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INTRODUCTION: When (bulk) metallic glasses 

((B)MGs) are heated, they transform into a 

supercooled liquid (SL) and crystallize at higher 

temperatures. The devitrification of a glass into a 

SL is accompanied by a distinct softening, readily 

characterized by a drop in viscosity which 

continues to decrease at further heating. Thereby, 

the SL can be thermoplastically formed or 

embossed enabling the preparation of novel 

nanoscale or hierarchical surface topographies 

and, hence, the functionalization of metallic 

materials [1]. The thermoplastic embossing (TPE) 

is facilitated at lower viscosities of the SL present 

at higher temperatures and faster heating rates. 

The formation of crystalline phases and 

crystallization kinetics can be modulated, also at 

higher heating rates, as we will demonstrate [2, 3]. 

Thus, novel microstructures composed of even 

metastable phases can be deliberately prepared. 

Rapid heating or just “flash-annealing” allows to 

prepare metallic materials with not only novel 

microstructures, but also nanoscale surface 

topographies with advanced wetting characteristics 

with high potential for bio-functionalization. Here, 

we elucidate the flash-annealing process, 

demonstrate the preparation of fully crystalline 

novel microstructures and reveal preliminary 

results of surface-functionalization imparted by 

thermoplastic embossing. 

METHODS: Cu44Zr44Al8Hf2Co2 and 

Ti40Cu34Pd14Zr10Sn2 pre-alloys were obtained by 

mixing elements (min. 99.99%) in a Ti-gettered Ar 

atmosphere in an arc melter (Edmund Bühler). 

Rods with diameters of 3 and 4.5 mm were 

prepared by suction casting. The flash-annealing 

and thermoplastical embossing is carried out in 

custom-made devices developed in-house [2]. 

Their components and working principles are 

specified in this presentation. High-energy X-ray 

diffraction (DESY P02.1) and secondary electron 

microscopy is employed for microstructural and 

surface characterization. Mechanical properties are 

studied under uniaxial compression (Instron 5869). 

RESULTS & DISCUSSION: 

The exemplary temperature-time (T-t) curve can 

be classified into three stages – glass, SL, 

crystalline phase(s) – and both indicated 

characteristic temperatures (Tg and Tx) demarcate 

them from each other. The structure is disordered 

on a long-range for the glass and SL, as the in-situ 

HEXRD proves. From multiple T-t curves and 

HEXRD patterns a continuous heating 

transformation (CHT) diagram is constructed. 

Based on it, one can prepare crystalline materials 

with novel microstructures consisting of e.g. 

metastable phases, such as B2 CuZr in the present 

case. Kinetic constraints are effective at higher 

heating rates and they favour the precipitation of 

polymorphous crystallizing phases. Compared to 

solidification, crystallization occurs at drastic 

undercoolings during flash-annealing of BMGs. 

This leads to the preparation of material with a 

very fine-grained microstructure and extraordinary 

strength (true stress-strain curve). In addition to 

studying the phase formation and resulting 

microstructure of alloys, flash-annealing allows to 

thermoplastically emboss the surface of the SL 

with a nanoscale patterned Al2O3-membrane. The 

embossed SL crystallizes and the surface 

topography consisting of nano-rods is shown in the 

secondary electron micrograph. This preliminary 

results on the surface patterning of metals are a 

first step into the preparation of functionalized 

metallic materials which could serve as implant 

material. 

CONCLUSIONS: A rapid heat treatment, the so-

called “flash-annealing”, of bulk metallic glasses 

(BMGs) is presented. Thereby, BMGs are 

transformed into supercooled liquids prior to their 

crystallization. We have demonstrated that once 

they are present as a supercooled liquid, their 

surface can be nano-patterned using thermoplastic 

embossing. At further heating, the supercooled 

liquids are fully crystallized leading to the 

preparation of novel microstructures composed of 

metastable phases with advanced mechanical 

properties. 
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