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Formation and Properties of Cu-Zr-Ti—-Ni-Pd Bulk

Metallic Glasses

Jin—-Suck Oh

Department of Materials Engineering
(GGraduate School

Pukyong National University

Abstract

The glass forming ability and thermal properties of Cu-based
Cu—Zr-Ti-Ni-Pd alloy studied by rapid solidified ribbon and thermal
analvtical measurement. Ribbon specimen were produced by single
roll rapid solidification process, and properties of ribbon were
investigated by DSC, DTA, XRD, microhardness test. sample rods
of Cu-base alloy were made by copper mold-casting technique.

XRD pattern of Cu-base amorphous alloy ribbon show the Cu-
Zr-Ti-Ni-Pd alloy is a glass formation alloy. The glass forming
ability (GFA) of Cu-base alloy is sensitive to the Ni and Pd addition,
and highest GFA is achieved at CusyZrs0Ti1oNisPds amorphous alloy.
The CuypZrsyTioNi1sPds alloy made bulk metallic glasses with

diameter of 1.5mm. It is found that AT defined by the difference



between temperature of the first crystallization event Ty and the
glass transition temperature T, is more effective factor than
To(Ty = Ty/Tw Tw, melting temperature) to reflect the GFA of the

Cu-base bulk metallic glasses
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Table 2.1 Characteristic of amorphous alloy

Amorphous Alloy

Characteristics

Fe-hase, Al-base,

Ti-base, Mg-base

High Strength

Strutural Material

Ti-base, Zr-basc

Low Modulus of

Elasticity

Structural Material

Fe-base, Ni-base,

Zr-base, Ti-basc

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
Adsorption

Hydrogen Adsorption
Alloy




Table 2.2 New melticomponent alloy systems with large

glass—forming ability

I. Nonferrous Group Metal Base Year [tn./mm
Mg-Ln-M (Ln-=lanthanide metal, M=Ni, Cu or Zn)| 1988

Ln Al- Il\’kIMZITI\’I '\: VH“.IM‘t“r_dn\ltlon mctdl) 1989 | 10
Ln-Ga*T.\/I—__—“ - 1989 | B
Zr—Alj?;'l\"I" - H ‘“‘1990 30 N
Zr-T1-TM-Be N - ]99}3 25 h
T;d Cu-Ni-P o - - 7]‘396 72
Pd-Cu-B-Si | 1997

II. Ferrous Group Metal Basc Year t,../mm
Fe-(Al, Ga)-(P, C, B, Si, GL) 1995 3
Fe—(Ngil\go,)* (Al, Ga,)-(P, B, Si) ) | 1995 —
E;;(Al, Ga)-(P, B, \S;i:) E ] 1996

Fe-(Zr, Hf, Nb)-B | 7 19‘97 |

(:0 (Zr, Hf, Nb)-B - | | 1997 |

Ni-(Zr, Hf, Nb)-B 1997

Fe—(Co, Nl) (Zr, HI, Nb) BW 7 ”71997 6 ‘

tmax > Maximum sample thickness
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Fig. 2.2 Phase diagram of Cu-Zr
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Fig. 25 Atomic diameter of the constituent elements of

bulk amorphous alloy
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Table 2.3 Density of amorphous alloy in as—cast, crystallized

stateand the difference in density between

amorphous and crystallize alloys

casting crystai Acrystalﬁ‘
Alloy Clg/mY | [g/m’l [%]
(state) amorphous crystal -
ZrsoCuzoAlio 6.72 6.74 0.30
er_r,Cu:;()All[)Nis 6.82 6.85 0.44
Pd40CuzoNiioPz2o 9.27 9.31 ; 0.54

Fig 2.6 Ln-, Mg-, Zr-, Pd-, Fe-, 712]3. Co-base A}~® 2] r}%
A Fao]l & GFAE 948 F U o2

gelskel vhebl Zelt
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‘ The constituent elements have large negative heats of

| mixing and large atomic size ratios above 10%

!

Formation of amorphous phase with a higher degree of

L

dense random packed structure

|
L o _

f Increase'of solid/ ] |D|fflcultyof atomic féarrangement of?
L liquid interfacial ‘

:the constituent clements on long rangej

l !

(Suppressi()n of nucleation

] Suppression of crystal }

of crystalline phases growth

Fig. 26 Summary of reason for the achievement of the high
glass—forming ability for some ternary alloy system
such as Ln—-Al-TM, Mg-Ln-TM and Zr-Al-TM, etc.
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Vacuum Chamber

Vacuum Ar gas

Tungsten
tip

1 Water cooling

P

Cooling water

Fig. 3.1 Schematic diagram of vacuum arc melting furnance
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Vacuum Ar gas
B ——— —Areer—————

Quartz

| Induction
nozzle

coil

Melt-spun ribbon Molten alloy

Cu-roll

Fig. 3.2 Schematic diagram of the single roll equipment
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Table 3.1 Melt spinning condition

Type single roll
Wheel 250 mm, pure Cu

Roll speed 4000 * 50rpm

quartz tube inner dia.

Nozzle
109 mm X 150mm
Atmosphere 99.999% Ar gas
Gap Between
0.34mm
Nozzle and Roll
Chamber pressure 0.7-09Mpa in Ar atmosphere
Eject gas pressure =05Mpa

Ribbon Thickness 30~40gm
Width 2~3mm

Ribbon

_21_
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Fig. 4.3 X-ray diffraction patterns of the Cugo-xZ130T1;0Niy
(x=5, 10, 15) ribbon.
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Fig. 49 Composition range of Cuso-x yZr30Ti10NiPdy
amorphous alloy a function of Ni and Pd content
(M=Zr + Ti, roll speed=4500+*50rpm)
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Fig. 410 X-ray diffraction patterns of the CussyZrsyTioNisPd,

ribbon alloy.(y=2, 4, 6, 8)
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Fig. 4.11 X-ray patterns of Cusp-yZrs3pTi0N1;0Pdy ribbon
alloy. (y=2, 4, 6)
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Fig. 412 X-ray patterns of the CussZr30Ti10Ni115Pd,
(y=2, 4, 6) ribbon alloy.
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Fig. 420 XRD patterns of the Cuss ZrsTioNisPd, cast bulk
alloy (y=2, 4, 6, 8)
(a) CusZryTipNisPds 1mm bulk
(b) CusZr3Ti1oNisPds 1mm bulk
(¢c) CuavZrzTioNisPds 1.5mm bulk
(d) Cus1Zr30Ti10NisPds 1mm bulk
(e) Cus3ZrTipNisPdz 1mm bulk
(f) CusyZrzTiwNisPdz 2mm bulk
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