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Fracto-emission from deuterated titanium: Supporting 
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Measurements of the emission of charged particles, photons, and radio frequency 
signals accompanying the deformation and fracture of polycrystalline Ti metal and 
deuterated Ti are described . Preliminary evidence for charge separation created by crack 
propagation is presented which supports a proposed fracture mechanism to explain 
neutron bursts observed during treatment of deuterated metals. 

I. INTRODUCTION 

The reported observations of fusion accompanying 
electrochemical loading of deuterium into Pd and Ti by 
Fleischmann and Pons 1 and by Jones et al. Z stimulated 
experiments involving the detection of neutrons during 
treatment of both gas loaded and electrochemically 
loaded specimens of these metals. Scaramuzzi et al. 3 and 
Menlove et al. 4 showed that heating and/or cooling 
metal specimens exposed to high press ure D z frequently 
resulted in statistically significant bursts of neutrons. 
We,5 Cohen and Davies,6 Mayer et al.,7 Furth,B and Segre 
et al. 9 have independently proposed a mechanism lead
ing to a D + D fusion reaction involving crack propa
gation in the embrittled material. A schematic of the 
model is shown in Fig. 1. We suggest that crack growth 
results in charge separation on the newly formed crack 
surfaces, which act like a miniature "linear accelerator;" 
i.e., D + ions are accelerated in the electric field across 
the crack tip to kinetic energies of 10-104 eV or more, 
sufficient to raise significantly the D + D fusion prob
ability. An important requirement of this model is that 
during fracture and because of fracture, D + exists as a 
free ion in the volume of the crack. We refer to this 
proposed fracture-induced fusion mechanism as fracto
fusion. It should be noted that Deryagin et al. have pub
lished the observation of neutron bursts accompanying 
impact loading of LiD and described a similar crack 
acceleration model. 10, 11 

In previous work on particle emission accompanying 
fracture (so-ca lied fracto-emission) we have observed 
that a number of materials (see Refs . 12-19) exhibit 
intense charged particle and photon emission as weil 
as bursts of radio frequency signals upon fracture , indi
cating charge separation across the crack (i.e. , separat
ing charge patches are equivalent to rapid current 
variations), sometimes accompanied by small but con
sistent microdischarges wh ich produce broad band, far 
field electromagnetic radiation. Strong charge separation 

J. Mater. ' Res. , Val. 5, No. 1, Jan 1990 

effects are most often observed in piezo- or ferro-electric 
materials, layered structures, and in adhesively bonded 
interfaces where bond breaking occurs in astate of high 
polarization. Examples of each are fracture of si ngle 
crystal quartz, electrically polarized lead zirconate ti
tanate, mica, and polymer-metal interfaces. All of these 
materials produce intense fracto-emission and easily 
detected radio frequency emission . Note that all of these 
systems involve components that are good insulators so 
that separated charge is not readily neutralized on 
timescales of at least several microseconds (duration of 
fracture) . In addition to emission during fracture, these 
materials exhibit sustained emission, sometimes for as 
long as 2 h following fracture, due to excitations result
ing from charged particle bombardment of the insulating 
fracture surfaces . Very similar "tails" in the emission 
can be generated by bombarding insulator surfaces with 
energetic electrons. 19 This process is analogous to the 
thermally stimulated luminescence and electron emission 
observed following exposure of insulators to radiation .zo 

In the case of metals, we have observed that poly
crystalline A I, when freed of surface oxide and fractured 
in ultrahigh vacuum, yields little or no emission.21

,22 AI
though metallic bonds are being broken and stochastic 
distributions of charge on the fracture surfaces are pos
sible, high conductivity should result in decay times on 
the order of 10- 14 s, making charge acceleration in the 
crack unlikely. Mayer has suggested that longer decay 
times might result from crack geometry.7 Perhaps more 
importantly, impurity segregation and the existence of 
inclusions in commercial metals and alloys may result 
in interfaces and insulating surface layers that simulta
neously induce strong charge separation and inhibit 
reneutralization at separating fracture surfaces for con
siderably Ion ger times. Because of the current interest in 
these effects, we feIt it appropriate to make a prelimi
nary study of the fracto-emission from deuterated Ti. In 
this paper, we present measurements of negative and 
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