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1) Fortschritt des im Antrag beschriebenen Arbeitsprogramms 
Berichten Sie kurz und allgemeinverständlich über die wesentlichen Ergebnisse. Waren 
Abweichungen vom Arbeitsprogramm notwendig? 

This report summarized the results of the very successful cooperation between Zhejiang University,

Hangzhou, PR China, and DESY, Hamburg, Germany, on the topic of “Investigation of Metallic Glasses

under Stress by Synchrotron Radiation Techniques”. In five years, from 2007 to 2012, more than 90

papers in reviewed journals have been published. Some of the results are still under evaluation, so that

the project will continue to produce contributions to the research field even after the end of the

funding period. Based on the exceptional success we are currently investigating pathways to continue

this well established cooperation.

Besides scientists and post docs several students have been involved, both at Zhejiang University and

at DESY. Scientists from Zhejiang University have been trained in the use of Synchrotron Radiation

based experimental techniques during long term visits at DESY. In addition every year several mutual

short term visits have been arranged. Results have been presented on various national and

international conferences and seminars.

Most important achievements have been the development of several new and innovative alloys with

optimized glass forming abilities, the unraveling of structure property relations, correlation of

microscopic and macroscopic deformation mechanism, and the development of advanced data

collection and evaluation procedures.

In the following a short description on the most important achievements will be presented.

I. Atomic structures of metallic glasses

Atomic structures of a wide range of metallic glasses (La based, CuZr, CuZrAl, ZrNi, NiNbZr, ZrCuPd,

FeCoNbB, and many more) have been investigated by a combination of advanced experimental

techniques (synchrotron radiation based x ray diffraction (XRD) and extended x ray absorption fine

structure (EXAFS)) with computational methods (reverse Monte Carlo (RMC) and ab initio molecular

dynamics (VASP) simulation) [3 5,14,15]. Three dimensional atomic configurations of the studied

metallic glasses have been established. Icosahedron like clusters have been detected in many of the

studied metallic glasses. The question about the nature of the amorphous to amorphous phase

transition induced by pressure, a very active field in materials science and condensed matter physics,

has been tackled. We discovered that LaCe based bulk metallic glass exhibits a sudden change in

compressibility, which might originate from the Kondo coupling between 4f spin and conductive

electrons due to the addition of cerium [1]. Such an effect has never been reported in any bulk metallic

glasses before. This seems to be the first observation of an amorphous to amorphous phase transition

in bulk metallic glassy systems. The origin for the crossover was detected to be delocalization of f
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electrons under pressure. One new Ca Al metallic glass system with non f electron also demonstrates

an amorphous to amorphous crossover due to a charge transfer from s or p electrons to d orbital.

Based on atomistic structural data the group at Zhejiang University developed the largest Zr based bulk

metallic glass prepared by copper mold casting with 73 mm diameter[64]; the largest rare earth based

BMG rods prepared by copper mold casting with a critical diameter of 35 mm [2] and a novel ZrCu

based bulk metallic glass with at least 20 mm diameter[12].

II. Structural evolution of BMGs under stress

We discovered an intrinsic plastic CuZrAlTi bulk metallic glass with high strength and superior

compressive plastic strain of up to 32.5 %. The correlation of mechanical properties with atomic

structure of that alloy was investigated by using Synchrotron Radiation techniques. The superior

compressive plastic strain is attributed to a large amount of randomly distributed free volume, induced

by Ti minor alloying, which results in extensive shear band formation, branching, interaction and self

healing of minor cracks. In order to confirm the idea of free volume effect on mechanical behavior of

BMGs proposed, we further carried out a study on CuZrAl BMG and indeed revealed that the plasticity

of the BMG can be tailored by introducing different amounts of free volume in BMGs[16]. These results

demonstrate that introducing free volume to BMGs could be one promising way to improve plasticity

of BMGs. In addition, we explored various possibilities to overcome the restriction of limited plastic

deformation and lack of work hardening of BMGs. We successfully achieved large macroscopic

compressive plastic deformation (over 15%) and work hardening like behavior in a monolithic BMG

through tailoring loading stress distribution experimentally [13]. We explored a new method to study

tension behavior by in situ XRD under tension to quantitatively determine elastic properties and a new

method to characterize residual stress in BMGs was developed [14]. These new tools for structural

characterization were successfully applied to four BMGs [27]. It is found that the local strain is basically

homogeneously distributed at low stress. However, heterogeneity appears obviously when the stress is

close to the fracture strength. The amplitude of fluctuation in local strain for several BMGs could relate

to the distribution of excess free volume within the medium range order. This might be a precursor for

the formation of shear bands. Conclusions drawn for structure data could be supported by molecular

dynamics simulations of stress strain behavior [94].
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2) Finanz-/Zeitplan 
Können Sie Finanz- und Zeitplan einhalten oder sind Anpassungen notwendig? 

Finanz- und Zeitplan wurden eingehalten. 

3) Strategischer Mehrwert 
Welchen strategischen Mehrwert für die Helmholtz-Gemeinschaft hat das Vorhaben bisher erreicht 
oder inwieweit ist er absehbar? 

Das Forschungsprojekt stärkt die Zusammenarbeit mit der Volksrepublik China, einem der 
strategische Partner der Helmholtzgemeinschaft. Durch den regelmässigen Austausch werden 
Beziehungen zu den Kollegen and der Zhejiang Universität gepflegt, aber auch Kontakte zu 
anderen Universitäten z.B. in Nanjing und Shanghai geknüpft. Längerfristige Besuche 
chinesischer Kollegen am DESY tragen zur erfolgreichen Durchführung von 
Forschungsprojekten bei. Das wird auch durch die grosse Anzahl von gemeinsamen 
Publikationen und die erfolgreiche Zwischenbegutachtung dokumentiert. Durch das 
gemeinsame Projekt haben wir Zugang zu den Präparationslabors an der Universität Zhejiang, 
und können deren weltweit einmalige Expertise in der Entwicklung von massiven metallischen 
Gläsern nutzen. Langfristig trägt diese Kollaboration mit chinesischen Wissenschaftlern zu 
einer Intensivierung der wissenschaftlichen Zusammenarbeit bei. 

 

4) Drittmittel 
Wurden Drittmittel eingeworben? Wenn ja, von wem und in welcher Höhe?

Es wurden keine weiteren Drittmittel eingeworben. 

 


























































