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Argonne National Laboratory, Materials Science Division, 9700 South Cass 
Avenue, Argonne, IL 60439 

ABSTRACT 

Density changes in amorphous PdgoSi20 during ion irradiation below 100K 
were detected by in situ HVEM measurements of the changes in specimen 
length as a function of ion fluence. A decrease in mass density as a function of 
the ion fluence was observed. The saturation value of the change in mass 
density was determined to be approximately -1.2 %. 

INTRODUCTION 

The structure of metallic glasses can be described in terms of topological 
and chemical short-range order (TSRO and CSRO) which reflect the mass 
density and the local distribution of the alloying elements, respectively. On the 
atomic scale, TSRO can be described by the theory of free volume [1] while CSRO 
is given by the Warren-Cowley short-range order parameter [2]. 
Macroscopically, changes in the mass density, D, reflect mainly changes in 
TSRO [3]. 

Thermal treatment below the crystallization temperature of glassy 
PdgoSi20 causes structural relaxation which is accompanied by an increase in 
the mass density of about 0.5 % [4], by a decrease in the electrical resistance of 
about the same relative amount [4], and an increase in the viscosity by several 
orders of magnitude [5]. 

In contrast, low-temperature irradiation of PdgoSi2o with fast electrons, 
ions or neutrons results in saturation values of the electrical resistivity of up to 
5.3 % [6-8]. If one assumes that the proportional relation between changes in 
the resistance and in the free volume found during thermal annealing of as-
quenched material [9] is also valid for radiation-induced structural changes, 
one expects a decrease in the mass density of several per cent, and a huge 
decrease in the viscosity. 

In this contribution we report in-situ measurements of changes in mass 
density of glassy PdgoSi20 during low-temperature ion irradiation. The 
experiments have been performed at temperatures below 100 K to minimize 
thermal annealing during irradiation. 

EXPERIMENTAL 

Pieces of a glassy PdgoSi2o ribbon (30 urn x 0.8 mm) were thinned to 
thicknesses of (4 - 10) |im by cold-rolling or mechanical polishing. Some 
specimens received an additional heat treatment at 250°C for 1 h. Thinned 
pieces of about 0.5 mm x 2 mm were soldered between two copper washers 
having slots of 1 mm x 2 mm. A piece of a 400 mesh copper grid was 



simultaneously soldered between the washers so that the edge of the specimen 
and the end of the grid partly overlapped (see fig. 1). The irradiated part of the 
specimen was about 0.5 mm in length and 0.4 to 0.8 mm in width. During 
soldering the temperature of the soldering iron tip was kept below 162°C. This 
was checked by contacting a different test solder (melting temperature T m = 
162°C) to the tip. The test solder never melted. The specimens were mounted so 
that their length was aligned parallel to the tilt axis of the TEM specimen 
holder. 

Pig.l . Optical micrograph of a PdsoSi2o specimen and a 400 mesh grid 
soldered between two copper washers. 

Changes in specimen length were monitored by measurement of the 
distances between the edge of the specimen and appropriate positions on the 
grid. Micrographs were taken with magnifications of 1600 to 5000 in a High-
Voltage Electron Microscope (HVEM). The ion beam was 30° from the 
microscope axis and the specimen was tilted 20° toward the ion beam [10]. 
Changes in specimen length were measured with an uncertainty of 0.2 mm on 
the micrographs by means of an ocular. 

Irradiations were performed with 1.7 MeV H + ions, 2.75 MeV H + ions and 
5 MeV H e + + ions. The ranges of the projectiles and the cross-sections for 
atomic displacements, a^, were calculated by means of the computer program 
TRIM-91 [11] for the nominal alloy composition using the threshold energy for 
atomic displacements of palladium, T^ = 40 eV. The ion ranges were 
calculated to be 14.4 urn, 30 um, and 9.8 um, for 1.7 MeV H+ ions, 2.75 MeV H+ 
ions and 5 MeV H e + + ions, respectively. In order to avoid bending due to the 
different damage rates at the top and at the. bottom of the specimen, the 
specimen holder was turned several times by 180 degrees during irradiation. 

The temperature of the specimen holder was monitored by a platinum 
resistor and was kept below 30 K during irradiation. The temperature 
increase of the specimens due to beam heating was obtained by measurement of 
the change in specimen length when the ion beam was switched on and off and 



by using the l inear thermal expansion coefficient of amorphous 
P d 7 7 . 5 C u 6 . 5 S i 1 6 . 5 [12]. 

RESULTS AND DISCUSSION 

Figure 2 shows the measured change in the specimen length for several 
different specimens as a function of the number n = a ^ t of displacements per 
atom (dpa), where §t denotes the ion fluence. All specimens show an increase 
in length as a function of dose. The solid line represents a fit of all data points 
by the expression 

(AL/L0) = (AL/L0)S [ l - e " V r n ] (1) 

where V r and (AL/L0)S denote the volume for spontaneous defect recombination 
and the saturation value of the change in the specimen length, respectively, 
and D 0 V 0 and L 0 denote. the mass density, specimen volume and specimen 
length in the unirradiated condition. The fit yielded values (AL/L0)S = 4xl0~ 3 

and V r = 200 atomic volumes. Assuming isotropic changes in the specimen 
dimensions, the relative changes in the mass density and in the specimen 
volume V are given by AD/D0 = - AV/V0 = - 3AL/L0. Hence, the saturation value 
of the density decrease is (AD/D0)S = - 1.2 %. This value is appreciably smaller 
than one would expect from changes in the electrical resistance mentioned 
above. The value of the recombination volume is about twice the value 
determined from measurements of the electrical resistance during low-
temperature electron [6] irradiation and about four times that determined 
during neutron [8] irradiation. 
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Fig. 2. Change in specimen length AL/L as a function of the fluence. 



A possible explanation for the different saturation values lies in the 
sensitivity of the electrical resistivity to CSRO. Glassy PdgoSi2o has a 
pronounced CSRO which strongly resembles that of crystalline PdaSi [13]. 
Irradiation with fast particles is expected to reduce CSRO. A reduction of 
CSRO by fast particle irradiation has already been observed in glassy Cug^isg 
[14], and in two glassy Cu-Zr alloys [15], and ascribed to replacement collisions 
in analogy to the mechanism in crystalline alloys [16]. The existence of 
replacement collisions in amorphous metals has been demonstrated by means 
of computer simulation [17]. Our results suggest that reductions in TSRO and 
CSRO both increase the electrical resistance in agreement with the results 
obtained by van den Beukel for thermally treated glassy Pd82Siis [18]. The 
length change is not expected to be sensitive to CSRO. This would explain the 
different results obtained by length change measurements and by resistance 
measurements. 

From the initial slope of the dose curve, a swelling rate, d(AV/V0)/dn = 2.3 
d p a - 1 , is deduced. This value is comparable to the swelling rates of copper, 
d(AV/V)/dn = (1.1-1.3) dpa" 1 [19], and aluminum, d(AV/V)/dn = 2.0 dpa-1 [20], 
under electron irradiation below 6 K. 

SUMMARY 

Irradiation of glassy Pd8oSi2o with fast particles at low temperature results 
in a decrease in the mass density. The saturation value of the density change is 
-1.2 %. The swelling rate deduced from the dose curve is 2.3 dpa*1. The results 
suggest that both TSRO and CSRO are changed by irradiation, and that the 
electrical resistivity measures both changes in CSRO and changes in TSRO. 
Length change measurements appear not to be sensitive to changes in CSRO. 
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