160°C, 210°C, 230°C, and 290°C. The recrystallization activation energy was estimated from the Avrami equation ( [image: image4.png]


), JMAK model ([image: image6.png]In(k) = In(k,;) — E,../(RT)



), and Arrhenius model ([image: image8.png]In(k) = In(k,;) — E,../(RT)



),where n is the JMAK exponent; k a rate constant; k0i an effective frequency factor; Erx the apparent activation energy (kJ/mol) for recrystallization. n and k values can be derived from the slope and intercept of a ln (-ln (1-Xf)) versus ln t plot. Data points indicating the recrystallization stage in Fig. 1(a) were replotted in Fig. 1(b). The slope of a linear fit of ln (k) versus 1/T yields Erx/R in Fig. 1(c). The value of apparent activation energy Erx was about 136±3 kJ/mol for recrystallization2[]
.
Conclusions

The recrystallization activation energy of NT Cu is 136±3 kJ/mol, which is dictated by four factors: 1) the presence of TJs, 2) the concentration of vacancies, 3) the concentration of impurities, and 4) the density of HABs. 
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 Fig.1 (a) Restoration fraction vs. annealing time at different temperature (T) in as-deposited NT Cu2[]
. (b) Logarithmic plot of ln (-ln(1-Xf)) vs. annealing time t during recrystallization. (c) Recrystallization activation energy plot of ln k versus the reciprocal temperatures.
