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Fe-based amorphous wires are promising in small-size functional components and devices due to their high thermal 

conductivity and soft magnetic properties. However, it is a great challenge to fabricate binary Fe-based amorphous wires 

through traditional preparation techniques. In this letter, Fe91Zr9 amorphous wires with a smooth surface and negligible 

deviation in diameter were firstly prepared using the melt-extraction method. Their microstructure, magnetic properties and 

tensile strength were evaluated. This work is expected to promote the application of Fe-based amorphous alloys in flexible 

sensors, wearables and magnetic refrigerants.  

 

(Received July 28, 2019; accepted June 16, 2020) 

 

Keywords: Amorphous materials, Magnetic properties, Microstructure 

 

 

 

1. Introduction 

 

Fe-based amorphous alloys (FAAs) at micrometer or 

sub-micrometer scale have great potentiality in the 

application of small-size components, 

micro-electro-mechanical systems and bio-sensors for 

their high thermal conductivity and soft magnetic 

properties [1-5]. Conventionally, Fe-based amorphous 

wires (FAW) are produced by glass-coated melt spinning 

method [6-9], accompanied with the following 

disadvantages [7, 10]: (1) the diameter of FAW is limited 

below 20 m because of the slow cooling rate; (2) the 

spun alloys must possess nearly the same melting 

temperature as the flow point of the coating glasses; and (3) 

the coating glass must be removed by dissolving in 

hydrofluoric acid. Up to now, almost all the binary FAAs, 

such as Fe-Zr, Fe-P, Fe-Hf, Fe-C and Fe-Sc, fabricated by 

conventional fast cooling techniques are ribbons or 

powders [11-15]; these shapes significantly limits their 

commercial proliferation, confronting great challenges in 

the evaluation of tensile properties of these FAAs. It is 

necessary to develop a technique for the fabrication of 

binary FAWs with a circular cross-section. More recently, 

Co-Fe-Cr-Si-B amorphous wires was reported prepared by 

melt-extraction method [16-17], indicating the possibility 

of producing amorphous wires with small glass-forming 

ability and supercooled liquid region. This method is also 

easily to be controlled and convenient for the fabricating 

the continuous amorphous wires with circular cross 

section, smooth surface and negligible deviation in 

diameter.  

In this letter, we attempted to examine the possibility 

of fabricating amorphous wire in the binary Fe-Zr system 

in an optimum melt extraction condition by means of the 

melt-extraction method. The aim of this letter is to outline 

the melt-extraction method for binary FAW, and report its 

shape, size and mechanical properties. 

 

 

2. Experimental 

 

Ingots with nominal composition of Fe91Zr9 (at. %) 

were prepared by arc melting pure elements (99.99 wt. %) 

in an argon atmosphere. To ensure homogeneous, every 

ingot was remelted five times. Amorphous ribbons with an 

approximate width of 1.0 mm and thickness of ~30 μm 

were prepared by single roller melt spinning method with 

a surface speed of 40 m/s under an argon atmosphere. 

Amorphous microwires are fabricated successfully by the 

melt-extraction method as shown in Fig. 1. The feed rate 

of the sample holder was set to be 90 m
-1

. The 

temperature was determined by a Raytek integrated ratio 

infrared thermometer and the sample was heated up to the 

temperature about 50 K above the melt point. The edge 
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angle of the Mo wheel was fixed at an angle of 60. The 

circumferential velocity of the Mo wheel was 30 m/s. By 

moving up the sample holder toward the Mo wheel the 

melt was extracted sideways under a high purity argon 

atmosphere, and formed a fine, rapidly cooled circular 

wire with a high surface-to-volume ratio. The amorphous 

nature of samples was certified by X-ray diffraction (XRD, 

D8-Discover, Brucker) with a Cu Kα radiation, and 

thermal analysis was performed by a differential scanning 

calorimeter (DSC, 404 F3, Netsch) with a heating rate of 

40 K/min. Temperature and field dependences of the DC 

magnetization were measured in the temperature range of 

10 – 300 K under a field of 0.02 T using the magnetic 

property measurement system. Tensile tests were 

performed on the microcomputer control electron 

universal testing machine. Hardness tests and Vickers 

indentation tests of wires after inlaying and polishing were 

performed on digital durometer. The tensile fracture and 

Vickers indentation morphology were examined using a 

scanning electron microscope (SEM, FEG 250).  

 

 

3. Results and discussion 

 

Fig. 2 shows a typical SEM micrograph of the 

peripheral surface of Fe91Zr9 amorphous wire. Deviation in 

the wire diameter is about 10 % for the wire approximately 

30 m in diameter and it tends to decrease with decreasing 

wire diameter. Thus, the FAW produced by this technique 

possess a good uniformity of shape, indicating the high 

stability of the melts on rotating Mo wheel. 

 

 

 

Fig. 1. Schematic illustration for a melt-extraction  

technique used in the present study (color online) 

 

 

 

 

Fig. 2. SEM micrograph showing the peripheral surface  

of as-extracted Fe91Zr9 amorphous wire 
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Fig. 3. XRD patterns of Fe91Zr9 amorphous  

ribbon and wire (color online) 

 

 

Fig. 3 shows XRD patterns of as-quenched Fe91Zr9 

ribbon and as-extracted wire. The XRD patterns show only 

broad peaks, and no obvious crystalline peaks can be 

detected, indicating the amorphous structures of the ribbon 

and wire. DSC curves of Fe91Zr9 alloy ribbon and wire are 

shown in Fig. 4. No glass transition is recognized, while 

obvious crystallization exothermic peaks are observed, 

consistent with the results obtained by X-ray diffraction. 

The sharp crystallization event also confirms the formation 

of an amorphous phase for the wire. 
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Fig. 4. DSC curves for Fe91Zr9 amorphous ribbon and wire 

(color online) 
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Fig. 5. Hysteresis loops for Fe91Zr9 amorphous wire  

under 5 T at 10 K (color online) 
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Fig. 6. Temperature dependence of magnetization under 

a magnetic field of 200 Oe. The inset displays the thermal 

derivative of  the magnetization data  as a function of  

  temperature (color online) 

 

Fig. 5 shows the magnetic hysteresis loop for Fe91Zr9 

amorphous wire at 10 K. The wire exhibits the saturation 

magnetization (Ms) of 123 emu/g. The temperature 

dependence of magnetization is also presented in Fig. 6. 

The Curie temperature (Tc) of the amorphous wire is about 

210 K. The Ms and Tc are determined by the total magnetic 

moment in the amorphous structure [18]; the atomic 

magnetic moment is assumed to be dependent on the 

number of the nearest-neighbor Fe atoms and Fe-Zr 

interaction [19, 20]. It should be noted that as shown in 

Fig. 6, the magnetization decreases with temperatures 

decreasing below 10 K. It is attributed to the fact that the 

higher Zr content in the present alloy has enhanced the 

ferromagnetic interaction [21] and spin glass behavior 

[22]. 

 

 

 

Fig. 7. (a) Tensile stress-strain curve for Fe91Zr9 

amorphous wire. (b) SEM image of the fracture 

morphology showing an inclined fracture. (c) Magnified 

SEM image taken from the rectangular region in (b). (d) 

Vickers indentation SEM image of  Fe91Zr9 amorphous  

                      wire 

 

Tensile stress-strain curve of Fe91Zr9 amorphous wire 

at room temperature is shown in Fig. 7 (a). The initial 

strain rate was 0.2 mm/min. No appreciable plastic strain 

is recognized, indicating that the sample fractured by a 

catastrophic brittle mode. The fracture strength σf is 

162050 MPa. The SEM images revealing the tensile 

fracture surface morphology are shown in Fig. 7 (b) and 

(c). A number of shear bands are observed in the lateral 

surface region, and distinct vein pattern is also observed 

on the fracture surface, indicating that the shear bands 

generated even in the elastic strain region. The shear type 

fracture mode implies that the tensile failure is controlled 

by the normal stress and the shear stress [16]. The Vickers 

hardness is 726 kg/mm
2
 for the as-extracted Fe91Zr9 

amorphous wire. A SEM image revealing the slip 

markings around the hardness indentation trace is shown 
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in Fig. 7 (d). A number of slip-steps markings are 

observed in the vicinity of the indentation trace. The 

absence of obvious crack and the presence of slip-steps 

markings indicate that the wire is ductile adequate to 

prevent catastrophic fracture under loading. In the 

following, more binary Fe-based amorphous wires and 

their properties need to be further explored in the future. 

 

 

4. Conclusion 

 

This study shows the fabrication process of Fe91Zr9 

amorphous wire by using a novel and facile method via 

melt-extraction. The dimensional accuracy of the produced 

wires and the appropriateness of the post-characterization 

methods, i.e. structural, mechanical, thermal, magnetic 

properties investigations, for the amorphous wire confirms 

the production technique's suitability to be used in 

different fields. This work is expected to promote the 

application of Fe-based amorphous alloys in flexible 

sensors, wearables and magnetic refrigerants.  
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