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Table2.1 Metallic glasses studied in experiment.
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Table2.2 Melt spinning conditions

Ho-—- i LVEF—Ya ik

FIBEARZEIE 4X10® Torr 3X10"* Torr

¥ B S Ar (H%99. 9%LLE) | Ar (H%99. 9%LLE)
STHRNRAE -20£:mHg " —50cmHg
J X M BEE, WGH00.5~1.0mm ¢ | AYIERE, BBIT0.5mm ¢
MY A 2HE 0. 7~0. 8kg/cm? 0. 2kg/cm®

g - 35 - Cu (20cm¢) Cu (30cmde)
o—-5—EER 6000~8000rpm 7000rpm
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Table2.3 SXS measurement conditions

AR bV Zr-Ls | Ni-Ls | B-Ka | Al-K8 | Si—-K§8
MGETWEE (KV) 10 10 10 10 10
BILTH (1 A) 0.5 0.5 0.5 0.5 0.5
E—L4% (um) 50 50 - 50 50 50
i1 PET KAP Pb-S PET PET
AV hEE(s) | 30~70 | 10~30 | 30~60 | 20~60 | 30~80
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R (He Il ;40.8eV) X AW\ bW 5UPS(Ultraviolet Photoelectron
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B LLENIBRDOLI AN ¥ — 2Ec(Ep=40.8eV) , X EFOEH T *
WX —Z2E . BTNOHAZAINK—2E:TE23LRhHLIBRDORAT
BEHEIFoh 3,

Ev=Es-Ep-¢ (2.8)



CCTHRMHEFHBTHE, L
Mo THEFOEY T AN ¥ —E,
FLANX—HSHBETHELED
ARZ bV ERDZ ETHIZE K
NDEFMBEZEBRLET LI S.

Fig.2.5 Principle of the UPS measurement
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I(Q)=IexP(Q)"Ibaek(Q) (2.9)
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1(Q)=C-P(6)-A(6)-({f(QN2S(Q)+{f(Q)?)
'<f (Q))z"llncoh(Q)J (2-10)

SCTQIREEAANXZ PV (Q=4drsin8/A), CI#ABILER.P(6)iZ
XBROBMETF AO)ERBEF.H(QREFHRALETF Tincon(Q)
HETFHEEMAE(I> 7y RAT) TH2°%, |
XBORMETFP(6)E— B

P(6)=(1+cos®26)/2 (2.11)

TRbLENS., LLERAT/ 70—y —¢FALEBIKERR
CXMERAVIERBRTI
P(6)=(1+cos?26 acos®260)/(1+c0s?26 ) (2.12)
TRLENB, T T203f /70X -5 —DEWATHS.
BIRE FACO)BRRATRDES .

A(6)=1-(1-exp(—x)}/x » (2.13)

X=2a u/sin2 8 (2.14)
ST UREBENAR, 3 —L NN ERT,
CEFREBETLQ) itCoromer® It o TEKDHLATWBERRX 2

AWwWTEnHRhicwdazMzRkdL, 6&:#??&&&2&?&(377
Y itELIH) i Conpton-Allison®”’ {C Xk Bl Z HW .
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G(r)=(2r/7t)IQ'(S(O)'Hsin(rQ)dQ (2.15)

CCTMRIPRHBIZISISoTHE, LEALBICEXRL X S IZs(Q)

l.2sQ=sl16.5(A"YogBETLIrHUEZIRZWED 77— T EB/L
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WE—2HWABRbLDhE, BTETZIORMIEOWTRL 3,



#38 Ni-I_ghFEEcE0ETRE

§3.1 RLoic

Ni-Zr&E S ER-E B R

REARORBNLRTH) . HHkI

RO LVELCIDEWHRREBETES P ORBRDIEHHE I ER

T& 3%, Fig.3.1cNi-Ir& &
HIERTHEZEEHEZ R T,
Ni-ZrIE B E SN RTF M
BERURFHEOHRIITT
CHZ<fTTbhTWwi, 8
FMEZEMBLAR-Y X
B F 5K (UPS,XPS) e 1 KX
X8 4K (sxs)2, N KE
RO L EDRBRIZEITNT
BREhTWE, Coae%k
NDRFHEICO>OWT LHBETF
#BEF 22 XREH2T,
EXAFS®® [k D AR SR T W
6.‘ ChicthiFLEE &
BHAMEDODFEEZETIET 5
ERldrboon, HFRMHIICEI
BET Y ¥ LT HBIKRE T
MTHRHPSIHhTWE, §%db

NDHRBERUCBAGERABELCIVERHA

wt.% Zr
lp ZP 3[0 40 5.0 6'0 70 810 9.0 )

1800 -~ /

sl S$§4 | s /
1700 Z2z-2|—22-2 Z] /
1600 l l l ll l

o I
4 7
M --\ i
Y [
900 XI5 ¢5 4
X N
800 -
700 -1df=— —
600
1
= ALY e N ]
500” 0 20 3 4 50 60 70 8 90 100
Ni at.% Zr Zr
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Table3.1 Lov-temperature specific heat data for Ni-Zr binary metallic glasses

Sample r a ) Gy Te

(Nij-xZrx) | (mJ/K2mol) | (mJ/K*mol) | (mJ/K®mol) (K) (K)

x=0.53 3.58 0.134 0.0008 244 —
(£0.01) | (£0.002) | (£0.0001) +1

0.60 4.32 0.158 0.0010 231 2.20
(£0.03) (£0.003) | (£0.0001) +2

0.67 4.87 0.183 0.0014 220 2.68
(£0.07) | (£0.007) | (£0.0001) +3

0.70 5.34 0.190 0.0013 217 2.91
(£0.04) | (£0.004) | (£0.0001) +2

0.73 5.62 0.195 0.0015 215 3.25
’ (£0.06) | (£0.006) | (£0.0001) +2
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Fig.3.2 Lov-temperature specific heat data for Ni-Zr metallic glasses.
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Fig.3.4 UPS Valence-band spectrum for the Nio.as3Zro.e» binary metallic glass™®’
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Fig.3.5 Schematic illustrations of valence band for (a) Nio.ssZro.e- and
(b) (Nio.s3sZro.e7)1-xNix (x)0) metallic glasses
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Table4.1 Low-temperature specific heat data for Nio.ssZro.e7Hx metallic glasses

Sample r a [ 6o Te

(Ni-Zr-Hy) | (md/K2%mol) | (mJ/K*mol) | (mJ/K®mol) (K) (K)

x=0 4.87 0.183 0.0014 220 2.68
(£0.07) (£0.007) | (£0.0001) +3

0.115 4.43 0.106 0.0007 264 1.99
(+£0.03) (£0.003) | (£0.0001) +3

0.242 4.20 0.111 0.0002 260 1.18
(£0.02) (£0.002) | (£0.0001) +2

0.50 3.92 0.084 0.0006 285 N
(+£0.01) (£0.001) | (£0.0001) +2

1.18 3.50 0.077 0.0004 293 —
(£0.03) (£0.003) | (£0.0001) +3
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Fig.5.2 Measured electronic specific heat coefficient 7 against the content of
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Table5.1 Lov-temperature specific heat data for (Nio.33Zro.e7) 1-xHx (H=B,Al and
Si) metallic glasses

Sample r a o Go Te
(Ni-Zr-H) (mJ/K%mol) | (mJ/K*mol) | (mJ/K°mol) (K) (K)
B ‘

x=0.01 4.64 | 0.159 0.0021 231 2.45
(+£0.007) | (£0.006) | (£0.0001) +3

0.05 4.15 0.180 0.0010 219 2.32

. (£0.05) (£0.005) | (£0.0001) +2 2.51

0.10 3.97 0.186 0.0003 219 2.33

(+0.03) (£0.003) | (£0.0001) +2 2.49

0.15 3.40 0.167 0.0004 227 2.11
(£0.01) (£0.002) | (£0.0001) +1

0.20 2.71 0.181 0.0004 221 1.82
(£0.04) (£0.004) | (£0.0001) +2

. 0.25 1.99 0.166 0.0014 227 —
(+0.03) (£0.003) { (£0.0001) +1

Al )
x=0.05 4.44 0.165 0.0008 228 2.33
(£0.04) | (£0.004) | (£0.0001) +2 :

0.10 4.37 0.092 0.0018 276 1.81
(£0.03) (£0.003) | (£0.0001) +3

0.15 3.97 0.141 0.0004 240 —_
(+£0.02) (£0.003) | (£0.0001) +1

0.20 3.45 0.110 0.0002 260 —
(+0.02) (£0.002) | (£0.0001) +1

0.25 3.41 0.043 0.0011 - 357 —
' (+£0.02) (£0.002) | (£0.0001) :l:7_

0.30 2.96 0.053 0.0006 332 —
(+0.02) (£0.002) | (£0.0001) +5

Si

x=0.05 4.14 0.078 0.0015 292 1.66
(+0.02) (£0.003) | (£0.0001) +3

0.10 3.63 0.125 0.0006 249 —
(+0.02) (4£0.002) | (£0.0001) +1

0.15 3.22 0.091 0.0003 271 S
(£0.92) (£0.003) | (£0.0001) +3

0.20 3.12 0.063 0.0005 313 —
(£0.02) (£0.003) | (£0.0001) +4

0.25 2.14 0.106 -0.0007 264 —
(£0.02) (£0.002) | (£0.0001) +2
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Table6.1 Lov-temperature specific heat data for (Nio. ssZro.e7) 1-xMx (M=Ti~Cu)

metallic glasses

Sample T a o 6o Te A
Ni-Zr-M (mJ/K2mol) | (mJ/K*mol) | (mJ/K°mol) (K) (K) (mJ/K mol)
Ti

x=0.05 4.82 0.190 0.0008 217 2.73 —_—
(+0.04) (£0.004) | (£0.0001) +2
0.10 4.87 0.204 0.0005 212 2.67 —
(£0.03) (+0.003) | (+0.0001) - |
0.15 5.07 0.204 0.0001 212 2.65 —
(£0.03) (+0.003) | (+0.0001) +1
0.20 5.42 0.168 0.0011 226 2.60 —
(+£0.03) (£0.003) | (£0.0001) +2.
0.25 5.54 0.155 0.0010 233 2.58 e
(£0.03) (£0.003) | (£0.0001) +1
v
x=0.05 4.80 0.168 0.0005 226 2.5 —
(£0.03) (£0.003) | (£0.0001) +1
0.10 4.88 0.172 0.0003 224 2.08 -
(£0.02) (£0.002) | (£0.0001) +1
0.15 5.14 0.131° 0.0007 246 1.79 —_—
(+0.04) (+£0.004) | (£0.0001) +1
0.20 5.19 0.102 0.0013 267 _ _
(+0.03) (£0.003) | (+£0.0001) +1
0.5 5.20 0.074 0.0013 297 —_ -_
(£0.03) (+£0.004) | (£0.0001) +1
Cr
x=0.05 5.615 0.288 0.0003 189 —— -—
(£0.02) | (£0.002) | (£0.0001) +1
0.10] .5.48 0.275 0.0002 192 — —
, (£0.02) (+£0.002) | (£0.0001) +1
0.15 5.736 0.217 0.0002 191 — -_
(+0.02) (+0.002) | (+0.0001) +1
0.20 5.139 0.266 0.0001 194 -_ -
(+0.02) (£0.003) | (£0.0001) +1
Mn _
x=0.05 5.85 0.216 S 208 — 9.53
(+0.06) (+0.001) +4 +0.14
0.10 6.60 0.170 — 225 — 23.90
(+0.08) (£0.002) +1 +0.20
0.15 9.55 0.119 — 254 — 21.17
(+0.08) (£0.002) +1 +0.21
0.20 9.95 0.120 — 253 — 25.65
1 (£0.10) (+0.002) +1 +0.25




Table6.1 (continued)

Sample 7 a o Go Te A
Ni-Zr-§ | (mJ/K%mol) | (mJ/K*mol) | (nJ/K°mol) | (K) (K) | (mJ/K mol)
Fe

x=0.05 4.39 0.247 ~0.0002 199 1.70 —
(£0.04) (£0.004) | (£0.0001) +1
“0.10 4.78 0.204 -0.0007 212 —_ _
(£0.03) (£0.003) | (£0.0001) +1
0.15 4.86 0.235 — 202 — 3.4
(+0.05) (+0.001) +1 +0.13
0.20 6.91 0.129 — 247 — 15.99
(+0.08) (£0.002) +1 +0.20
0.25 11.55 0.065 — 311 — 8.07
(£0.06) (£0.013) +2 +0.15
Co
x=0.05 4.37 0.198 -0.0003 214 2.40 —
(+0.02) (£0.002) | (£0.0001) +1
0.10 4.10 0.209 -0.0003 210 2.10 —_
(+£0.02) (£0.003) | (£0.0001) |© =1
0.15 4.08 0.151 0.0002 24 — —_
(+0.01) (£0.002) | (+0.0001) +1
0.20 4.00 0.165 0.0003 228 —_ —
(£0.02) (£0.003) | (£0.0001) +1
Ni
x= 4.87 0.183 0.0014 220 2.68 —
(+0.07) (£0.007) | (£0.0001) *3
0.10 4.32 0.158 0.0010 231 2.20 —_
(£0.03) (£0.003) | (£0.0001) +2
0.20 3.58 0.134 0.0008 A4 -_ —
(+0.01) (£0.002) | (£0.0001) +1
Cu
x=0.05 4.42 0.197 0.0005 214 2.43 —
(£0.03) (£0.003) | (£0.0001) +1
0.10 4.24 0.162 0.0009 229 2.07 —
(+0.03) (£0.003) | (£0.0001) +1
0.15 4.02 0.185 0.0007 219 1.87 —
(+0.02) (£0.002) | (£0.0001) +1
0.20 3.86 0.166 0.0009 227 — —
(£0.02) (£0.002) | (£0.0001) +1
0.25 3.37 0.137 0.0006 242 —_ —
(£0.02) (£0.002) | (£0.0001) +1
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BEETR72NVIVLRLDPLBL FldeVOIEIC TN ENIr-B
R UFZr-SiMDBonding States* R T 2. LALNIEF LS
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|10 2 Zr-B(S1) [ MBonding Statesd B R A 7 DM A 2 F 5+
5 kWML,

i 28, X B A HEIC L Y (Nio.ssZro. e7) 1 -xHx(H=B,Si,

AD=NRIEBBEEENBEEFWHWOHELITRDHDL LN TEL,
Ho6xE ('(Nio.sazro.e7)1-xﬁx(M=TiNCU)Eﬁ%9FBF§g‘%ﬁa)g
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2)
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REMETAL.
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