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Production and Mechanical properties of Zr-Ti-Cr-Cu-Ni-Al

Amorphous alloys.

Jong-Tae Kang

Department of Production and Joining Engineering, Graduate School.
Pukyong National University

Abstract

The aim of this research is to manufacture the bulk amorphous alloys based in Zr~Ti-Cr-Cu-Ni-Al
system and to study mechanical properties, Base metal was Zr-Cu eutectic alloy and was
manufactured using the vacuum arc melting process. Ti, Cr, Ni and Al were systematically added to
base metal, ribbons were produced by a single roll process and the bulk amorphous alloy is
produced using a Cu-mold casting method. XRD, DSC and DIA tests were carried out and
microhardness and compressive strength were measured using microhardness tester and UTM(Universal
Testing Machine), respectively. Typical amorphous halo pattern showed in the produced ribbons.
AT, test results showed that the values were increased by adding Ni and Al. Among eight
compositions prepared, three alloys became bulk amorphous alloys. In the three bulk amorphous
alloy systems. the AT, of the two were 75 and that of the other one was 79 and T,y of the three
were 0.60. The microhardness value of the ribbons were in the range of between MHv 4213 to 460.8
and those of the bulk alloys were MHv 472.0 to 582.0. The compressive strength and strain of

produced bulk amorphous alloys were about 1.83GPa and 0.12%. respectively.
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Table 1 Characteristics of amorphous alloys.

Amorphous alloy

 Characteristios |

Use

Fe-base, Al-base
Ti-base, Mg-base

High strength

Structural material

Ti-base, Zr-base

Low modulus of
elasticity

Structural material

Fe-base, Ni-base
Zr-base, Ti-base

High corrosion
resistivity

Corrosion resistive
material

Fe-base, Co-base

High permeability,
High saturation
Magnetic flux density

Magnetic material

La-base, Mg-base

High hydrogen
adsomption

Hydrogen adsorption
alloy




Table 2 Maximum thickness of builk amorphous alloys.

_ Nonferrous metal base | tra(um)
Ln-Al-(Cu, Ni) 10
Mg-Al-(Cu, Ni) 10
Zr-Al-(Cu, Ni) 30
Zr-Ti-Al-(Cu, Ni) 30
Zr-Ti-(Cu, Ni)-Be 30
Pd-Cu-Ni-P 75
Ti-Ni-Cu-Sn 6

~ Femous metal base

Fe-(Al, Ga)-(P, C, B, Si)
Fe-(Co, Ni)-(Zr, Hf, Nb)-B

@ tpa(mm) = Maximum thickness
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Table 3 Chemical composition of the specimen.

specimen Composition [at. %]
smoois [ ze | Ti | cr [ cu | Ni | A
1 | s |- 5 [175]105] 10
2 | & | - |5 [155]125] 10
3 | 57| - | 5 |135]145] 10
4 | 57| - |5 |155|145]| 8
5 [& | - |5 |155]105]| 12
6 | s | 3|5 [175]105] 10
7 | 54| 3| 5 [155]125] 10
8 |5 | 3| 5 [135]145] 10
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Fig. 5 Schematic diagram of vaccum arc melting furnace.
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Fig. 6 Schematic diagram of the single roll equipment
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Table 4 Conditions of single roll process.

Type Single roll
Wheel | @ 200mm, pure Cu
Roll speed -' 3200 rpm
T | Quartz tube
Nozzle
S @ 10mm X 165mm
Atmo“sphefe 99.99% Ar
Gap ~betWeen
o 0.5mm
nozzle -and roll
Chamber pressure 0.013 MPa
Spray presstre 0.03~0.05 MPa
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Fig. 7 Photographs of the Cu-mold for the production
of the bulk. (rounded bar)
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Fig. 8 Method of heat treatment of the Zrs;CrsCuissNivgsAls
amorphous ribbon.
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Fig. 9 Appearance of ribbon.
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Fig. 10 X-ray diffraction patterns of the Zrs;CrsCuig s-xNis.54Alo
(x= 2, 4, 6) ribbons.
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Fig. 11 X-ray diffraction pattern of the Zrs;CrsCuissNiss-yAle+y
(y= 2, 4, 6) ribbons.
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Fig. 12 X-ray diffraction pattern of the ZrssTisCrsGuhes-Niss+Alo
(z= 2, 4, 6) ribbons.
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Fig. 14 DSC curves of the Zrs;CrsCuigsxNiss+xAlg
(x= 2, 4, 6) amorphous ribbons.
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Fig. 15 DSC curves of the Zrs;CrsCuissNises-yAlgsy
(y= 2, 4, 6) amorphous ribbons.
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Fig. 16 DSC curves of the Zrs4TisCrsCugs-:Nigs+:Aho
(z= 2, 4, 6) amorphous ribbons.
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Fig. 17 Microvickers hardness of the ribbons.
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Fig. 18 Appearance of the cylindrical bar of 3mm in diameter
of an amorphous Zrs;CrsCuhs.sNiipsAli2 alloy.
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Fig. 19 X-ray diffraction patterns of the Zrs;CrsCuios-xNigs«xAlio
(x= 2, 4, 6) bulks.
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Fig. 20 X-ray diffraction pattern of the Zrs7CrsGuissNirs.s-yAlssy
(y= 2, 4, 6) bulks.
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Fig. 22 DTA curves of the Zrs;CrsCuhgs-«Niss+xAho
(x= 2, 4, 6) bulks.
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Fig. 26 Microvickers hardness of the bulks.
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Fig. 28 Compressive fracture behavior of an amorphous
Zr5:CrsCuis sNii2 sAle alloy.
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