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Abstract 

The internal friction Q-l and resonant frequency f were measured on ultrafine-grained Au specimens prepared 
by the gas deposition method over the temperature range from 80 to 830 K using a vibrating reed technique 
(at about 16 Hz). The grain size of the specimens was about 30 nm. The modulus defect AM/M= A(f)/' showed 
pronounced recovery during annealing at 450-810 K. This recovery can possibly be ascribed to the annealing of 
lattice dislocations. At higher temperatures three Q-’ peaks at around 460, 5.50 and 750 K were observed. From 
the behaviours during annealing it is shown that the 460 K peak can tentatively be ascribed to the motion of 
dislocations with many irregularities, including jogs, and the other two peaks are the ordinary grain boundary 
peaks. At lower temperatures two Q-r peaks were observed and their possible origins are discussed. 

1. Introduction 

Ultrafine-grained polycrystalline materials attract 

much interest because of their unusual physical and 

mechanical properties [l, 21. In particular, nanocrys- 
talline materials in which the crystal size D is less than 
about 10 nm and about 20%-50% of the atoms are 
in intercrystalline regions are expected to show prop- 
erties different from both amorphous and ordinary 
crystalline materials [l]. Therefore their anelastic prop- 
erties are of great interest. The first complete exper- 
imental work on the anelasticity of nanocrystalline 
materials was reported by Weller et al. [3]. They used 
nanocrystalline Pd specimens (D-7 nm) prepared by 
inert gas condensation of ultrafine Pd particles with 
subsequent compaction under a pressure of 2 GPa at 
room temperature (RT). During the first warm-up of 
an as-prepared specimen they observed a pronounced 
recovery of elastic modulus centred at around 400 K 
which was accompanied by a transient internal friction 
Q’ peak and a subsequent gradual recovery up to 
640 K. The amount of recovery in modulus defect AiV/ 
M was about 10% in total. They attributed this modulus 
recovery at around 400 K to an increase in the modulus 
of grain boundaries Mi associated with interatomic 
rearrangements in the metastable interfacial structure. 
From the boundary thickness d = 1 nm and the relative 
volume of boundaries ~i/Vo = 3d/D = 40%, Mi in the as- 

prepared specimen was estimated to be about 0.6 M,, 
where MO is the modulus of crystals. 

Recently Akhmadeev et al. [4] measured Q-’ and 
AIt4/jV of Cu specimens in the frequency range from 
10 Hz to 5 MHz which were heavily deformed at RT 
by a simple shear using the equichannel angular pressing 
method with a resulting grain size D=200 nm. They 
have also observed at around 400 K a stepwise recovery 
in AMIM of about 10% which was accompanied by a 
transient Q-l peak. Since the contribution of low Mi 
to AM/M is negligible in this case (VJV, = 1.5%), they 
ascribed this recovery to an annihilation of unknown 
defects in the non-equilibrium boundaries. The inter- 
facial structures may differ for specimens prepared by 
different methods, but positron lifetime measurements 
suggest that specimens prepared by the above two 
methods exhibit a similar structure of the free volumes 
in the interfaces [5]. Thus the above two interpretations 
appear to be somewhat contradictory. 

Further, recent studies using electron microscopy [6, 
71 and X-ray diffraction [S, 93 indicated that the boundary 
structure of nanocrystalline Pd is essentially the same 
as that of coarse-grained Pd, so that the presence of 
ultrafine porosity rather than highly disordered inter- 
facial structures must give the unique character to 
nanocrystals [6, 81. In the present work Q-l and AM/ 
M were measured on ultrafine-grained Au (UFG-Au) 
prepared by the gas deposition method in order to 
contribute to clarifying the nanocrystalline structure. 
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