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Abstaract

Recently, Ni-base bulk amorphous alloys (Ni>G50atx) have been considered as
potential engineering materials with good mechanical properties and corrosion
resistance. Therefore great attention has been paid to bulk amorphous alloys
with a large supercooled liquid region before crystallization because the high
stability of the supercooled liquid against crystallization has been recognized
to enable the production of bulk amorphous alloys with thickness over several
millimeters. In order to produce of Ni-Zr based bulk amorphous alloys, the
thermodynamic properties (glass transition temperature {T,), crystallization
temperature (T}, reduced glass transition temperature (Tyy), liquidus
temperature (T;')) of undercooled liquid and the addition of Ti, Nb, Ge elements
on the glass forming ability (GFA) have been investigated by using DSC
{differential scanning calorimetry), DTA (differential thermal anlysis), X-ray
diffractometer, and its Vickers hardness values measured.

As a results. NigZraTiiBes and NissZrioTijcGes alloy melt-spun exhibits a
supercooled liquid region (AT,) exceeding 50K before crystallization. The
largest reduced glass temperature, Tr; of 0.636 is obtained for the NigZrzoT 1168e3
alloy. The bulk amorphous alloys NigZr:Tife; and NisoZraoTiesBes of rod with 1am
in diameter were fabricated by injection casting and its hardness value showed

Hv=635 and 667.
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Table 2.1

Maximum diameter of various bulk amorphous alloy

System(%
Max.
Alloy system dia. Reference
(mm)
Zry 2 ThaaCupaNigBess | 50 | W.L Johnson et al, Appl. Phys. Lett. (1993)
ZrasAd7sNipCuizs 16 Alnouve et al., Mater, Trans. JIM. (1993)
Few(CoND(Zr,Nh, Ta)B| 6 Aldnoue et al, IEEE. Trans. Magn. (1996)
FessCorZrioMosWaB 5 6 Alnoue et al., Appl. Phys. (1998)
MgesCuisYioAgo 10 E.SPark et al, Mater. Trans. JIM. (2000
Cuar TisZr 1 NisSnmSiy 6 E.S.Park et al,, J. Mater. Res. (2001)
NizaZray TiheS1»Sny 3 5.1 et al, ] Mater.Res. (2001)
TiasNUsCusSngBeZrs 5] Y.CKim et al, J. Mater. Res. (2002)
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The constituent elements more than three kinds with negative
heats of mixing and large atomic size ratios above 12% i

|
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Fig. 25 Mechanisms for the stabilization of supercooled liquid and
the high glass-forming ability for the multicomponent

alloys which satisfy the three empirical
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Fde e Folzltd Table 221 B%E 8173 2@ F(Ordinary Amorphous)
2 83 94 233 (Bulk Amorphous)S 7bds) W wa] Wbk,

Table 22 The comparative data of ordinary and bulk amorphous

Ordinary amorphous Bulk amorphous

Characteristics

Shape of Products Ribhon, Flake, Powder Thickness ~100mm

Atomic Size Difference =< 2% >12%

Critical Cooling Rate 10"~ 10° K/s or more <10° K/s or less

2~3% 0.3~ O C)4O/

pct'ygtal > phu]k>pribbon

Density Difference
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OUEE009%) oFE sk gl olagelsle] Ra shan

Alshs GrkaAe|ste $Rg kolt: Y S skt dFRAe &

S, FAWI 00000~210g)3 ¥, iEE obE(Ar 99.9%) 2917 o A

Avpl 7hghe 40mHg st 813, A5 60~ 140AR WeiA 2w g
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= FAHN Slah ghel REBAE velsel A SEEAE A

ool A EAT fle) 3-43] A8 shedch

WERRel ga 1 - el FRdels 0001% ol st Aoldlo] 2 Qs
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Table 3.1

The purity, form and suppliers of raw elements used in

production of amorphous alloys

-

element form purity (%s) supplier
Ni rod 7 99.99+ Aldrich Chem. Co.
No | rd | w9e | Aurieh Chem co
7T sponge 99.8 Aldrich Chem. Co.
7;1 | sponge ) 7:)9.8 Aldrich Chcm:‘uCo.
C;e chip - 99‘9;915 Aldrich Chem. Co,
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Tahle 3.2 Physical and chemical properties of the constituent

(19,57 ~59)

elements

- element . .
T Ni Nb o Ti Ge
property ,
atomic number 28 41 40 22 32
atomic weight 58.71 92.91 91.22 47.88 72.61
radius{ A) 1.2459 1.429 1.6025 1.4615 1.24
melting point{ C) 1455 2469 1857 1670 938
e —{= | B e (
clectron configuration 3d"ad” 4d%ss’ 4d"5s” 3d°4s’ 4534;32
structure fee hece hep ¢+ hep diamond
density(g/cw’, 300K) 39 857 6.4 454 5323
specific heat( J/gK) 0.44 0.26 0.27 0.52 0.32
thermal conductivity | | R
 0.907 0.537 0.227 0.219 0.599
 (W/emk) , N e o
AHn/Ni . =30 -49 -35 =235
atomic volume {(cw/md))  6.59 10.87 14.1 10.64 136
- 25 -
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Chamber gage

Injection
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44—  Air cvlinder

Quartz
nozzle

Induction - ¢
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- Molten alloy

Leak
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{ YedEy Vacuum .
e > frequency
/ generator
Ar
gas

Control System

Fig. 3.1 Schematic illustration of single roll melt-spinning apparatus
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Table 3.3 Experimental conditions of melt-spinning and injection

casting
Type single roll melt spinning
Wheel pure copper, 230mmd, % 30mn

Roll speed

Injection mold

Nozzle

Atmosphere

2000mm (24 Ms)

pure copper

quartz tube (Iength:180mm, dia..10mm)

ribbon @ 0.711mm

bulk : 0.813mm

tip orifice

i
)
i
i
i

99.9% Ar gas

Chember pressurc

Eject gas pressure

68 emHg

49~59 kP Ar gas

ribhon : 05~06 kef/or | bulk : 07~08 kef/on
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Fig. 4.1 Equilibrium phase diagram of Ni-Zr system "
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(1) Re-Te-Os-Ru-Rh-Ir-W
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Fig. 42  Relations between the mixing enthalpies of Ni-M atomic

pairs and the atomic size ratios of I'nt/I'n
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Table 41 Tg T. and AT obtained by DSC and Tw’, T and Tig
obtained by DTA in Ni-Zr, Ni-Zr Ti and Ni-Zr-Ti-Nb

systern
e | [ ]
Sbecimen Alloy To(K) | TK) | ATUK) [ T (K) | T (K) | Tig
| (;1) .Nie:;Zr;;ﬁ 1 1341 | 1359 |
(b) NigaZraoThs | 811 | 845 34 1272 | 1293 | 0627
(c) NieZroTiz | 808 | 846 38 1267 | 1289 | 0.627
(d) NisoZrigTisNbs | 807 | 832 25 1288 | 1343 | 0.601

0.17K/s
=
g
S
g
:
=
S
o)
k=
Al
t N ] i ] ﬂ i n 1
1000 100 1200 1300 1400 1500 1600

Temperature (K)

Fig. 43 DTA curves of amorphous alloys, performed at a heating
rate of 0.17K/s in Ni-Zr, Ni-Zr-Ti and Ni-Zr-Ti-Nb
system - (a)NssZras(b)NigsZra Thie(c)NigZran Tiig(d)NiseZrie TiyzNbs
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Scattering Angle (27 )

Fig. 44 XRD patterns of Nigy xZraThsGex (X=1, 3, 5) amorphous

alloys obtained by melt -spun
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Fig. 45 DSC curves of Nigr xZroTiisGex (X=0, 1, 3, 5) amorphous
alloys obtamed by melt-spun, performed at a heating rate

of 0.67 K/s
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Fig. 4.6 DTA curves of Nigy xZryTiwGex (X=0, 1, 3, 5) amorphous

alloys, performed at a heating rate of 017 K/s
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alloys obtained by meli-spun

_40_

8O



Endothermic (arb, unit) —

Fig. 4.8

0.67 K/s
T.
|
X=0 Tgt l
v —
. f |
/—//
X=
- -

NiezxZr20TiisGex I

750

DSC curves of Nig xZraTisGeyx (X=0, 1, 3, 5) amorphous

allovs obtained by melt-spun, performed at a heating rate

of 0.67 K/s

800

850
Temperature (K)

- 41 -

200 950




«+— Endothermic (arb, unit)

NiszxZr2TiisGex I

1000

Fig. 4.9

1
Tm T
GO . 1200 ‘ 1300 1400 1500 1600
Temperature (K)

DTA curves of Nig xZraTisGex (X=0, 1, 3, 5) amorphous

alloys, performed at a heating rate of 0.17 K/s
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Table 4.2 Thermodynamical data(T,, T., AT., Tw', Tw and Te)
obtained by DSC and DTA for Nig xZroTieGes,
Nigy xZraTigGex (X=0, 1, 3, 5) alloys
Specinen Alloy Te(K) | To(K) | ATR(K) | T (K) | T(K) | T
o NigZranTig 81.1 345 34 1272 1293 0.;527
1 NigsZran TiisGe 739 322 33 1265 1280 | 0616
2 NieZraoTi1sGes 325 868 43 1273 1297 | 0636
3 NisaZ1r2Ti1sGes 821 880 59 1273 1295 | 0.634
7 Nif;fangng;m 8508 7846 .'%é 1;67 i289 0.6277
4 NigZraTizGe; 813 863 50 1267 1304 | 0.623
) NiwZraTiigGes | 806 864 58 1272 1325 | 0608
6 NiszZra Ts(es 310 866 47 1273 1326 | 0618
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melt-spun

- 44 -




1360

1340

®
1320

N

&
1300 |- ° ./

1280

Temperature (K)
@

1240 I i 1 i 1 L
(a) 0 ] 2 3 4 5 6 7

0.66

0.65

0.64

0.63

Tre

0.62

0.61

0.60

1 i I i 1 ]
(b) 059 0 1 :

352
[}
-
A
o
~1

Specimen Number

Fig. 411 Changes of {(a) Ta', Ty and (b) T (Ty/Tw’, To/Tw) with
specimen number of Nisg xZraThisGex, Nig xZrooTiisGex

(X=1, 3, B) amorphous alloys

_45_.




Cu Ka
—~ m 1 kN NN
vl !
o
\g - -
2 NiseZr20TheGes
a
z
5 i)
\ id
NisiZr2TisGes I
1 1 i 1 " 1 2 1 n i
20 30 40 50 40 70 80

Scattering Angle (27 )

Fig. 412 XRD patterns of Nigs xZraoThsGex (X=3. 5) bulk amorphous

alloys obtained by injection casting
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