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1. Introduction

Recent discoverys of unique propeties of bulk nanostructural materials (BNM) (unusud
mechanisms of deformation, anomdli es of condudivity, magnetic and opticd propeties) have given
an impad to new scientific diredion related to nanotechnology. At present time, two general
approades to the development of BNM are conddered. Thefirst approad, the so-cdled «botom-
up approad», involves compadion of the nano-size powders (ultra disperse powders can be
obtained by gas condensation in theinertial atmosphere or by plasma-chemicd method, agosol and
chemicd synthesis, and also by grinding of powdersin a spheaicd mill, etc.). The second methodis
the intendve plastic deformation lealing to the grain refining that provides a unique mechanicd
behavior of bulk nanogructural materials. Physicd propeties of BNM are defined by the length and
intengty of the grain boundaies, which for the grain sizes of about 10-100 nm contain 10-50% of
atoms of the materia. Hence the transtion to bulk nanoaystlaline state is charaderized by
pronounce scding effeds theincreasingy growingrole of grain boundry defedsisthecrudal for
the explanation of uniquepropeties of BNM.

An effedive methodfor studying material propeaties unde trandtion to nanoaystali ne state
is theandysis of energy absorption mechanisms, which by andogy with phase transtionscan lead
to quditative changes in materials with fine-grain structure related to the spedfic interadion
between the grain bounday defeds. This work is concened with investigation of the energy
absorption processin coarse grain and fine grain titanium under plastic loading. It has been found
tha BNM exhibit energy disdpation anomaly, which can betreded as a result of spedfic structural
evolution in this material.

2. Material and experimental conditions

The samples of titanium Grade 2 in submicrocrystalline state were manufacured by the
method of intensve plastic deformation [1] and had the grain size of about 150 nanoneters. The
mechanicd propeties of titanium Grade 2 in polycrystaline and submicrocrystalline state are
presented in Table 1. The quasistatic tendon was caried outusng Zwick 100testing machine The
temperature field was recorded with theinfra-red camera CEDIP Jade 111. Senstivity of the camera
is highe than 25 mK at 300°K, a spedral range is 3-5 microns and the maximal size of theframeis
320x240 paits.

Typeof treament tendle strength,cs, yield gresg ultimate
yp (M PA)g © G0.2, (M Pa) elonm“on, (5,%)
440 370 38

Initial coarse grain date (grain 9ze 25um)

IPD + hotrolling (grain 9ze 0.3um) 1090+ 20 980+ 20 13+1
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3. Experimental results

Figure 2 presents the results of experiments. The nanotitanium shows high increasing of
mechanicd propeties. The yield stress incresses in 2.6 times. The de€formation process of
nanotitanium is charaderized by long softening and long eastic pat. The initid stage of
nanotitamiun deformation is acompanied by pronounce termo-elastistic effed. This fad proves
tha the deformation is “pure” elastic and material defeds don't initiate and move The secmnd part
of temperature-time curve is more sharp. This fad allows usto condudetha defed evolution unde
plastic deformation of nanotitamiun is more intensve then in coarse grain titanium. But, relative
energy storage rate in nanotitanium is highea than in coarse grain spedmen. The deformation
locdization in nanotitanuim is more pronourced then in coase grain one A fradure of
nanotitanium has brittle charader and emergenceat 15 percent of elonggtion. The find elongation
of coarse grain titanium was 25 pecent.
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Fig. 1. Thedressstrain curve (a) for coarse grain and nanotitanium. Temperature evolution ()
during the experiments for coarse grain and nanotitanium

The pealliarities of defed evolution can be investigated by cdculation of energy bdance in
materials unde deformation process The procedure of energy baance estimation was presented in
[2]. The spedmen nedking and strain rate fluctuaion don't allow usto exadly cdculate the energy
expendad for spedmen deformation. The curve can be andyzed on hardening pat only. The
condusion can be formulated as follow. The nanotitanium storages more energy tha coarse grain
one Theevolutionsof energy storage in boh titanium are smilar.
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