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Radiation Growth in Amorphous Alloys 
under Heavy Ion Irradiation

Non Irradiated 
area

Irradiated area

Amorphous alloy irradiated by Xe ions with 
the energy E = 1,34 MeV/n

1 - h = 2 mkm,

2 - h = 4,5 mkm,

3 - h = 7 mkm,

4 - h = 8,1 mkm
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Main peculiarities of radiation growth in 
amorphous alloys under heavy ion irradiation
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Viscoelastic isotropic media for description 
of radiation growth of amorphous alloys

ICTP/IAEA Workshop, 12-23.04.2010, Trieste, Italy



5

0

0

0,t t
T T
= =

=

,

,
1

ep

T i

T
irr

t

T
d
dt

τ

σ α
ε σ

η

≤

∝ ∇

≈

24 ,

,

0

T
ep

e

Rt

Const

divu

τ
χ

ρ

≤ =

=

=

Mechanisms of anisotropic radiation growth of amorphous 
alloys under heavy ion irradiation

,c

irr

t t
η η
≥
=

Heavy 
ion



6

1.“Hot” stage of material atoms near track 
area

24 /C T it Rτ χ≤ =
RT r

hη η=
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2.“Cold” stage of material atoms near 
track area
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3. Irradiation Growth Rate of Amorphous Allows
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A.I.Ryazanov, A.E.Volkov, S.Klaumunzer, Phys.Rev.B,51 (1995) 12107
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Experimental (*) and theoretical dependencies (-) of 
the deformation rate of versus irradiation 

temperature. (Amax = 5.5x10E-15 cm2 for Pd80Si20)
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Experimental (*) and theoretical dependencies (-) of the irradiation 
growth rate of Pd80Si20 normalized to the total displacement 
cross-section <P> as a function of electron energy loss <Se>
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Correlation between experimental and theoretical 
values of the normalized strain rate
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H.Trinkaus, A.I.Ryazanov, 
Phys.Rev.Lett.(1995)
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Experimental data for incubation dose for radiation 
growth of Fe85B15 as a function of electronic loss

A.A.Audouard (1993)
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0TΔ - the maximum temperature increase in track area

στ

Incubation dose for radiation growth of amorphous alloys
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Viscosity behavior under irradiation

B2O3 –glass fiber

A.Burbu et.al.(1989)
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Viscosity behavior under heavy ion irradiation
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Radiation-induced viscosity as a function of 
deposited energy by elastic collisions
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Radiation- enhanced viscous flow of 
irradiated amorphous alloys
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Temperature dependence of viscosity of amorphous alloys

• temperature of atoms in amorphous alloys (Tirr)

• flow radiation defects (      ),  

• new low activation energy (G) 

(Pd77.5 Cu5 Si16.5  after cold- rolling)

G0 = 2.0 eV Ge = 0.4 eV (S.S.Tsao, F.Spapen(1985))
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Dependence of electrical resistance of Fe85B15

from electronic losses of heavy ions

Tirr = 90 K
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Evolution of damage production efficiency in Fe as a 
function of deposited energy in electronic excitation

A. Dunlop et.al.(1989)
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Dependence of the incubation fluence (Фс) on an 
electronic stopping power (Se). The curve shows a fit 
to experimental data on the basis of developed theory.
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A.I.Ryazanov, H.Trinkaus, A.E.Volkov , Phys.Rev.Lett.v.84 (2000) 919
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Dependence of the incubation fluence (Фс) and the relative 
electrical resistance change at the beginning of an irradiation 
( D = σfφ) on an electronic stopping power (Se). The curve shows 
a fit to experimental data on the basis of developed theory.
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A.I.Ryazanov, H.Trinkaus, A.E.Volkov , Phys.Rev.Lett.v.84 (2000) 919
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Conclusion

• The theoretical model of incubation dose for radiation     
growth of amorphous alloys is based on the viscoelastic  
behavior of these and drastic viscosity decrease after 
heavy ion irradiation.

• The developed theoretical model takes into account the 
effect of  atomic displacements, ion temperature gradients 
arising due to interaction of an exited electronic 
subsystem with the ionic one.

• Incubation dose will disappear at sufficiently high 
electronic stopping power (Se) 
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