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A Study on Fabrication and Properties of Cu-Ni-Zr-Ti-Be

Bulk Amorphous Alloys.

Ye Whan Ko

Department of Materials Processing Engineering, Graduate School.

Pukyong National University
Abstract

The Effect of Be addition on thermal stability, the glass forming ability (GFA)
and mechanical properties of Cu-Ni-Zr-Ti-Be alloys obtained by melt spun and
suction casting methods have been investigated by using of X-ray diffraction,
thermal analysis (DSC, DTA), compression test and micro-Vickers
hardness(Hv) testing. The Cus:Ni; Zr24TiisBeys alloy was produced in the rod
shape 6mm diameter using the Cu-mold suction casting method. The reduced
glass transition temperature (Trg= Tg/Tm) and the supercooled liquid region( A
Tx=Tx-Tg) of Cus:N111Zr24T115Be s amorphous bulk alloy were 0.611 and 49.1
K respectively.

Hardness, compression strength and elongation of the alloy were 620 DPN,
2.0 GPa and 1.8% respectively.
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Fig. 2.2.1.1. Heat capacity curves of the Zr-Ti-Cu-Ni-Be glass, the corresponding

liquid and crystalline solid as a function of temperature
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Fig. 2.2.1.2. Viscosity(n)-Temperature(T) behavior corresponding to

crystallization and vitrification of a metallic melt
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231 v AAZRF =4

19743 Chendl] ¢]&f Pd-Cu-SigF oA suction-casting & E3] 10° K/s2]
Fe WAEEqA £ mme ¥WAAFFS Az 1982 Turnbull
o o8 Pd-Ni-P-B&F oA B.0; T (fluxing)S o] &s] & FY 44
T AAgozA MAA FFS AxSHE

Fluxing& £ Pd-Cu-Si &&FolA 10 Kis9] 2o WAET oMz 4 4
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£857) AZaRt
Mg-Cu-Y, La-Al-Ni, Zr-Al-Ni-Cu, Zr-Al-Ni-Cu(Ti,Nb), Zr-Ti-Cu-Ni-Be, Ti-Ni-
Cu-Sn, Cu-Zr-Ti-Ni, Nd-Fe-Co-Al, La-Al-Ni, Fe-Co-Zr-Nb-B, Fe-Al-Ga-P-C-B,
Pr-Cu-Ni-Al, Pd-Ni-Cu-P 5 GFs FFA A HIAAZFFo] AzHA]7]
A2 T FHZole PdaCuiNinP FaellA 0.10 Kise] He Wzhdxof A
2174 10cmo] ol Ha v AAFFY AR Azegu.?
(Zis25Thi75)ss(NisaCuaehis 1sBerors S ollAl 7Hg & AT Q1 135K7F #a =
R

Peker®} Johnsonol] 2J3] WZAH  vitalloyl (vital) ZryTiaCui2sNijgBens
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=7 1 Kol BHE o] gEFzAoz Mxol fluxing AT ¢lol
5~10cme] BABFA 3rgo] ARHUY. Table. 2.3.1.1 o thek3t H3w
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Fig. 2.3.1.1. A comparison of critical cooling rate and reduced glass transition

temperature Trg for BMG;silicate glasses and conventional

metallic glasses.



Table 2.3.1.1. Typical bulk glassy alloy system and calender year

when the alloys were found

BMG System e J_ i Year
Pd-Cu-Si 1974
Pt-Ni-P 1975
Pt-Ni-P 1975
Au-Si-Ge 1975
Pd-Ni-P 1982
Mg-Ln-Cu (Ln = lanthanide metal) 1988
Ln-Al-TM (TM =group transition metal) 1989
Zr=-Ti-Al-TM 1990
Ti-Zr-T™M 1993
Zr-Ti-Cu-Ni-Be 1993
Nd(Pr)-Al-Fe-Co 1994
Zr=(Nb, Pd)-Al-TM 1995
Cu-Zr-Ni-Ti 1995
Fe-(Nb, Mo)-(Al, Ga)-(P, C, B, Si, Ge) 1995
Pd~Cu(Fe)-Ni-P 1996
Co—(Al, Ga)-(P. B, Si) 1996
Fe-(Zr, Hf, Nb)-B 1996
Co-Fe-(Zr, Hf, Nb)-B 1996
Ni-(Zr, Hf, Nb)-(Cr, Mo)-B 1996
Ti-Ni-Cu-Sn 1998
LaAINiCuCo 1998
Ni—=(Nb, Cr, Mo)-(P, B) 1999
Zr-based glassy composites 1999
Zr-Nb-Cu-Fe-Be 2000
Fe-Mn-Mo-Cr-C-B 2002
Ni-Nb—-(Sn, Ti) 2003
Pr(Nd)-(Cu, Ni)-Al 2003
Fe-Mn-Zr-Nb-Mo-B 2003




Table 2.3.1.2 The composition of representative BMG systems, their glass transition
temperature, T,, onset temperature of crystallization, T, and onset melting point,Tm,

and glass-forming ability represented by reduced glass transition temperature, T,

BMG L lnelir.ol e
MgaoNitoNdio 4542 4777 725.8
MgesNizoNdis 459.3 201.4 743.0
MgsNi1isNdio 450.0 482.8 717.0
Mg7oNiisNdis 467.1 494.1 742.5
MgssCuzsY10 4245 484.0 7279
Zr412TilasCuizsNiloBezzs 623.0 705.0 932.0
Zra625Ti8.25Cu7sNi1oBe27.5 622.0 727.0 909.0
Zra538Ti962Cus.75Ni10Bezs.25 623.0 740.0 911.0
Zr44TinCuioNiioBezs 625.0 739.0 917.0
Zr385T1165Ni9.75Cu15.25Bezo 630.0 678.0 921.0
Zr48NbgCu14NiizBe1s 656.0 724.0 997.0
Zrs7TisAlioCu20Nis 676.7 7254 1095.3
Zr571NbsCui5.4NiizeAlio 687 751 1092
Zr53TisCuteNiloAlis 697 793 1118
Pd4oNisoPzo 590.0 671.0 877.3
Pdg15Cu2Siies 633.0 670.0 1008.8
PdaoCusoNiioPzo 586.0 678.0 744.8
Cue0Zr30Ti10 713.0 763.0 1110.0
Cus4Zr27TisBe1o 720.0 762.0 1090.0
LassAl2sNioCuio 4674 547.2 662.1
LassAl2sNisCui0Cos 465.2 541.8 660.9
NdsoAlioCu1oFe20 485.0 610.0 773.0
NdsoAlisNioCuioFes 430.0 475.0 709.0
Ti34Zr11Cu47Ni8 698.4 7272 1119.0
TisoNi24Cu20B1Si2Sn3 726.0 800.0 1230.0
PrssAlizFesoCus 551 626 345
Fes188Mnig72Mo3 4ZrsNbaB24 863 935 1372
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Fig. 2.4.1. Relationship between Rc, twax, and Ty for typical amorphous alloys
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Fig.2.4.1.1. Hypothetic Gibbs free energies and corresponding crystal as

a function of temperature
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Fig.2.4.1.2. Gibbs free energy associated with the nucleation of a crystalline

embryo as a function of its radius.
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2.4.2 #4<Y 3| A A (Homogeneous Nucleation)

Turnbull2- heterogeneity7} $33] gl AF39lA] homogeneous Nucleation
of thajA Z&stAh. AerAQl 49 A¢ viscosity7} oz it
o3 243E 97] ¥ FF AA st ol AGHA HW 19|
e IWEE AT Recalescence(AMEANZ Qs Al Wzo Hsjg w
A "o ol g el FFE 2R 7] AdMe JBHS FEI] o
& Jdavt Aok

AA AAEHE AR nucleid] 8 (5) A7 2}

2

V1 : Volum of supercooled liquid
t : time in which the liquid cooled

I : Nucleation frequency/(volumxtime)

O
tlo

e Ao m2d WA= nucleid] 2 ZFo]7] YAE Liquide] ¢
Zola 7} Zofot stnf FERI WAL T Fasich
olmj I (6) A3} £}



(6) Ao wt2w AR 2y YA E viscosity7} Fobstm Balx]E}E o]
7lopet /A kel A H o] Aokt

7172)1 /30 A[{m A*SWm
o= NV g = ™

A ‘H'Hl ’ R T:TL R

n : viscosity
O : Liquid/Crystal interface tension
Tr : T/'Tm

ATr : (To-T)/ Tn

A

g G995ty A9} o]l AH.ol F3 AS,E Aok Frh.



243 Ba4<Y 30 A A (Heterogeneous Nucleation)

Evdide] gle B9t 44 4FdAe 7FEE F gioh dA ARde
B defect7} SR8t 9F ] T EAsl7] WFol B EFY siter}

g o= =9 FAE A5 39 7

o

EX . EE levitation
4L Rejstrle olFch Y A4S ] o FThE 44D mucleid)

83e gAsier Aok
Turnbullel] ¢]3}H ZAA 9] growth rates (8) 23 2t}

10\8f AT,
" n 1+ K ®)
= 10" Aﬁ Y N _
K =10 R(V)(Kn) (8-9)

A : the distance moves in each interfacial jump
f : fraction site of site molecule can be attached

K : thermal conductivity of the liquid

A 2R AFES A st dFSE AAAT HeiAe Al EA
8= nucleid] Y5 E0]aL (seed®] WEE £19)) viscositys: A &t €

A7y Ao @S F UL sited] FE FoJorwt gt



2.4.4 F A (Viscosity)3} T,2] A

viscosity7h Zthe R A o Fo] ABeA THTE AL Fsu
2 Hxe] gt AgEo g 28-St Viscosity®} reduced glass transition
temperature= U3 £ FAE 7IXEZ 2R H o]l &% (Trg; reduced
glass transition temperature) # k3t

Viscosity} Trg 7+e] #A AL (9) A% 2o

n o exp [FA/THg]  eeeeeeseessesnsnsnsnsnenences 9)
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4 N
Empirical Rules

1) Multicomponent system consisting more than three element
2) Large atomic size ratios above 12%

3) Negative heats of mixing among the elements

\ J
|

Formation of amorphous phase with a higher degree of dense random

packed

" -

Increase of solid/liquid f

Increase of T Necessity of atomic
interfacial energy ¢ 8
rearrangement on a long range

scale for crystallization

* ‘ \ ‘ J

. Difficult of atomic
Suppression of Suppression of crystal growth
rearrangement

nucleation of

crystalline phases

Decrease of Tm, Increase of Tg/Th

Fig.2.4.5.1. Mechanism for the stabilization of supercooled liquid and the high glass
forming ability for the multicomponent alloys which satisfy

the three empircal rules
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HAE g5 259 7EiAle 884 get F 7R H¥AFES V)
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3. A9y

Ao MeE AE&TZEAQA Cu-Ni, Zr-Tie] Alo]oA deep eutectic F
dg sl 2498 A4 N0 £ 24029 Bed) AT

£
3
T FE PIAE e FEE AxsH FEEAE €Y A
B
P

N

3UA ) 3HEA ol ddA 2) 74 RN & 59 Y
AR 12% o] & A 379 A5 nHydle 4V W
S THESE deep eutectic 29 WA FFS AASET o} Fig
LA E olA7A] dRE 2T B A7oA AME3 Cu-Ni-Zr-Ti-Beo
2485 Jehdoh



mmm Developed Composition
s Study Composition

Cu+Ni

Zr+Ti

50 75

Fig. 3.1.1 Composition Diagram of Developed and Study Composition.



2 A8 3 AEL Cu(99.9%), Zr(99.999%), Ni(99.9%), Ti(99.8%),
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Alloy Design

|
Mother Alloy (Vaccum arc melting)

|

| }

Melt spinning Suction Casting
Ribbon Bulk (©3,04)

| |

!

Thermal Properties & Mechanical Properties
(DSC, DTA, XRD, Compression, Micro—Vickers)

Fig. 3.2.1 Exprimental Procedure



In Out

Fig. 3.2.2 Schematic diagram of the arc melting furnace
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Chamber
s | AT A8
Quartz Nozzle
H.F Induction O
Coil Y o o
¥ spommnes | A GaS

Melt—spun Ribbon

Fig 3.3.1 Schematic diagram of Rapid Solidification Processing(RSP)



34 M= AA9 Ax

Blad HZd gAH5ol 58 CuNi-Zr-Ti-Be 249 FFL Suction
Casting A8 2 H7o] 3-4 mmel AV E Cu-moldd] o= B 7oA
3 %, §%& Suction &t B9 AEE AZRSIAT Fig. 3.4.1004 A
AHEe FAA 3mme] BA4e Az 753 Cu-mold AFFS el LT} Fig
3420 M B44S Az3ted AFES Suction casting XY AFEE U
B At



Fig. 3.4.1 The Cu mold of suction casting equipment

& 3 mm bulk amorphous alloys of cylinder type
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Chamber
Tungsten Tip
)
Cu Hearth
In Out Cu
Waler Moald

Suction Direction

Fig. 3.4.215 Schematic diagram of Suction cast equipment
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3.6.2 A RQARA

AZAHS]  AAM LT (liquidus temperature, Ti) 2 AN L E(solidus
temperature, TS 2A3}7] Ydt] 129Gl 600T ~1300TC L5 9o
Al DTA(Differential Thermal Analysis, DTA : Perkin Elmer DSC 7)& o]-&3}
9rh. Ded AEe WA Azn wa ABe Gug e 2asdc
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3.7.1 $¥= A} P (Compression tést)

Fol|7}F 50mm Z7Zdo] 6mmel &

=

3=+ Instrond A
2 o]g3td 1x10%" o Wy

sez 2389k

372 vlA Ax AY

329 ARZHE v A% 7](Mastsuzawa Microhardness Tester, MXT-7)S

o] &3t 7tgd HAANAE 500gfe] dFS FHA FAALES

1552 3l
243tk B4 HaA e gEe YA Rz JFNESE {FA 5
AEAE L HAlgEt RE AES 109 ol 2Hste Huga Ha
#e AYF YA Begs 4

NE Fastanh



4. 4943 9 n 3

= A7 @M MFAAM AT A} Zo] Cu-Ni-Zr-Ti-BeA Sl Bulk H)
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Table 4.1.1 Atomic radius and crystal structure of Cu-Ni-Zr-Ti-Be system.

Elements Atomic Radius(nm) Crystal Structure
Cu 0.128 FCC
Ni 0.125 FCC
Zr 0.158 HCP
Ti 0.147 HCP
Be 0.114 HCP
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Fig 4.1.1 Cu-Zr binary phase diagram.
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4.2 CuszNig.xZnTiisxBeq, 2, 341 &
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Table 4.2.1. Alloy compositions and characters of CusiNie.xZr2:Tiis-xBeq, 2, 3) system.

(Unit : K)

Composition T T, ATy T, T,

CugNigZr,,Ti Be,| 719.6 | 758.0 38.4 12932 | 0.556

Cug,NigZr,,Ti, Be,| 690.6 | 760.9 70.3 1290.7 | 0.535

Cug,Ni,Zr,,Ti, Be,| 6920 | 7563 | 643 12860 | 0.538




0.67K/S

Cug;NigZiry, Tiy g Be,
2 | Cus;NisZr,, Ti; ;Bes
=
g t
E Cus;Niy Zry, Tiy s Bes
= t

1 [
600 700 800 900
Temperature(K)

Fig 42.1 DSC Curve of CusiNic.xZrnTiisxBeq, 2, 3y system.



Exothermic —

0.33K/S
Cu.53Niﬁ ZrzzTils Bel
Tm
Cus;NisZry, Tiy ,Bes
Cus;Niy Zry, Ti s Bes
|
1000 1100 1200 1300 1400
Temperature(K)

Fig 422 DTA Curves of Cus;Nis.xZrnTiisxBeq, 2. 3 system.
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4.3 CU.45+XNi 1 3-XZI‘24Ti 1 5B€3 ﬂ] @"E,L

4128¢ oo Be %2 A7t H9S W Y 958 GFAE de &
AEE 49 AT Ja%Bed WHS A F AHY Cush Nig} e 2

O

7] 48 Zrzh Tiel S zhzb Qdolo] zk 24at%, 15at%= TLAA AT 9]
o Zr# Tie] @2 o8 A AFEH doF Adoln, A7 AN
el Cust Nigl g Z7] Y3t delg gholg Agich

Table 4.3.12 CussNijzZrsTisBes A9 Z2A# €34 EAS JeRY
At} Table 4.3.19] ZA-& Cu moldE ©]4€3 Suction Casting 3+ B3} ©39)
%7 Bulk AR5 A ¥ojA BA}F Bulk A& Diamond Wheel 2 Al
st o= 0.5mm FAZ AT 2 DSC A4S &Ytk Fig 43.1&
CugsexNiisaZraTihisBes §E2 412 DSC FAolth ZE XA A faHo] &
F @ Peakell 93 AR EFS #AIF oD, Cu FrlFo] 215t
e}t Tg 8] WshE Cud] #Hubago]l Ad AL 45a% 4 W, /1% L&
738.73KS YEHUT Z2v WE e Fo|= ofF wn] dgon, d4F3
Folg YeliAle &yttt ole AAFERI 23 92 vrAo] H£E Cu
S} Niol 435 AL Tg 3o W3/t HL ojf2 F4o] Hn, A 249
HY A GG H(ATx)o] 40K o] oz o, e Holexdl Trg
U= dEEe] 0601402 HmE Ee & Ul Fig 43.2%
CuasixNiizZraTiisBes &5 A42] DTA 42 Uellidc}h Fig 4320049 2
o] Cud] H7}go] S7tE+5E, Niol #A7t#Fo] ZATFE §H(Tm)e e
sttt Cufl FH7b#o] 53%Y W §3Hol F5Tde BESAUT. Table
43104 A 249 ATxs} Trge Hlw3 ¢5stgom 1 £ 5lat%Curt
e 240 HME 02 249 ATx7 Bk Hoy Tme] wo}l Trg e
doFOR &8 F9l sk

|



Fig 43392 CusnNianZruTisBes a4 XRD 84 gt
45at.%Cu, 47at.%Cu, 53at.%Cu L] 48~50° RZo|A AAHA =7} #He
AL A & F7F oy, g 2 do] ofel v A Matrixel] 27
Aol EAElE AeRE AlEHUE S Fig 43304+ 49-51at.%Cu A
45~50°Ato] | A BIAF Ef9 Halo-patteno] I HolA |, 4 #AFA

FEE A F AU



Table 4.3.1, Alloy compositions and characters of Cuss«Nij5.xZ124TiisBes system.

(Unit : K)

Composition Diameter T, T, ATy T, T,
CupsNiysZrTisBes | ®3 Bulk | 738.73 | 797.05 | 58.32 | 1280.8 | 0.577
CuyNiy1ZrsTiisBes | ©3 Bulk 723 789.65 | 66.65 | 1198.2 | 0.603
CuggNigZrpeTisBes | ©3 Bulk | 709.13 | 783.18 | 74.05 | 1180.3 | 0.601
CusNizZroTiysBes | ®3 Bulk | 721.15 | 777.63 | 56.48 | 1184.5 | 0.609
CuggNigZroTiysBes | ©3 Bulk | 718.38 | 767.45 | 49.07 | 1196.7 | 0.600




: . 0.67K/S
CuysNiy;7r,, iy sBe,
fT,,
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| T ;
i C
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Temperature(K)

Fig 4.3.1 DSC Curves of CuasNijaxZr4TijsBes system.
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0.33K/S

CuysNiy3Zr,,Ti, s Be,

Cuy,Niy, Zr,,Ti)sBey

CuyoNigZir,, Tiy s Be,

Exothermic —

Cug, Ni-Zr,, Ti;sBe;

Cug;Nis Zir,, Ti; < Be, N

i L 1 . s

900 1000 1100 1200 1300
Temperature(K)

Fig 4.3.2 DTA Curves of Cuss.xNijz.xZr24Ti;sBes system.
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Fig 43.3 XRD Curve of Cusgs«xNij3«Zr4TisBe; system.
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Table 4.4.1. Alloy compositions and characters of CusNi;Zre.xTixBes system.

(Unit : K)

Composition Diameter T, T, ATy T, T,
CugNi;ZrgTigBe;| @®4 Bulk | 718.38 | 779.48 | 61.1 | 1238.6 | 0.580
CugNizZrTi;Be;| ®4 Bulk | 711.9 | 771.15| 5925 |1219.0 | 0.584
CusNi;Zry;Ti,,Bes| @4 Bulk | 720.23 | 774.85 | 5462 | 1185.6 | 0.607
CusNizZryglioBes| ®4 Bulk | 727.63 | 785.03 | 57.4 |1231.1 | 0.591

_63__




Cuis; Ni, Zr Ty g Bes 0.67K/S
T
CugNi,Zry, Tiy,Bey
L t
§ Cus)Ni;ZryoTihoBe; - -
2 t T
& |CusNiZry,TipBes o 4]
’ C A
8
IRt
i
.
L N 1
600 700 800
Temperature(K)

Fig 4.4.1. DSC Curve of CusNizZrio.xTixBes system.
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Table 4.5.1. Alloy compositions and characters of Cuse.xNij Zr4TijsBex system.

(Unit: K)
composition Diameter Tg T, ATy T, Trg Hv
Cugy,Niy; 7, Ti; s Beyg »6 686.8 | 7359 | 49.1 | 1124 | 0.611 620
Cu,,Niy Zr, Ti s Bey, P6 689.7 | 729.2 | 39.5 | 1134 | 0.608 611
CuseNiy, Zr,, TijsBey, | 6 693.6 | 730.1 | 36.5 | 1143 | 0.607 | 605
CusgNiyy Zry, Ty sBey, »6 691.8 | 7253 | 33.5 1151 | 0.601 607
CuypNiyy Zry Ty sBeyp 6 702.3 | 723.8 | 21.5 | 1168 | 0.601 608
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Fig 4.5.1. DSC Curve of Cuso.xNij;Zr2TisBex system.
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Fig 4.5.5 ©6 bulk of Cu:Ni;1ZrsTiisBes.(suction castings)



Fig 4.5.6 Vein-patterns of Cus:Nij;ZraTiisBeis(®6 bulk, after compression test)
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