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Report:

The properties of bulk metallic glasses (BMGs), such as high strength and a large elastic limit, are closely
related to their structure [1-3]. Within this project we have investigated changes in the structure of
amorphous alloys induced by the application of different kinds of elastic as well as plastic pre-deformation.
In doing so, we have compare three different glass-forming alloys with varying tendency to vitrify to see
whether the stability of the glass reflects in the way the structure changes during pre-deformation.

The three different compositions with decreasing glass-forming ability (GFA) used for the experiments
are: CussZrasAlsAgs, CuarsZrarsAls and CuaysZra73AlsScon. The addition of Ag to Cu-Zr-Al system is
known to enhance the stability of the liquid phase whereas Sc tends to stabilise the B2 CuZr phase and this
deteriorates the GFA. The following deformation treatments were applied to these rapidly quenched alloys
with various geometries: (i) static compression (72 h at 85% of the yield strength) (ii) dynamic compression
(10%, 10°, 10* and 10° cycles, 10 Hz, sinusiodal, 0 MPa to 85% of the yield strength) (iii) cold-rolling (40%,
80% and 250%) and 4. High pressure torsion (HPT) (4 GPa and 8 GPa, 80 turns). The rather extensive
amount of data recorded at the ESRF is still being analysed in depth and will be prepared for publication.

Within this report we merely concentrate on the results obtained for the HPT samples. There are
publications on the analysis of the structure of metallic glasses, which were subjected to severe plastic
deformation by means of HPT, using high-energy X-rays [4-5]. These authors performed linescans across the
sample diameters and found that the position of the first scattering maximum, Q1, correlates with the shear
strain, which is a function of the distance to the sample centre. The shear strain can be described as
v(r) = 2nNr/l, with r being the radius of the disk, N being the number of turns and 1 being the sample
thickness. We have used a different approach and placed a rectangular grid with lateral and vertical spacings
of 0.125 mm across one half of each HPT sample. In total about 2000 diffraction patterns were recorded with
an exposure time of 5 s. These measurements allow a much more detailed view on the behaviour of the
material. Aspects like homogeneity of the structure and deformation as well as possible artifacts caused by a
slight misalignment can be discussed. Figure 1 shows the positions of the first broad maximum (Q1) in the
intensity curve (fitted with a pseudo-Voigt function with linear background) over the scanned area. The upper
two images display the HPT samples of CuysZrssAlsAgs deformed under pressures of 4 GPa and 8 GPa (80
turns), respectively. The lower two figures depict the Cuys75Zr475Als HPT samples subjected to pressures of 4
GPa and 8 GPa. The colour scaling is identical for all figures.



The radial symmetry of all the samples is obvious and the central regions show a minimum in Q1 for all the
samples. Towards the sample edges the value of Q1 increases and reaches a maximum at intermediate radii
and then decreases again. This is due to the fact that the thickness of the samples near the edges is slightly
reduced during the HPT process. This lowers the friction with the plunger and thus the degree of
deformation. Changes in Q1 are commonly attributed to structural changes in the medium-range order
(MRO) arising from elastic strains [6]. The shifts of Q1 in the present case can be interpreted as compressive
strains residing from plastic deformation.

Additional aspects such as calculating the local strain based on a comparison with the peak position of the
first maximum in the as-cast state [6], analysis of the behaviour of additional scattering maxima other than
the first, analysis of the behaviour in real space or the detailed analysis of the peaks widths will be also
addressed in the future using the present data. Nevertheless, two findings can be immediately discussed from
the present results: The change of the structure depends on the composition of the glass and on the pressure
applied during the HPT treatment. If the pressure is 4 GPa, the first scattering maximum of CussZrssAlsAgs
varies much more strongly than that of Cus7s5Zr475Als. It seems that the better glass former retains more of
the strain introduced during deformation. Additionally, crystalline regions can be detected, which might have
formed during the severe plastic deformation. These cannot be found in the more stable CussZrssAlsAgs
glass. All as-cast plates were analysed by reflection XRD and DSC prior to the HPT experiments and the
results indicated the samples to be fully amorphous. At the lower pressure, ordering processes might have
occurred in the glass, which tends to crystallise more easily.

The first diffraction maximum of both alloys decreases when the samples are deformed at 8 GPa and
simultaneously, the structure of the material seems to become more homogeneous. Under appropriate
conditions HPT can either amorphise crystalline material or cause odering in glassy systems. This threshold
presure seems to be between 4 GPa and 8 GPa. The processing thus has a pronounced influence on the
structure of the two metallic glasses and it can be traced back by the present approach.
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Figure 1: Position of the first scattering maximum (reciprocal space) in one half of a glassy CuysZrysAlsAgs and
Cuy7 521475415 disk deformed by HPT (80 turns and at pressures of 4GPa and 8GPa). The white and grey spots indicate
partially crystalline regions.

References

1. Chen, M. W. Annu. Rev. Mater. Res. 2008, 38, 445-469.

2. Greer, A. L. et al., Mater. Sci. Eng. R 2013, 74 (4), 71-132.
3. Schuh, C. A. et al., Acta Mater. 2007, 55 (12), 4067-4109.
4, Kovacs, Z. et al., J. Mater. Res. 2008, 23 (12), 3409-3414.
5. Révész, A. et al., Appl. Phys. Lett. 2008, 92 (1), 011910.

6. Poulsen, H. F. et al., Nature Mater. 2005, 4 (1), 33-36.



