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Abstract

Metallic glass (MG), as a relative new member of glass family, offers novel
mechanical, magnetic and electrochemical properties and has perspective potential
applications in industry. Its unique nondirectional and densely packed structure
provides an idea model system for studies of fundamental problems in condense
matter physics, e.g. glass structure, glass forming, supercooled liquid behavior etc. It
has been at the cutting edge of material researches for decades. The phase transitions
in materials closely correlate with their structures and applications of switchable
properties. The polyamorphic transitions in traditional amorphous materials have
improved and extended our knowledge of amorphous matter. Generally, polyamorphic
transitions occur in open-network glasses (coordination number < 6) linking with the
structure fluctuation in their relevant liquids. Thus, in principle it was thought that no
polyamorphic transition would occur in MG because of its non-directional densely
packed structure. In this thesis, by applying the state-of-the-art in-situ high-pressure
synchrotron x-ray technologies to Ce-based MG as a model system, we discovered the
polyamorphism in the Ce-based MG, as well as its underlying mechanism, and the
emergent properties accompanying with the polyamorphic transitions. The results
from this work also promise a new material synthesis method under high pressure in
polyamorphous MGs. The main results are summarized as follows.

(1) With in-situ high-pressure synchrotron x-ray diffraction (XRD) techniques,
we investigated the compression behavior of Ces;La3;AljNisCu;s bulk metallic glass
(BMG), an amorphous-to-amorphous polyamorphic transition was discovered in
BMG for the first time. Using in-situ high-pressure synchrotron XRD and x-ray
absorption spectroscopy (XAS) techniques, we experimentally confirmed a low
density amorphous (LDA) to high density amorphous (HDA) polyamorphic transition
in a binary Ce;sAl,s MG with high Ce concentration under hydrostatic pressure
condition. Densification in this novel type of polyamorphic transition is dictated by

the Ce 4f electronic transition from localized to itinerant state, which causes volume
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collapse. This transition is fundamentally different from the normal structural
polyamorphism, in which coordination number changes and topological
rearrangement of atoms occurs. These results in MGs extend our understanding about
polyamorphism and may promote the searching for polyamorphism in other densely
packed MGs, which could have pressure-tuned electron transitions. In addition, it was
found that the pre-peak in the structure factor of Ce;sAl,s MG showed less
compressible behavior under pressure, which may improve our understanding of
pre-peak in MGs.

(2) Combining in-situ high-pressure and high-temperature energy dispersive
XRD with in-situ high-pressure, low-temperature, four-probe resistance and magnetic
measurements, we investigated the thermodynamic stability, electronic transport and
magnetic properties accompanying the polyamorphic transition between LDA and
HDA in Ce75Al;s MG, Compared with the La;sAl,s MG sample, the change of
properties was determined to associate with the 4f electron delocalization in Ce;sAl,s
MG. To the best of our knowledge, this is the first time in MGs that a pressure-tuned
temperature coefficient of resistance (TCR), composition and magnetic field-tuned
magnetoresistance were observed to change from negative to positive values. These
obtained results will trigger more studies to discover polyamorphous MGs with
interesting properties and potential applications. Moreover, they could be an
interesting model system for the investigation of 4f electron behaviors. Additionally,
we conducted the first successful in-situ high-pressure XRD experiment at the 15U,
SSRF, which revealed another MG system having polyamorphic transition under
pressure and minor alloying, e.g., Si, could modify the transition pressure and
properties of LDA and HDA MGs.

(3) Using in-situ high-pressure synchrotron XRD, we further investigated the
high-pressure behavior of HDA Ce;sAl,s MG We discovered a crystallization of a
new face-centered cubic (fcc) solid solution alloy from HDA Ce7sAlys MG at about 25
GPa. Normally, the Ce and Al with big radii difference (28%) and electronegativity
difference (0.45) could not form substitutional solid solution alloys according to the
Hume-Rothery rules. Synchrotron XRD, Ce L;-edge XAS, and ab-initio calculations
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revealed that the pressure-induced volume collapse and 4f electron delocalization of
Ce reduced the differences in atomic size and electronegativity between Ce and Al
and brought them within the Hume-Rothery limit for substitutional alloying. The
novel alloy remained after complete release of pressure which was also accompanied
by the transformation of Ce back to its ambient 4f electron localized state and reversal
of the volume collapse, resulting in a novel non-Hume-Rothery alloy at ambient
conditions.

(4) Utilizing in-situ high-pressure synchrotron XRD, we discovered a novel
pressure-induced “single crystal-like” crystallization in Ce7sAl,s MG at room
temperature. The transition was very fast and the crystalline fcc phase showed a fixed
orientation with the starting Ce;sAl,s MG ribbon sample, which was confirmed to be
attributed to the intrinsic structure of the MG ribbon sample by many diagnostic XRD
experiments. High resolution electronic microscopy and high resolution XRD results
showed no inhomogeneity or stress existing in the starting Ce7sAl,s MG ribbon
sample . With the help of ab-initio calculations, we proposed that some kind of long
range orientation structure was inherited during the melt-spinning synthesis process of
the Ce7sAls MG ribbon sample (possible some kind of cluster packing orientation).
The pressure-induced “single crystal-like” crystallization in CessAl,s MG may not
need diffusion process, rather collective adjustments, thus the hidden long range
orientation in MG ribbon sample was awakened by such a transition to a single crystal.
The origin of this novel phenomenon is not clear yet and needs further studies.
However, these results obtained showing a novel type of pressure-induced single
crystal-like polymorphic crystallization in MG, may promise a new method for
synthesizing single crystal materials with controlled orientation from non-equilibrium

systems.

Keywords: polyamorphism, metallic glass, solid solution alloy, crystallization,
synchrotron radiation, high pressure
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MR T RAIAEZ, (10t AKE 4 BEEEERA, A AAEE N TH
FANGE — B RS L, R — BT R R 21,

1TPa

1GPa. n—

a ¥

XL v Liguid |  © [ |
- L e

g /JM-M Y

2 MPa 1 7

i : Ic i | Ih L~

et : E e

o Exi /
: | 4
i Solid | /

1Pa| /

0 100 200 300 400 500 600 700 800 900 1000
Temperature (K)

B 1.1 H0 #iE -5 A 4e U
Figure 1.1 T-P phase diagram of H,O!'").
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£ 1935 4F, jn e K #9 Burton 7 Oliver # 3 4E A K S 5 E 2] 118 K #47% £,

REFF X HEATHE — KK T WKE 3 & A M (amorphous solid water,
ASW)!M BB AT a3 B B A BReA 0 BUR TR AR B 3F B A VKEEAT T — R 7
JF o G A W FAR A R AN T A B SRR fod R G AR KL ASW
Wt fot R K AT B K E. Ak, HRENERZHBHIO,

1976 47, Narten <F 38 A& S 2R EAKH 10 K )R ERERE, RILT —MH
WS A K 1.1 g/lem® 4F & A4 (high density glassy water, HDG ) 2%, 3x .3 A
HRF—RRIAT KPR ZHEAL. 2| 1980 4, H3F| th Mayer fn
Bruggeller & A £ % & TA 5t 4t A% HORPH 2V — R BB RSA (BKRH
WK ) BHAH(~10° K/s)H K T 3k 5 & B WK (hyperquenched glassy water,
HGW)™ 24, £ & # McMillanF0in % K 8 Johari®4 A S B 2 T X A ASW
F0 HGW 3F & AR B384 R 8 E h 113-148 K, #—H#A T e 163 38
AEM, TARNKBEME. ASW fo HGW W 290l fi A, 2R @ 3R
Ko AMIAEIEAVELRT 23, H—db X 4 & frp FATHPY 4 2ok
PV Rt N BN AR, Bk, AMMTRARETEFREF, K418
HOY, mFESPISE R FEAE RS TOK LU 448 7 DU 4 B A s k. 3|
1984 48, FR UK T A B0 B A0 E f 2 8 B A 5 M, H A A Mishima 28]
RN AR T SRR TE 77 KGR T AmE 2] 1 GPa “Xfb”, #E#E 77K
HEZ®E, B —MHAHNENRETEZEKT —HFNELSK— “BE
FE4E & A” (high density amorphous, HDA ) Bk (ZE%JE T 100K £4 % E 4K
1.17 glem®). )& 5 Mishima 4 & 38 3348 5% A ACH o & 2] 0.5 GPa A3 H 8 A
AR E T XA HDA kPO, e ax A g 5 2 3k i AWK H E TN 77 K A
#2117 K (2.6 K/min), XA HDA WK ok T — A5 A0 3 & S0k (PRI
W IRYE 2 22% ), XA AE @SB KRG RPN “HREZERS” (low density
amorphous, LDA ) HjUK ( % JE %4 0.94 g/em®, Handa ZP7W & 73X # 07 3% 61 & th
LDA VK335 8 B JE T, % 90-136 K ). )5, Mishima %547 LDA W7 77 K AH
JE A E E| 4 0.6 GPa, ME | T & /7155 th LDA k3| HDA WKkHy “— Fta % ” BY,
A4h, AR A EAEE AR AZ T LDA kAo HDA YKAH 4 F 6 ¥ 3 5%
2%, X R — R R W 7 ik NEAR AR T — AR R AR, S A



R R EZI 2B

ZETHMEZAFANERSKZEAFENREAENFRE —REE, X2
F—RBETFRAIMFFEEEFEHA —FAEE 0 X ghsh Ay R
WL T AT AR A FodE & £ 0 A R SRR F B M BT K EF TN F
O, 3 —F Tulk F 3 X ST 4 A h TATSF 49 % 7 HDA KR K &
tiE A, KT — AR o ] % JE & & 8 UK (intermediate density amorphous,
IDA)*). Loerting 4473 3t £ 45 K 1 #1%| &%) HDA JK7E 1GPa £/ . BH#T
BEU BBk, REEAERKEES 77 K Fo¥ E THE5| T —f b HDA WK%
BIR A 7% (1.25 glem®) By 31 5 % & 3E & A UK (very high density amorphous, VHDA)
431 Finney %@ 3t of FAT4 90 2 73X A VHDA Jkth HDA LA B & 3 A 5%
FE(REAMWE — AR SN HDA # 5 ¥ s VHDA # 6), K37 —M Ity
A& 4 AA AL, 3F ELIA N XA VHDA VK th HDA UK 7 86 B 52 31 18 55 B o S K
Hy#EH . B B HT X VHDA K& & B2 —fHi A E 2wt Johari™ 14 i
B, RS RAFEENE, AN FTUK A E 4 R E HDA vk foif 3t LDA WK in
JE 4 Rk H] HDA vkl 7T A2 [/ — MK, Guillot %3 343 411 534 8 HDA
UK Am 4 % K LDA VK A2 ¥ R — AN SR AR, T EAABR T VHDA
fn HDA WK, BV £ o R A Bk ey 36 & A (22 Angell Ay i1 T3 &
SE-METHES, BN Ehd TR R )G 8, w18 55 Foi gk A
F L HA B 8 B &R A (configuration states), {EIX Bk A H SLH 6 B TR — /NS
% 75 ] #y [6] — A (polyamorph megabasin)!"- 3%, 7 i fa] 28 832 = A1)3 K A 6 A
RRFE W H E&& AT EEELRREGSKNEN BTG - L 2R, —&
W EH & AP AN R ARG s e s S, B L8 10 W
FTEMEXRZ WA 12 .

A TRERF LA — R THERLZHSAZOGNE, AMITFETRKENH
B b A0 LI E TAE. 3£ B 8 Bosio % A Fil1d X 4 & AT 4 1% 2| HDA 7 LDA
K BB BB, A1 A D HDA KK R E h TA-A8 A~ Ew
AP, e Kty Tse £ RR S F A FEAUHE, TRAER-AHATE
WA, ANEMET (<136 K) TEZ E-TRBMNE T &M RRE K T K+
W E-E R & 2 WAL, Z HTH Brazhkin i A FHANE T
HDA Uk %| LDA KX B8k f 5 W SR AR P E, XA T ERR LA
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High density - High den5|ty% Supercritical
crystalline ices ~ liquid water = water

4 4
*0.2 GPa| 77 p;l\, 0.1 MPa *0.2 GPa =22 MPa
] then —160 K
L >200 K
— " lceIh Liquid water Vapor
PR T

7TK 220K H>231 K
~1GPa \

Supercooled water

130 K
TITK
10K
Ice Ic T nreachabia

/ 160K -+~ ‘no mans land -~
160 K TTK ™ Dasnlv clbaro: 113 K
0.1 MP2Y 1 GPa Deeply supercooled HGWE ASW

liquid water ¢ 4 mpa 77
130 K 0.6 GPa
/ 136K \ §‘
120 K, 0.1 MPa_|yp 0.1 MPa / >120 K

HDA DG
77K,05 GPa
77 K —12T K
0.1 GPa
VHDA isobaric

B 12 H,0 W4 X R, 6 R70R TARED,

Figure 1.2 The relationship of H,O phases, metastable phases are shown in blue
AR ERAILE, ATAA XA & 20 SRR b T 7 T3 Dk ki
ML S 2P, FHERSEMTUFER Ak ORSEHM, Bl HDA W
LDA WK 8|ty 3k & £ 7 SARZHEARA o i 5 A KO S F ia L, Afl
ATTZE S T AR KEMNT REBKF A& S S RAIE N R ®AE
7 2 i AS AAT A W AR Fo i A B A £ A = A B R A A TR AR AR A

(1) Speedy # ity “F @ MEAR R FAEBALT, AN P-T A E A KT 44
R — 4% e 7 (spinodal )i E 7 4 ( S0 5 R AP AL A K KRR A )T FIE,
B 77 2 A PEARIR . B2 B SR H S 30 A 322 o A8E A0 TA X AN AL S B o 7 3
(FEEESE. FRREMIY KRB 228K i £ H AP Tk A7,
(2) %R A (percolation hypothesis)® !, ix b A 3E A U F — b |l A5 %
Be (Y KT AR AL B9 B 8 % (Bl AR B 4. A A BRI AR S % B TIR
AR A 9B 2, XAARA W RGO T RN S RE R, W2 —
T o B BUKE 228 K HILH A AL, {82 A HDA vkAn LDA vk = [a] #
@ EHWIMER —MMBEIAR, AR —FEE
@i%&m&%ﬁﬁﬂmmaﬁ#&ﬁ%%mﬁﬁ&%mﬁmmmmmoMT,
TR AR T B AR R B AR AR A i A AR L R B A R TR R
T E %&ﬁEﬁE”‘A%R(QmK,mMmLEﬁﬁwﬁﬁuT,ﬁﬁ
A B TARE A S LUK (LDL) A0 & & & 56 L fUIR(HDL). T 7 9 Al 5 PR3k

[55]
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YA, H 2 ALT AR L 8 B MR S BR G 4, T IE R SXMRA B4 B I B A
3 Ak T KB AR RO M . A X MR B LDL A0 HDL 4 & £ 0 & 3t 2 B
A HDA kfn LDA WK [E 63 & 2 B SRR E. A AfZE AN ERSK
O B A i R R,

BT EIABMERAKEEIRE, RED K ERL, XEFELL FHE
G AR WA R ZEF AN s R 3% B 4. Mishima 8 1$75
WO B JE SR R AL SR I R T KRR — R R e . R
HRIIA A XA HDA 2| LDA Z A #) — R EAFE, LA R —MEHGoE
ST A F 2 F AN WL SRR A AR T B A SR
KT Z B W BAER, AUfngT 2 6 6 B i A K, T B fn i 6 & 1] B
XU, ME W RARRE L EMG KT ZEERS B, HEERA R
- HMENEAEA X RBENES, BREXA ST2P% @it Han
TR B AR S B, 7K TIPAP sk % SPC/EV 4 o8 4 o 1 B4 73 4 M 5 K
BRSO, BARB DR T3, R AMEF U LOBEARE TR
% AR R BOALE 0 Y B R, Ao 3B AUAOR R Y F A SRR N Hed b B X
500 S HAR KT A F R — AN 5 4 F B B AR ( Walrafen pentamers ) *'),
T X3 38t % R ] R o B R R S R BT R AR L X R O B S R SR R, B
HYFRAE T AR B B A RO 528 ax b TR AL W 4R W A AR T AT A K
fE, TLF LRKEERR L, £ AR R AL, RIRFRE, UKATE HH
b FH U E Z AN EREAREEEREN. BRI WAL, &5 FUUR
AEE, RETHER R YT KN EEEW R ZH S EINELLZRE
2, L2 THHNRANRNFHMSAHERETES TR EFFHSFANHR
A S A E EE S I A SE B 5T R R I ax  je]  H,

12.2.2 WEFHAFNAERZHSHEL

SiO,. GeO, F 3 WL K HAth — S 3 3 41 T 48 As,03. B,03. BeF. ZnCl,. GeSes.
W A B AR A W AR B B AR N SR G A, AR A R
S &M A BN R 2 AP, & B 1984 £, Grimsditch & KA AL E
JEAT RN AL T Si0, FH A B F A 10-17 GPa K& T A # K
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T, MR AEMET THREL TR EERNEN LA R LR, BE K,
BESWAER SR EIRES, AAEE SO FHETHRAEFRZHAIAL
HAEEPS P, T GeO A+, RMM LI AL WAL ZE], Smith FRE T
— M S AR 2T A RN R GeO, B B 0 £ A I L,
AT R AL F LI, AMIXAEMET, SO o GeO, A A — M E
F il SiO4 1 GeOy 19 T A F AR 3 TT 41 ik ty FF LM 26 254, 4w/ %] 8-10 GPa b
b, BRALHR ARG i, BEA AT R — A 6 BT B W 4 £ A0 0% 1001000
AT A% (MD) B, HIESE T S8k Eay kg 07, T Hoax gl a5 & of
JE N T AR R 2 A R A ANAT A BT K, A ARA A T Ak B ZE AR R MR
WO R IR B 0 R -k A0S 1L e R B A R AR R S A R AR
R TN R E T A EL L RERFEL". Aasland #2 McMillan % %
ALOs-Y 0 HHAR R F WAL E T ko —B, BREEME 4% /N JUHHE
MR PR AR P ik, I LB T WA L B 4 TR . R B R i A
WD T B EERRAEE LR R AL, B RREEE V.0, 28
KPR D T AR, RS ER A ERKNEERE., 46 X H&fHFAr4, WU
BT B, KA THMFERSHNENEZRETERE KA ELEE T
B UK YO, 1 AlOs £ ERE AR T AW AR, AR P FENRREE
HER I RS HANE T AR AT,

1223 EFAPHR-TERZHAHEET

& GIAAN, TR HEE & 7 o B o 0 A T St o 4 R 45 A,
DA KT G EREF—RE. BREX, MEAFRIERTLIAT TH
HEREZBE—FAE, BB TELFHRE T RET TRAER-RERSZH
AAL WA, 5IAR T AN 2O S  ANIAE S EWEE T S, Se.
Te. Bi. 1. P. Si. Ge 5 2 FUMRO L. REURBAEHRAEENTH
BRAWERE. BEEATE, AMIA XS RE b T 5 6k 4 16 #9 M RL 0 7- 7K
A7 5 BP0 OBk A7 R R — AN R [F] R IR R DR 7 R
BATE, PO A RALH 24 E R, —fACF b B4 0 WA A g Y,
bR 3R B AR R B A A JLAMR R BB S I I 3 - — R A R B A



R R EZI 2B

T, BRMMRRMAEEV, AP LHTIE.

KEW LI R T AN FIEE 159 °C S MM R4 kN
BOL 7 g By my — A0 ) A, AN RELREE N Sy o TR S B K
R AW RAREER - — BAE K. fER Winter SR FAT4, KIfEMEH
VAR WEMEREEN, ANEMERE NEAEKR THEEETHT
Wy iz 2h o Rk R gy = o & P,

BlAWBPEAL M TN EHALN, FANESLA PN HEHKLE
HH¥TT, EZR| 12GPa 2 ¥ T kA BMERBREN MRS, AR —MAF
AR, BRI MBI ERS S EAA LA a4 £ 2000
B, @It RALH R A X A EATH R R EOR, Katayama &K 3L T Bk
BIREULE 1.0-1.2 GPa E A TAAE T —MEE EHARSE &S ERERS (FE
B 40% 24 ) W3- — AR RN YL O B AR AME R R R AR
% (MJE 7 ) W IH AE #3073t 2 HUAR P 7 7 o 16 7 A 58 B 8 40 1Y e 4 3
#, R A P A B SRR — R Py TRUREE, E R R
Py FZ MR E RS, HRT —MEsEANREMME&RE xi gk
TR NN = 5 — AN T B | IE 52 oy 7 A B A XK AR B B B IR 2 B - —
FAENL AR5 R I F R, EE AR R AT U AR
s R L b, BT DUR — R R ARk A (fluid state) T A~ & 453 A (liquid state)!'**),

F b, RFE 1979 4, Ferraz VPR T EH(C)F T A F ER-RAHE. 3
1997 4, Togaya %% —RKEEH R T A7 F N a4 & 4790 K, 5.6 GPa
WY —AMRAME, FEBAIT RS C ERAEEE A7 A I Py
BHREA A, BHEVTHRA C P R AR Z BB, ([BR%
UM SN LR, BE, £ 1999 4, Glosli %R A Brenner 4% ) #8%
Ryt ZmHUNE — k@B BT T C PHREENR-FAH TN
DL A6 B8 JE SR o sp e Ah E 5 A AR o sp? EE B I SRR B R
Wu FURIR R G —MREE, AR R-BARNEE, ANE Glosli
ERAGEBSHTHEA. P, BECHREHFER-K—FAMEEREA W,

A & S Sifn Ge BIREA W EARBALE W & 24, i1 T2 & Z 0¥ FEM
o e R ARG AT ) 2 eyl &0 SiE R oy k- A R
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B TR B ARNE R N “TREA” #EAL (F&EA S hEAH
Wi EAK 200 K 4 ) T4 kgl {82 b F Si v Ge R hIE ¥ B 5 A
HABFER, FUXT Sifr Ge BAREDARMEX Tk EENR-RELR, B
RARLHp TERE T FUOY, BR —HRAHENEHIERE. T —HoA
A FE AR L B 3F B RS B AR, R SR E b AR R e AR X T E L, BT
REEFGANSifGe BRFHENFFNBETHERE, HERHRRFET
FRAINAL, POANREEEEZHAMEHKRE, ERERNEMLEHE X
HEATRAIN T HE G T8 R TR ETE 10 GPa £A K £ T o # 834 & 4k
A5 AU, Deb FEG KRR L FLaE B AL B vk B K4 10 GPa X 4 T
FmAsT, MR EER R LR, EETRE—MAHANERSERK S 4
HHEER 5GPa b, #AKEETHEEIERSERSH BF T EFESER
Si FHFREHAMEAL, Ho4h, BHLF LN EA X FETHER,
McMillan % % 37 %3 4F & S EREETE 14-15 GPa B, 4k & — N RR K&
(H %4 THI R, TPANEE TREMEEEEFASRERANS
AR &AM AR RO PN T ah f F I E AR R0 4 RO N & A EK Si
WREESTEER 4AWMMANEN, MEHETAHIT 5 WALEE 6 LWL
M, R T BEENEESERS SRR IHSHEH R, A S
AEK Ge W9 LWt KT KM AER S H AT HIL! D s g F ik
i A Sifn Ge ' K ILWAE @ S0 S L A TR T Sifo Ge AR ¥ Gb 77 72 6y
W-BAE, BINENEFNERZH A EE - LEREL T GeSe,
o, A7 Y,

ZL, BMRGNARERRI, BAFRTREAER S HIHENERZE
HAVIE R RS T B AR T AL W 25 AE A (LR W EAR e B ) 1,
WA AR R — AN R AT R KA I ET, (BRE S R
BRARE, SIEBERTAHE. a8, ANEEEYRnEMuR. £ 58
Yo U ® = B (triphenyl phosphite, TPP) # X BT LKL %
USS1 B B e ok ik £ E R K- & 2 A0 & A AR % 2 8 8 8 R B 1K 0R
EMRE I ARG X TR S I WHIEL LA G — — Ky B R o
WA, KB EEENERREE, FEESRANNFR.
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B R

13 & B3

130 fFazeBoss R LR &

EMREEMRE S, ASR—MEMT2LFHRE, BSUEEAKE
THENHENNHT S, TESSERBESEN, BREEH LA TASA
BAZFEN — MR ERS CHREER S0 WA ERSER), w118
PO 24 3 A R KA T, (B LN R T 18] BB 0 98 B 9 20 B R ey 3k
b EERAF, §LNERSERLEESMENYIEE. KENAIR N
— s DR . 3 (glass) X AN ILALIRE T F B BHR Y HL T 3E glesum, B EE
HU AR, IR, B A DR R P A A5 B i AE & A E R R
P8 4 B 355 (metallic glass, WHEMBR AN FREEEL), REHLETLEFNLE
J A B AR Tt BRI A 15 B W 4B M B R o S R RO,

SRPBH AN PR —F, A TRANFHRSENTRS. BUELEH
btk Gt w7 v Al A R AR 2 B BN, Rl LT 4B
MR Y ESE B, FHIAATAN & BT T R AHH R BES, BAERT
S5, BE 1960 4, EE A MNE T Duwez 1% 01 T — MK o o B 4
AR (10°~10°K/s), F| JF 1 fr BAR 8 — K38 B HRABRE T AussSias 2 BH (T
FHFERTETFESW), HLIR T 2BEHNA R, EX w644
BB RANEEALEE 10 Kis UL, it &mesBRmERLR
20-60 um JE B A HRAE R, FERR EZ R TIRE. B EHE 80 R K, HAKR
A% Inoue RAMA"H KT ZNAARE NHBW RN Z T4 B H
A, PERAHEEEMET 100K BERER, HEE T —27ERRT#
B ERRGEBEHE, 55T KRB HREE R (IERR+E2 1 mm M
A BB R AN KR ABEFEE ). 1993 4, X E v T Johnson IR
FRANIFE R T B Y B BRIFH Zea 2Tins sCuinsNijoBen s LG KR4
ByE, ElERANEFEH - FHMERT 1Ks A4, B E@nseEEdR
B 45 B A2 4 25 mm 4B BEEAT. 2] 1997 4, Inoue RAAIFF &
HYZ4HERTHRA (72mm) # PdiCusoNijoPr 4B F I E#E. M 3+

11



HRAPNE o L w VATSS'S

i, REAF RS ARREREIHE KA BPHH R (W 11 FxR).

SR, EAFEFRG —NFAR JLTFHE), Akt v4e
TEERNFEAS RSB R A, HEER AN, #F. BhFEF
M b T LA V5 A B RLRL BT R AN b, w B AR O T 1 M B B A
A FEPIEEEN . FR AT A TEAT T W B — BB RGO R AR ety 2K 1]
FREA R PR G T AR AR AR R . Eb, AT RS £ T RENXE, Jb
Be 7 REMH LA, ZPBALIL ARG — E AR T8 e m 0k

[170-173]

o

F LBl ER RSB FAER.
Table 1.1 Exemplified typical bulk metallic glass systems.

A kA3 IE F R~ Dc (mm) JF x40
NdgoFesoAlig 12 1996174
Y36S¢20Al4C020 25 20037
LagAlis7Cuy1.15Niip.15 11 20034176

fio 5 . [177]
C€65A110N110CU10Nb5 5 2004
(CeosLag5)eaAl1sNisCuys 10 20051781
LagsAlia(CussAgise)i1(N112Co12)10 35 200717
Pd4NigP 1 1984L180]

Pt d4oNigg 2<') 0 e
Pd4()CL13()N110P2() 72 1997

Pt#  PtusCup7NigsPy 20 2004!181]
ZrssAl oNisCuso 30 1996182

Zr % ZI'41.zTi13,8CU12,5Ni10B622,5 25 1996[168]
Zr46(Cuy 5/5.5A81/5.5)46Alg >20 20074183

Tl% Ti4()ZI'25C1l]2Ni3B€2() 14 2005[184]

Mo 3t Mgs4Cuze.sAgs sGdy 25 200513
2 MgesCur sNis sZnsAgsYsGds 14 2005!'8¢]
Catk  CagsMg sZny 15 20041871
Fedt FeysCrisMo14ErCisBs 12 200411881
= Fe41C07Cr15M014C15B6Y2 16 2005[189]

CO% CO43CI’15M014C15B6EI‘2 10 2006[190]
CugeZrspAl;Y s 10 200411

Cu & [192]
CU49Hf42A19 10 2006

12



B EBOH

1.3.2 4 & 3 55 1 It 46 Fn fL A

SRR BB EIRSEA N K, LA “ARBIK” 44,
foft G E S BMAAEL, CRAV SRR,

1.3.2.1 4B 3 535 AL B

4B BN KA L AR SR FE R RO T SRR s o
MRS, FEik, EANMRE T, 2BUBENEREEENERREE (wHE
1.3 fr ). Bl TRAGEMBFNESIE, 2B HEL T EEAS
K 2%, KRB THREFSLBMFH 0.65% ' Whsba B ghasd Bk s Az
 Fo it B Y, Inoue % 7E CousFeroTassBars 4B B AE H i 7644 1 4
TR % v 5] LA Y 5 e T 245 (5.185 GPa)An A7 K B 4 B (268 GPa) Y, B
ReBHHH TRALDRKRFWESIHE, BN HERATLFRAERER
o, FEMRE R RA 0.1% 1), B2 Hpl e 154 B gos 4 A R & 3L
WA A B MEAT A, F el TR SRR RS, AR A A X
A RRE MR 20 B R E R RE M TR & 2, B AHE# & HE &

{E1197-207)

Theoretical Maximum

100009
E TiggNizgCuzsSne L ®—— CossFexTassBays
. - < 3 L L
ZrgsTigpsNiggCuzs - ~ \\"“(Femﬁussis.l]gﬁ”b!
< La;nﬂl;ocu;g -7 ::_““-‘-_‘.
[-% “\._;_h_\ Fegy.1Cy3.8505.1
S 10004 i
— <l __~.
a 1 .~ "MgesCuzsAly .
< Ti Alloys Al,O; .
E Wood wc
= 100 3 N GRFP Mg Alloys
© ] Steels
E ]
x 4 [ ]
a 1 . N Al Alloys
:—__ 1 Lead Alloys s
- Epoxy / Silica Glass
@ 107
Stone Brick
10 100 1000

Young’s Modulus (GPa)

13 2BFANEREE. HEREESEMAE LT EM S (FERA S
RHEEE) P

Figure 1.3 Yield or flexural (ceramic) strength of metallic glasses compared with
other typical engineering materials!**.
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1.3.2.2 & B 935 0 7 J k. BRah 1k

SRPMELEN LAk g EAXT B “HE7, BARKEEER,. %
kP B B AR AT, DR X He AR R Y R S AR e AT AR s B R A
. EAMEFERL - AR BA R R NN —. EAee%hER
KESBPHEASH R, FH b TACS. & F80F T H6k
Wtk BE g AT, #ERIE R A B, HeRBFREMEEN LR ETE M,
P A8k 24 B 3% B A AR ARV AR U Fosh k. 7 4h, i TR T #7440
MNEFHTERA, SRFCEA AR M EIER, 7 DK AR A M5 7 K
AR BT BRI AR R (kA B B 6 R R B R O b B AR 70
% ). BEMkESBHIMEAT FE RPN RAMER, LARAN TN ANE

[209-216]

o

1.3.2.3 & & 3 55 1 b JF

KESBIH O AU T LR B B Uk AR 77
& BHHNEEE . G EEAEREREOECENREARFE T 2N
f. RFFOEHREABHERRT RN RAERTHE. FREMRAEF
FHATE| T R A B 38 e TR A DX B A8 B B o A TRk ) DL ROR R
db RT o AR, O AR & WA S e HOR W R f kR, AR B FYUR AR
ARK B R R % . T HEE S AR R R B AR T B3 A R T K Ao
A PR BT, 2R FORH LA B 2 PRI E £ R e iR T,

133 A BB B0 &4

ORI SRR T AR R . 8B T MRS, RN B3t et %
FRAE AR ey B B 7 A R TR, An R XA R IA IR, E U A HUM A R
A, AT KT R ST AR EHRNHTME. 2BBBAAFL G
WAL, ER BN Tl EMEARTEFT AR, 28 FHE BRI BER,
TR THIRA RS e WKBEPHEME, KAAERATF, F
KETHEETRZ2MEAGTE, Wxla— g Rmod. Hik, LEHA
AL AT T R Rtk B R E H 7 i R R AT A SR R R e B R T

14
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RREFI-FHEI. FRTHLRNFTRNENET, BHHLE TR
A EE, 75| PRI RAAE TFERAKIRILRE T EESEE L, 75 REXLE
RRA AR R AR 2 2B 338 0 7T R Y R 2 DB B 4 F R L. T U A
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Table 1.2 Values of optimal radius ratio R and corresponding coordination numbers N
for efficient atomic packing model***!.

N R* N R*

3 0.155 14 1.047
4 0.225 15 1.116
5 0.362 16 1.183
6 0.414 17 1.248
7 0.518 18 1.311
8 0.617 19 1.373
9 0.710 20 1.433
10 0.799 21 1.491
11 0.884 22 1.548
12 0.902 23 1.604
13 0.976 24 1.659
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Figure 1.4 Schematic illustration of the solidification of molten alloy with different
cooling rates.
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Figure 1.5 Schematic illustration of the copper-mould suction casting.
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Figurel.6 Schematic illustration of the melt-spinning.
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Figure 1.7 Schematic illustration of 3rd generation synchrotron radiation facility.
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Table 1.3 Comparison of major characteristics for three generations of synchrotron
radiation sources
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AWMHAERERRNF. AMHELTELELMIRRE . A &R E.
i TOGAIE B Ao BR 3F B M WO A5 2 BB AR Y 1-Q 1 2. 2 i S AT AT B AL
NI, REFREIFERNHAENET SQ). B S(O)BATH L4 Hewk ¥ WA
RAT S [B 42 1 A0 B G(r). K JB B AR 1o A BB AR G(r) ¥ DAt — P i B AR 5
W R TR G EME L, Py B kAo P34 T 6 B4

ZHER B NE LR XRD 8, — & F EEAEFIRG M X L4
BAT -SRI AT, Kb X REF B FEE X HEMT AR EEA X
W 4AR A EREDAC) T A'E (ETEH—F PR FEANE R TAEN A Ea), X
MEERES X CHRHANER. B TEE 4 Smm BHEN A ERXEEN
10keV ATNEY X HI4iB 2R, AERGERE L, FIU—EER X4
R E AT, ArdTEEERSRDN JLTRARER), AU XHEFE
RE (BEEAKBEHATRE) BT LEAMK. R4, RFEH &
LA X S RPATAIE, oA B sk s fof B0 LN HOE ;s A
AXEEEE, REAMoLm—BERwE, F2E—BEERKyEEL.
WHAFEEGHE (JLERKR) ZETHREDRELAER G, BUBEFA
Wy — 4 E AR B, 4o Mar 2 8 9 Mar345 H %47 (image plate)f Marl65 %7
WA BR(CCD). MHMBRER. BHRK, BFHRM, HTH K E N5
K, ERERMBEREZRES 2o EL). BHNBERR, REEHRRD, &
Jir $h R AR (JUAD ), #T DASE B bRt A48 2% A JROREAR I DA &K B #h 4 e R
. BREETERE, 2pa il EoEHEEL EARNENZREE
wE 1.8 Fr s,
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o
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A 1.8 FfrE & XRD LR B R B A,
Figure 1.8 Schematic illustration of in-situ high-pressure XRD experiment setup.

143 BUgEREE (4N EE4)

EAB XL, HENFSEZTERXH T XWAR & E#EEDAC).
DAC % ¥ 2 7£ 1950 4 i1 % [ ¥ w8 K ¥ # Lawson 137 & TLARYE # VLR KM%
&R ¥ K Bridgman 4 87 “xt AL TAEREWIL . 2| 1978 F, %
[E] 4 J& W 9 259 X PR 09 B P T T — # T AL B0 Mao-type DAC, B R EHT
JE A RA 100 5 RAE, £5 170 7 KAKE, J&RXM DAC B AW A RILE
BABMEHEFRNEERED, BALR AR ERRFEERGONF, [
B AHEE Y & X B S B TN E B A S ) B vk A
A REF I EL, PTURA RSN A EA X TUERA R, B ik AR &N E
9, [ CATEA SR WINE 0, 2 RIEEN RS EM LSRR A
SR AP T RER (WE 19 FTR), JREE (FAA 2mm £4), WHR (—
A JUE B JUAMECK ). X TR P4 N R o B RE 7 SR AR (— R
AR AN ) RE L, AEQAEEE “EE 1 “B2H 2BEHT. &
Y o 8 3 X VE B AT E B HE , B Ak XA B A 7 A R a2 (A B A e e AR B B
ER(FREWE 110 FR). — AT R A EE 2 E - 1NeBE R (&
WRMRER S T301 AW, BEE N 200 um A% ), EH P HMIEN
BREA, BRARERER. EFAR (Au. Ag. Pt. NaCl A E R ) KEESN
B (BRNARE LEARNREAY. Bl AFMFA AR Ar. Ne. He %),
LI HEE A A B A FUE 5| 15-30 GPa, DL S8 AnE 1 AR B A R .
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Figure 1.9 The design of diamond anvil for DAC*>,

BT DAC #WHEREEEE/N, AR ENENEE S, HIbELSTHE
WEAHARKEFHE R EHENE, FRAEES T EXAFZ. B DAC ¥
ENREEEATENTORS TR FERLE BT AL LD, Ab 8y T+
W R T BT E R EAERE NN E . AR FORS A B EREAR XRD
A o JIE VA B VO A 0 T 0 o A 4 R T L B AR v R HEAT A b R IR R R
FIE, XA iR B AR A T DUSNE BB B R, AT IR o RT DU AT A
B RBRE. LERRNNEERNAGRF R 20 —M7iE, BERER
MALZERE R RGEEGE TR AWMLY KA EENHLN. BTEA R
TREPEM X HEATH, ELLE FA R L NHOR 2 R SE 7 D7 E
% DAC WHERBVE . 2 kWit g ROt RER AR, ERBFZ N,
FlEf M ErE SR, MEWEN T EE R KRAE.
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Figure 1.10 Photographs and schematic illustration of symmetrical Mao-type DAC.

1.4.4 [ %5 58X4 &7 BGE B R

I X REFMFAE, BT RELRERKATHIN, BLRETRER S
BAMAMEER, e B0k ARTRH. RS, FRERHSE. wE L1
P 7.

X
Scattered x-r¢ Vs (_A_\

Auger electron
Photon electron

3

Incident x-rays Transmitted x-rays

Iy /

Fluorescence x-rays 7771‘
Iy

Photoelectrons

1 XHE& S5 FERT&EE

Figure 1.11 Schematic illustration of the interaction between the x-ray and matter.

X & FR1MEE, HTHIGERTRR L, R X fF4HBES
HR. BE—REENNT X HAEBEN L, FA—DEEN xR, Bo¥
BEBREZBYINES X H&, el EwHRUTAR:
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I=1e" (1.1)

Heap, uy MABRERBEZN. n RO E, TEEHEAK, FAEHGEAN
BB EE (WKL) HELK, @Eu%X&Eﬁﬁx% T 72 27 3 Bk
B WIART, FAEPENRRE (wE 112 Fir).

107 ——

10°
108
10*
10°
100

u/p(10~4cm? /atom)

10

1 10 100
Energy (keV)

B 112 WM TEe X HEBRAKHEREN LKA,
Figure 1.12 The energy dependence of x-ray absorption coefficient of some typical
elements.

BT BRI R T W E & B R E, B E=E &, Eo
FRABRBEME. TEXMIAZEET X AL ERs —CHE FAEETR
RERZRBFENBETI RN, Fb, ZoRBs R T ET AR T ER
WP TR R B B (bonding energy). WU H A% 7 B LB AR K ARIE K
K, L, Lus L My - m%%ﬁﬁiwﬁﬂﬁﬁ%ﬁﬁmﬁi%@i%,ﬁ
W B A TR LU, WA TR RA

7l 2 4 A X A R &K(XAS)%&T‘J@% TR T TRNNA. R
WETRABAEKEFGEE, kAT —MAEARAET. RTENHNEANT
B BT, MR R TR i XA S BB B BRI I R B JE 1000 eV
B3 7 A — S SIS S AR AR AE, BN BB MR A S (W 113 BT

o TOARYEIX B M 20 54 72 A BN 9 1 ], S R OB B X A AR 0 A
AR (0% A F % )

(1) A X (pre-edge) » X #7238 ik B T RBGL Y K. &% £ /T X

BN YR T B TR B T AR R B L ey B
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(2) Y EH KX (XANES), X5 % 246 B ARIRL |54 10eV 1
Ki, FEHTHER TR ERENNERGR R NRKTT R, &
FRMBRTOLEEE A, BT UEE R TR 2B . T4
Bt K At LA &0 L3, b TR LR R 7 KT % BUAR BB 1 R
Wi, B E &Y, Wi G Kt n R A A R BRI SLBEUR

(3) JIHE A A X (NEXAFS), #ERASE A 10eV 2L 5 50eV # X3,

DEERETEAGAREM (E-E) hAEFTHARS —FEX
FEETERET LR, P AR B TR, SFIOERER.

(4) ¥ RUAG B A X (EXAFS), W) LMK, KiLJE 50 eV 2| 1000
oV EA, XHpEERETRANARTHTHERE (E-E), Il
FoE B E — 7w B R TR ABEA, SO S T, T
s e TR ERRE T H5RAE TR T —ANKE, FEibb gk =
B BAR = B T E BB, X 4 A EXAFS HHE 40 R Fla 4R 4 T ¥ &k

i
— ol
2] T
= 7 1 I
= i
3 bl
- ]
o Vol
E g edge || Multiple scattering
% Y
= P |
g 1R
E. 1. d & “@
III [} i
| i 1
e-pilge _F‘:r'} ; i Q /O
i 1
E— T T - T T
11400 L1500 1100 1170 11500 11900 "m.m.".:’ scaftering

Energy (eV)

B 1.13 78 A X 5 8RS,
Figure 1.13 Exemplified typical x-ray absorption spectroscopy.

Fl PR A X BB LR 7 EZAAM (WE 1.14 Fior ) EHRFERR
tik. BHERNARSZH M XAS MEF i, EFATHERFFNTLELE
e (—fAT %) FEETHEERTHREDNERL. B () 5%
i, AR ES; Q) AR EFRNENEEEEARME, WNEFE,
HEBR. SRR Xﬁ?uu%ﬁm, — BB RE A R R LR N 2
A, WHREGE SR, MR RE N RRE 44 #’J#*Hftfﬂﬂi KRN 7 3 &
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KA. P DASEBe BT % A i B R HEAT I L fo s 4.

LEENEHFRNREEN, RHH R ERER|EREFER, FAER
FEAT, FERATE; A, SHEHIHFNTESERK, THEAENE
K E Bt T ERF K NE. — e EE S%UT, JLE ppm L EH T ERES
Rz %, CHRERWRTR X FEATFFAETAATHIE 5 TR FHRL
EXFR., SEMEARNEZ, w8 SR BRI B f N8B A 90
W EHRERNES. RAFRERSER, HHE TR 15, M
HESR, CERLERE. EREREMEN L, FEAMEFGNNSLEEL
EE N R

Fluorescence

/
X-ray source X Incident |:[|}| Transmitted
I, ]

Monochromator Sample
B 1.4 B PR X HERRKE e L B xR,

Figure 1.14 Experimental setup of synchrotron x-ray absorption spectroscopy.

1.4.5 ¥R AF ¥ HEXH LB BA

X A& BN (XAS) A0 X 4T 4 & SHE(XES) #2005 F R F N R F v K 325 Ao
P e T8, RPN X 5 %0 8 245 7 7 5 2] XAS 1372 # oy R el
AE, WERTHHBEIREL, AT 8T R0 42 58 2R T A4 X
HEWE, FH X AREPARANEIRBRA R L. YA X H4iE
INTNA X AR E, BRTHASRE —MEAS, XMHR X HEKHBREZ
N IR X A2 HUR B Sk X &R B4 (resonant inelastic x-ray
scattering, RIXS). XM ILEZIE 1976 FRH LYWL I, BR AR FAHTHE =K
BABERTSES X HELROGERAKBERN — B AGEAFEAR. XM
RIXS A G650k XAS T MW E R FELFTHILR, L2 %N XAS rog
FE B — KRR, W d—d HF fof BK. T H RIXS & —f T Z G
AR, BARAFRIELE KL TEE T ENNEA LR FED,
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S RPN Rt

1.5 &R WA L KA K2 R’

SRBFHEAF RSP FIRG —A F” KA LT %E). AT/
B T 7 1o P SR B B B SR R A B AR i BT e e B A R B S AR
SRFEEMNTHEFAR. EAELE T, RONLETECRERSNR
PRTREEGE RSB NERZHSHLHRERBITER, B2
TEA® X TRV (2005 ), &R BIARLZAETMA KR+ I
W Z R RNZ W RE . T B PRI ML F B AR B SRk
BRI E, TR AT S5

1.5.1 48 335 48 & B AL %)

SRPBMMEMOBIMR —H, ATHRAIFMSLNTRS. M THRY
FIRZHROM, 2EPCELTREESNEREAT. wE 115 #Hr,
REH EAEMBATHRERMKOGREST,CRE—TE HL L TR NMEIH R
AMBE A, BB BRI, WL S A AN R A
#H, EXEHANEAHBELNAY, X—XBRERA “GHRE. Eafk
THBEZRBEOTE Y, ZTHRIBEHZE. TLRAREARBHEETRY
L, oM REEMASIRLTMAL “EiL”.

1

Crystal I

e

Cold compression D

Potential energy

Nucleation

”

C

By
N\ Ideal glass

Crystal I

Conﬁguratibn coordinate

B 115 At ERAT &R,

Figure 1.15 Schematic illustration of possible thermodynamic states of alloyst''®.
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SRPBELMBREIE RN BF, HREEMB TN RE,
R AR, 052 BRI AT 58 254 9 5t B o o b e T 308 AR
KRN AAEENE L BRI ENEERT “HR”, DAHTREE M
A7 (mTHEE RSN, ZASMMERG R, FFULAEME),
B 115 R ENHEAAER R, AN HEE L1 TEAN BN EREZHS
A (L), ErREeBFEEY, BTRETLELTAS mE= B %ER,
= BB T R FE RN EEWFRA T L AN & EZHSME, BAR
W SCT AR DR A A AR K 1R . k4B B3 o 6 AU AR AL B T 50 B 7 DAAE B &
BRI ST E B HALL

152 2B gt Rt
1521 2B o G £A

BG4 BIE BN POANR — MK RGIEP. S Bamm &t
RSB LR, mREE. AREXEEZHDH. RESEIH R AN
Tk R B R EE I, UK BR &Rk =M RAL
(1) 2% A &1 (polymorphic crystallization ). % & A 54k 2 5 48 3 35 70 & 1L AT

ERHRERSETAN, REEMEERE., BTREGUABFIFTERT

HKARY o, B AE fh AR A AR
(2) 3t d &4t (eutectic crystallization ). 3t & 5 14 5 5 H 1 A2 o o 3 5 R N £,

SRR, P A B E R AT, RO AEAT. R AK, HFA

BB B, BT ATE BAE 2 1) R R B H
(3) #7 & & 1k (primary crystallization ). 1 & & 42 367 4B 38 24k 8 KW A

— M5 R EA T E AT A AR, R AR A A R R R R 4

AT NRAR. TURARET - HFERTHKEYT .

1.5.2.2 & B g0 & itk iz

BYE, @RFFRIMRERMRL, RMEE 115 F R ¥
LMARBRIMZRK AN L ERN. B, LEEPHEFHELBRUL,
PR B DA A 3 B 0 B AR OK B, R Tt VE B Ak 7 A0, X R KR A B 2R OK
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B IR A KO

RIS TFEEMK L. X TR0 R AR & &R I 2 EL 0N 2 iR,
AN, @R T, GRERBEMET, GRETEAT, fakEil, WX
o G AV AT Ay FE A A A A 4 A SR R E A K

T4 BB LA LR F e, Bt H A = 8T A N AR
K AN MATHNFR EEX R 22 BIEM AR g2 E1,
gAY AN 2 EAA M, TR A 00 T A A N R 0 T 28 308
B BT AR R IR #ATEHEL L,
(1) Z#. 7 1994 45, H.Chen %77 % 8 T & i AI-TM(Fe,Ni)-RE(Ce,Y)4 &
AR, RAEIHEREE —KELBFHET LKA T EG T (2B FH+
HRBHNERRE®) s A EFFNNKERAOALR, MBI R EE
ABPF R ENRAGIARE, RHTRAEGRETEHT M. XYL —
MAFWAR T ETRUMEEMA, EREFE 1976 4, H.S. Chen £
T PdCuSi £ B A G0, AL RO TV FIREA S TR AT 400 K.
il H. Chen %@+ H, it E AlIXLBHBNTHA LS, FUHHIEZ
78 B IR A B B3k 2500 K. J& &, Csontos % & 3 Y AlyFesGds 48 3 3575 i
B, ARG EEFE Gd #1 Fe BIREHEET MMBEL, AAXRAEN R IR
5 B K Ak AR R AL B R ECY. (B R B IF AN T AlggFesGds 4
B LS A R P B R 4 K fudr ¥ X, W.H. Jiang 25 2 72 R 48 X Wy BT 414 o 1K
BT MK E L, TR XA R 1% EL A AR ] B R IR 48R T
B GAA & Ah B LI T R AR T 2 — A AR L, S B AR A iy
WY R R TR R A A (F X E L R KILF AR B
AR B DL AL E 4 B 3B 098 W % B R B B LB R — B R
(2) ¥, M.C. Gao FA A B HEH, & AloFesGds 4 & FH X%
HIWT R E AR T AR B, FlEtb KB T BT RE LR IR E A
WHRF L= A WARRES T 40K &P,
() B, REEEPOANSTIRMANH RARMN, {27 Y. He FAEHEE
SRFFFRIT REE PR AENNRE ISR KA X, HihA g
FHERE AR B AT AR — MR, TR — A AR PO T Xu FAh
REFHNABLIAZEHTHRESRNRERES TR TH IR EAE
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2641 7 B. Yao %3 # AL Fe-Mo-Si-B 4B 3 35 t SR B d1, 403k = [a] th A 3 7= 4
Hy B 481 & JE (46 GPa)#n & 5 (600-700 K).& & kg B H 2, Y.S. Kwon %7
FeooZrio 48 3 3 ty 3R 5L 360 o R BUBRE 7 A B JB S0 U FE BN FE 44 K iy 1 A2
R AR T ARANBGE . IR KT R SE S R A B 4K B UL R R — B
ik

(4) BmE%. EEEESEERT, WI Wright FP°E PdyNiPy 4B 354
BT RE LA R TR EERALR, AAESRE L, BIEEAE 280K,
bl B B R N U B . {22 YF. Deng % 3¢ ZrssAlyoNisCuso 45
HAHM R RS L, AN R EETHRRBARE —MERKEL, B—MBE
FRME mAERE L. AR TFUEEGT S PR 02T E LA RS,
S.W. Lee S Cu A Bty # E 45 K 3 P A4t T — M4 4 0y 4
KB WIZ. AN — P AL, SRR T BAZaE, WM H R
#HTRETHESTFEHT HRETZ.

(5) %tl. 7 AlgsY Fes 2B HIEH AT #, N. Boucharat 4y & 37 4
KPR AT T o, MERBEATHERARI. AR TR RS
BT R TS AR DA, B H A LB AR XA REE T
J.S. Park %7 ZrTiCuNiBe (Vit.1)4 & 5% 35 ty /4 5, T4 o 1y 45 g S 1270,

(6) BEH . N. Boucharat %*"f0 7. Kovacs 255181 % 7 AlYFe 48 %
A AlCeNiCo 48 335 th & JE HL H1 (HPT)AT 4, # K I T M4 oA th 4 % & &
AT H . TTE R Y5 R KW &S A, Eik, Z. Kovacs A X
i HPT ¥ 3 @ AT A T - — R R AT A

(7) MRER. BT ERGEM T X — B LA REE, EHIE
7% Xt oy B E A st o T AR KRBy F PR, 1. Kim 3349 K R R BARE
ZrCuNiAITi & B 33 o T & T 90K B R e 528, S2I0 A2 40 A 4 3 2 42 ) AR
ey, W HE A TE, AT RN ERAR AL N 0.05K. Xfn
DA B 8 B R SR TR o R AR L 2L T K B AHIRMEAE 2 R K.
EREMNGAEERELATHAREMAL, LHFTHTTHTRET ISR BT
B 5 AL B AL R 5 273, W HL Jiang 45 b 7248 2L AlFeGd 4B 335 b 7T B
VHKERF SRR LW, KIT 4K R Mo % 8B <7,
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PREBERBRASE G LA, ELEOGERRTBALER T 2B
FEWmELAHET, BEABRPREGHAREROAR, T TRUONENREEE
ARHMRNA: a) UM EARTZEGRHBRERFETHREL; b) FALE
SRTHHARTERAGEETFLRETEH RN BE EREBERY
RERE-ZNER., X THEABRREFS T RS HELEERAEAN
Pl BEEAT 2B P KL R e E R E R B ERE (10 - 1000
nm) WEEN, G 7 EEENETERNRERMEEEE, BEHLE

W E KRG, BRZ T EFAELRIEE. &L, Greer FARIT NGy L
BRETHIFREA GG EEEE. IEREE2ES SnERESEHK
WA, EMTEWEE T 0 E E XS T A Sn 3R (W E 1.16 Frr )
761 o oy 25 R R A B Y0 O IR A T LR B LT

B4, BRI R W K E R S I DLW He%m]?’FULL Sun %7
HAF DACHHRT Zr RAR S BHHEZT R TN EREESR Sk, B EH
WY ERWEAMET, AT T Ze AR A BFHE 21 2| 25 GPa WL E N H
FALE E XRD & 3 T BB/ AT AT, LR B R R B, BN AT
FUECHEART . ATAA Zr A2 BUBAEGE T K ETENF T HE NI K
. (2% Jiang”?"fn Halevy S0 i JF B 3001 Ze XA BB R H LA K
AEAFFANKREMAR. B X T2EFHETHRIR T X AR ONEL
—ERAER, FEEU.

Bl 1.16 37904 M 3T kAL 8y Sn 2R ey 43 48 i G B R 7O
Figure 1.16 SEM image of beaded Sn due to local melting

[276]

41



RN L w7088

16 AR XA BXFEEAE

&R HAENBEBMH TR — A “F7 R R, —HE, BT BRI,
B R AL ST A E AR A NEAR R, B, RN L A
Mo BTN, NEFFHEEMN . OB R AR A FAT A E NS — % 7
AF P47 58 TR AT R AR A 2R 1R B SRR AR A T o B B AR A AL
W, WILTER, B — AL TR F RN R SR a7 kA &
BB KRB AR A LR R e R . R 2 SR S 4
F&SFFHEAFFR, mE T AN ERSEWH AR, EXTELEH
AR AN Z AR E N, XA RS KA E T R TR 4 B
(B E, <6) Witk Ggtamatpt s ", Fril e Bl B it B4 4
t (EBALER, 12~14) WERBHFEF LRI KkE. A, @BFHENE
AR R A A RN A T £ h . TR A R A B B AT X A LB Ak ik

N AR R FRENEANELE. GERFRERSY TN —A
WA TR, VRGBT R AR TR, R TN B E AR AR
FHTRENES. BT EME, 7 UBL BT RS RIS, YfE
BETRRERTZ ERAFET LENERNALR, RENARYREN . HHRK
EAMENARER. HLETEAR “ThWEEE" BEX b THEEN 4
WY, ISR ARRNEN. s fow R 2R T K ket wk B
Y. Tob. AN TN, REFLREFE, ARAFLENHE LA
FAMBT 2 EE. H(CoORMETEEE —MIA Y ETHITE, WRE——
MNEEHREFE-NEEGERENTE. 28 Ce KA MAnd bR AHY
ZE ARG EAGR R Rt R R 2 BIEEN R Sl%—A
“BHT, U Ce XM L4BIBMAANFEWHEAREN “REER hiF
AULERM T BEBPBARNENEE., RSO EIE, REUGHLE
AN BEAKRE, WEAMBEERENFE, TERAERUT AT EH R
() 2BPHEPHENENFRERZHISALZRINE;
() & BHH T 5 I & LT 5 A K WA R TR N AL
() W& Z B4R HEN AR MG T . MBEREEWHA.
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BoE 5E

2 & RFFET MR EHIIAR

215 %

SRFH b THIRRN “TJF” &1, BAHFLZER0OMER, fla: REw
MBI, . BHE, BUMAREEFEN —Ed a7,
HHREELBNEENNGE, MINSBFHOGRTHER T X, B TEHEE
REN RN T AR B AR, R RO A R B P2 3E B SR, e
WETRBEAKAEERT 6, EXLEHAWRFLANERZH AL
SIART AT ZH %M, HFEEAENS NEGERR PR, flt: 3F&EK
M Ak st 100 2 m kgt Y, e eSS
ERZALDAEEEEERSHDAWER B AR T IREER b TR
W, RRTRETFEMNEMmEHTLEN", TLBEIBETHLH mk
WeBw, TRAFERRTHIENEN, AF - RANREHEEHL
12-14%8 Frol, AR AMRFRANEIHERZHAAR, ELBFHEF
BOAA A A

2005 4 3 H, AT KT —MEAZEZ] 10 mm # CesLazAljsNisCuys
KeBHE"™, T, H(CENMARLTEESE —MIF N af b
FHoLE, CWHEMYER. MERZE KRN, ©T UL T, Rk
#h, BMPREL MRS, iR ——NEREE I E S EH —AE - Eis R
BT E, FREA —NEL GyooF &M CEAHRE SR ) P2, 7
LEMmeeMREFRATURRF TN WF, BT1H (Kondo) ), B
AT A RH AR B P 3 Fomh e 60PN, R AR £ A et B K00 T 4R 4
iy EME LR LT ER, AMINALBEM UK CHELMTH 04
M Fo FAE R $AT T RN R . B R EANRE T B 240
RFLBHBTRARMAELLNMAER? X T F F 5 W EIL LA 6k &
AR “a By EL" HEAERERZE. Hib, FATHE L CesoLasAljsNisCuis
RBERHBANE, HRECHERIETNENFTHRT EM e T 54

i A R
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RERAFALEE B SRS X FHEMTH A, & CexnLanAlisNisCuis £ 7oK
REBPHFRANT - NEROER-FRHE, BERLZTRZERESE, AT
WA R AHIE, BATS — P EGE =T CersALs 2B HHFH TR TR
T, REFHANBR T RFHETIMFAER L P SIALNNIE.

2.2 LW
22.1 BB i ] &

FIRABAEA (A4 99.999%) R B IVEHZE, §EEKEEEL5ET. K
B (B T8 4t )4 La: 99.5%, Ce: 99.5%, Al: 99.95%, Ni: 99.98%, Cu: 99.9%.
MW R Y AR E 1107 Pa K, RERANBATA. EFREEEL
FET R, SRR — ARG s, IRFEHP IEER T T iR R A, AER
ERHMERET 5K, HEHTAWERSLEHE., B THLTE La o Ce R D
A, BTl La fo Ce £ B# 2 AL MBHEKR, TELREXEBENTESE,
T i TR M ER IR T ENE 2R, # & CenLanAliNisCus 71 CersAls
e T (ERARANRANFRLT, e+ 2 BHHE 20 R TRk T4
FEFHE o). BIEFH CeyLaynAlgNisCujs 71 CersAlys BE-44 T, #4T
BELBEkEERATT—FIE (FRTRAENMERMEIE). AAGAAA
PR AP ACAARARE B ok ik % 1 A B R B3R o 3k CesaLasy AligNisCuys K348 3
## (bulk metallic glass, BMG) # . BT CersAbs & M £ 0 —né&4, FHW K
ARG, RINKABGEEARY B E (FEE 45 m/s) H & & H R CersAls
& RBIEAER (JBE—#H 1525 um).

2.2.2 & BB i B ARAT

T & 25 A 3 3 38 XA & AT AT (x-ray diffraction, XRD), & 6 & 27 [7] 25 48 4t
XRD K Z 7 HAMHERST(DSCOFATRAE. L X HFEATHEFHRE Thermo
ARL X’Tra BUATHAL, ATHOUEAHZ Cu B Ko %, A#HF K 0.02 F, AHHE
FE 1S5 Fiaeh, TEEE 45KV, TIERI 40 mA. & i &0 P F 248 4 XRD
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B S

REF=NREATBEBHAFE——FEFTERX LR FHEIHNIE (Advanced Photo
Source, APS) 11-IDC X 4 FFF & #, #6 X HA&MKE 0.10780 A, HIBEA/NIH
2 mmx3 mm. DSC 44 & J # %& Perkin Elmer PYRIS Diamond DSC 3. £
KA AR (Fik 25 ml/min), Ar#iE L 20 K/min,

2.2.3 A & R 5 48 A X ST At

% JFl Mao-type xt T 4| & /£ A% ( diamond anvil cell, DAC) % & /= £ & £ (40
B 2.1(b) fT ). 648 T301 e HE 2| 25 GPa, REAEERFITT —A
27200 um B ILAE A G E. CesLasnAlsNisCuys 48 J 35 A B3 V1 8] B K 4 50
umx50 umx20 pm By/P RN R RS, KA FE: OB K=l6: 3: 1
(hAR ) BRAEMEREENFED, azm N fEANER, ARAZEEHR
REEE N TOB o RFEEANPY. REBERPEN X HEAMHREXE
APS [ % 45 4% £ R 89 HPCAT-16-IDB R 4 P B (4 2.1(a) B ). KA B K
041160 A iR E AKX, RENXIANN 15 umx15 um (¥ 5% ). XA
Marl65 CCD £ H M, FANEN BRBOLEE A 5s. CersAls 48 AT E
A2 50 pumx50 pmx12 pm /8K, HNBEBFE A A 150 pm AR EF . 4 TR
B E AT O8RS, BATRA T RAAEAEENF (CURIRE © R B K i
WL A, REAR G B4R 5 K IR 5| 100 GPa™™), HE {7 E F F 48 4 X 4
LAT AT 75 £ [ APS # HPCAT-16-IDB X % FFF B . KA MK K 0.36806 A 1%
Bk, BENRIEANN 15 umx15 pm( 3+ 5 % ). % I Mar345 Image Plate(IP)
ERFENE, BNAELEELEEN S s, LhF, EFESEAERNEATRE T
4 MAEEHA, ARMNEERENNENRE (WE 22 Fr). Ehe, &
RMWEE, #E 1 2 FENREEA FpllE, BEASKIARY, 4 Hax
HRT T JVFHEESENE. TRLAARL e NE T EN, BXHEN
JE B FHA KT 0.2 GPa, fRIET EASLI 42 o 5 A7 B #y k0 fode i 40 TR
pagihie S i S A
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WK AT 28 3

< M AR

i

B21 BEUGERFEH X HEMHEREKE () IFEFEBLELSE X
HAMTHERRERE A (b) AR AR TERE,

Figure 2.1 In-situ high-pressure synchrotron x-ray diffraction setup. (a) The
photograph of experimental setup at the beamline. (b) Schematic illustration of
diamond anvil cell.

2.2.4 FALE & R 48 4 Ce-Ls 3 X 4t 4 B0

B E R SR X S RUGE(XAS)E — MM &R T R
ol TR T A EEF R B DAC AN A X EE 10keV MU
B X HERBORREE i, EREMTEL @RS T XMBEARGEA. Ce-Ls
(5.723 keV) Y03l BHEF EHF REKALE Ce th 4F v T 245, s ft 4/ T
WA AR B A EEIEED YT, ER X E N 5.723 keV B X HH4, & 500 pm
Bty AR R 90%8 X 44, FEih, XMGHEN X H4@—x4R7a
Rk SR, HILFE MR 100, XA FE R ERATILA N B EaE SR AR, R AT
A LB AR AR £ — AN K2y 500 pm /NS RIE, XA — X2 WA KR
B X S AEEFREE 107, T4 5E 2 R BRI REALEE Ce-Ls 4 (5.723
keV) X #& I RBGEDPY, ERITAM AR A ER-MTESR, FHERS
JEN TR B A, H R AR . ALY, BRAIRAT 5 —MAik, &
W | — M4 & DAC(Mao-type panoramic DAC) L & 4 & 4 (Be)lE h & B # Fr,
FlEHEN X ST 40 E DA, F X HETUNAUE F%E Be £ 7, WEMEL, &
X H4otE b, 38 DAC A A 18 F, i, X HAERXLMMALE ERF
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o SR

FIX A 600 um E AR E, AT X 4 FT R L2 5% LE 2.4 Frr).
AL JE B P48 4T Ce-Ls 3 X S &R WL 62 72 X [ APS #) 20-BMB K% L JF
Bt (W24 @) Fim). RATEAEX, EFHATESAHE T HA Ar-He
BAEREEEHREMN G FoE 4 X JHEALE. X HERENIRPDA:
12 pm (38) x6 ym (& ). £2BHHEFEHEMNAE AL 8 um B (F£ R E Ce-Ls
WCEEER 5723 keV) B X ST ETBUEE A X 2.8 um ), RGBT E AL 70 umx70
pmx8 um BN IR, AL E AR AT AR B — R AR R IE . A B DAC —
¥, RIERIERL SR A RHE OGS Z %D)é’ﬁlzﬁﬁiyjﬁ%/ﬂ EEN. R,
AR E A /D BROBCE AR B R AR A — AR, AR TA, WS
BEAAE DAC R K A 4L

B 2.2 XA N A AL CersAlys 4 & A 7E 0.8 GPa JE j T il A —#L 3
KM EMER.

Figure 2.2 Photomicrograph of Ce;sAl,s metallic glass sample loaded with helium in
diamond anvil cell (DAC) at 0.8 GPa.
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2.2.5 Hk oF A0 o S0 ST Y N B

i I L FEL o w5 1 BN B AR 7 o 3 1 O AR & 4t (Physical Properties
Measurement System, PPMS, Quantum Design, San Diego, CA, USA)_E 5 & (4o &
2.3 Jir ). CepLanAligNisCuis Y1 #| ik 2 mmx4 mmx8 mm By K4, I EH I
H 10 mA, #E A 11 Hz, BEEE A 4.2-200 K. F| F 1% 5 th 10 oA % x¢ B 37
A8 4T Sk 1 T B9 AT T 2 KB LA R S ey v SE 1. RIAF, #%
it G EZ ARG ENE, BEGEN 42-300K, |AME#IGH 7T.

Bl 2.3 WM RN RS E F .
Figure 2.3 Photograph of Physical Properties Measurement System (PPMS).
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B 24 FAUEERSES x FEABUELHEE. () FFRHE % LR
B Ce-L3 3 X G4 RBE LR B Fr; (b) 2F A TWAN Ak TR,
Figure 2.4 In-situ high-pressure synchrotron x-ray absorption spectroscopy (XAS)
setup. (a) The photograph of Ce L;-edge XAS experimental setup at the beamline. (b)
Schematic illustration of panoramic diamond anvil cell.

23 EREREHiE
2.3.1 CeyLanAligNisCu;s Z TARA BHBHFNER EZHESELTHRT

B 25 B 7 ROFF XU L TRZFBRETFLKNHRARTE 10 mm B
CexLanAlieNisCuis A& BHBHNE . HLTEMANEARE, ERAH
W5 . T RAT% &8 CesyLasnAlgNisCuys A 4B I 34 B R L%, B
ARSI AME S, KO BN E AT TR T RFGEMEF. 264
JF| A4 B8 o 7 W A& 10 L4204 10 mm By CesoLasyAlygNisCuys Ak B 35 4 i
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# XRD(Cu K,)i%. ©H XRD FHE L r 7AW F iRk “18 K87, AR
HE R By EE S, RANE R EA RGN B AT, DR RSN
FRAE, (B, mTE9thE, AL H XRD 3 A B R A B AR E T e
S, Eib, BN —FRARLSEH G EHH XRD EARESESL (H 2.7
i), HARMlEmAENERSLBIE A, KB THBRFERS
£, B 2.8 A CeyLasnAleNisCus K4 B 3£ & th DSC #i4k. 7 403K £
ERRT —ANRANF LR, £ 761 K EARF T — MRt Gfe, &
657 K Zo A% i JT 46 KA.

K 2.5 & R~H# CesnLanAligNisCuys K3R48 3 38 L4 B fr .
Figure 2.5 Photograph of Cej;Las;Al6NisCu;s BMGs with different sizes.

Intensity (arb.units)

20 (degree)

IE 2.6 E_ﬁ/'é 10 mm Ef'l‘] Ce32La32A116Ni5Cu15 Ki}{ﬁ‘ﬁ% ?j{if% Ei"‘] XRD “Ljélﬁo
Figure 2.6 XRD pattern of Cejz;LasAl6NisCus BMG (diameter~10 mm).
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S SRS IR

Intensity (arb. units)

| 1 | 1 | L | L | 1 | 1 1

20 40 60 80 100 120 140 160

Q (nm'1)

Bl 2.7 B4 10 mm & CesLas,AlisNisCuys KB4 8 335 0 5 f6 & 0 #F XRD 1.
Figure 2.7 High energy high resolution XRD pattern of Cej;LaszAli6NisCu;s bulk
metallic glass (diameter~10 mm).

Endothermic(arb.units) —

400 450 500 550 600 650 700
Temperature(K)

B 2.8 B2 10 mm # CesyLanAl¢NisCujs 2B F M DSC 4, EAR A 25
ml/min, AR X A 20 K/min., LR & B BOE &R A g LT R
Figure 2.8 DSC traces of Ces;Las;Alj6NisCu;s metallic glass (diameter~10 mm) with
a continuous argon flow of 25 ml/min and at a heating rate of 20 K/min. The arrows
point to the temperatures of 7Ty, T, T, and T;.
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FATT CesaLanAlNisCuis KA B F# — F R T BB E R F 824 X
WEATHER, H29 24 RFHEZIRTMEZ 40 GPa #y £ 7| XRD H .
" ULA B B Rk 6y 3 5 45 4E 4 (first sharp diffraction peak, FSDP)F % An# JE 77
WABTEEAE A, BRT —MEHNZENEEL. g TFRETEREL
HEH XRD #4E, #iBRE R, B Voigt &AM AT HHE T LUK B8 IR G T
B (Oma)> REENAAR dpan=M(25i000ma), HATEE T L E] CesoLasAl gNisCus
KA BT R T R IR E 77 e xR il 210 #, #&ATAIH =
¥ #7 Birch-Murnaghan 3 25 77 A2 35 B 400 & (dimax(P)/dmax(0))° 2545122, & AR 4
REFNANE. BEE 210 WEE, TUXIAEAN 14GPa LT, EHHEH
KL FHEHAR L7, TEAL 14 GPa UL b, 5206 $4E B A AL T 3LA- 4K
T 7. 14 GPa LT3 CesaLasnAl oNisCuys 48 335ty — M R J7 5.

Intensity (arb. units)

6 8 10 12 124 16 18
20 (degree)

B 2.9 ZIifE T CenlanAlgNisCurs Ka B30 R RAL X HEMTHE, &
“UR IR WA R S7BHE In T e AR m A

Figure 2.9 In-situ x-ray diffraction patterns of CessLaznAl16NisCu;s bulk metallic glass

under pressures at room temperature. The position of the broad amorphous peak shifts

to higher angles with increasing pressure.
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B SR

HTH—FHAMHAL, B 210 AHERERS (KA TH4=
BRE A& MBE KRS, LUK Savitsky-Golay £ A&k 5, HE#HA—3
HER), WATRT UG BB BRI E K=-V(dP/dV) FojE X 2P0, & 2.11
BRTZAMESERFRANER, KIAENE 14 GPa £ T, REEHHF
HEARRE, W CET T EARA BT HAT —NEHERHRE,
R NEGSENG - ANFERANERLIHAST, TR T A, £ L8 (2005
), KFABPHEMBFNRL AR XL TALR., IHARTHENTES
S fdi &40, B0 4 BT 8 MW T 8 A JE 8 YT (Kondo) f86-
1 FE T S B o oL T P AL TR B — A R PO R AT — S E T AR
FhaE g A R, R PR R L.

"
0.85}m= L
[ _ .-.
“— 0.80+ .' }8 ® o o

8 .. "o i ... ae

= I . 2 < ce o
S075¢ > *

) - "

) [ ]

a, 0.70 e o , . . .
S m_ s 10 15 20 25
E i " _  Pressure (GPa)

= 0.65 =

| - X [ ] -

0.60 - .,

T T T T T T T T T T T T 1
5 10 15 20 25 30 35 40
Pressure (GPa)

B 2.10 A ALEAT Y 3L (dimax(P)/dinax(0))’ FELE 7 AL K Z 5 B A fhI A g o1
77 I T B A AR VPY/V(0). 3 E B T SE R AT ZAH(YobsYea) FE
HEENKZ, EF Y = (dnax(P)dman(0))’. B0 8 (B 55 A0 218, 52 4 0 A AR R 51
W fn il 618, Y 7 14 GPa LT A IE{H, 7 14 GPa DL L& fifl. #AE6R Z/)
T B o 5 R RD

Figure 2.10 The parameter (dmax(P)/dmax(0))°, which is proportional to the reduced
volume of the sample V(P)/V(0), as a function of pressure. The insert part shows a
plot of (Yobs-Yecal) vs P, where Y = (dmax(P)/dmax(O))3 . Blue circles stand the difference
between experimental data and fitting curve (Yops-Ycar), and the solid red line is the
zero. The (Yobs-Yca) Values almost deviate above zero at pressures below 14 GPa and
below the zero above 14 GPa, Error bars for experimental data are smaller than the
symbol size.
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250

= 5 points fit _
o 3 points fit | l

N
o
o

-
(@)
o

100

Bulk modulus (GPa)

9)
o

1 L L 1 L | " | L 1 L
0 5 10 15 20 25 30 35
Pressure (GPa)
B 211 R BHE Ak £ 7E 14GPa T LT — AN B0 F a4 K3,
a7 NMEAFFONEEFRESEGEFRSNEREHIER.
Figure 2.11 Bulk modulus K vs. pressure. A distinct break of bulk modulus occurs at
14 GPa, and the slopes below and above 14 GPa are different within the experimental
uncertainty indicating an amorphous to amorphous transition.

KRATME T CesnLanAligNisCuys A 4B 3 35 0y {8 o P fugi i . |
2.12 (a) &7 7 CeslanAlgNisCujs KHABFHIAE 0.1 T mEkahigv EHAH
(ZFC) a3 A #1(FC ) #urh th 2. W4 B & E SK 2| 300K WIR LR E N T2 E &,
2 I MR B AR, s R e, R B T B B B ek
T EAE212EEFERESK N M-H B4, WAALAAHABIEL, 3L
T REREEANEE RERAREEMHEERT, BR2ANIRESI. & 2.12
(b) B T a3 x BB AR 6 X R, FIA Curie-Weiss &1 1y = (T+0)/C
P& 80 K LA Lt # 38, BE|EA Ce JRTH T A MEAER(2.47+0.01) pg, B/
T C™ B T HyRE ML 2.54 up. WIREIRFE O 2 -44 K. KB $3E (<30K) BT 5
Ih—MNRAEEAT g (LAEE ), #EAbE 4 B R Curie-Weiss 1T Hh. FEAFAHEIE
F 2| AL IR L 6 =Z-1.7 K, B Ce | T 0 F- 344 80k 472 (2.06£0.01) pg, B 7
— MR TR Rkt . E 213 B 7 CesLaynAlgNisCurs 48 3
WERER#G A BT AT TREMEBEN TN RR. AL/ TE
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b, EHEOHCE N, FAKIE A DR, il 4 A 5 B
BERMRE -G, BREEANSBEIHGE EREMMEPY, £ 2K
DL, o T IR 0 A T Ak B 3 . 74k el L B p(T) p(4 K) 30 — A xd
REEXZ, BIUELAR p(DpE K)=a+pLnT, ¥ LIFE| 8K x % Z K
p=-3.36x10", XA IR AL TF 78 M A4S 4 b 4R 2 09 0B B R

= 25 2
320 @ —o—zFC
320 —e—FC 2o
K = -
3 w_a R R RE
z 5 B ,..-"' = .24
—~ 0[— R S S L B S PS
=
£ 400
D
E
v 200
=
— O | ) | Tgmperature (K) |
0 100 200 300

Temperature (K)

B 2.12 (a) CesLanAlgNisCuis A4 B HIEE 0.1 T n & #35 + 54 H(ZFC)
Fudgphay (FC) #haht %, WAMLES K2 300 KWEENTL2ES, #2
Y HBRE A, MR, R AR ESKNM-H#4%, &
AR r#mAR., (b) #3 ) WERMIBEEG R XA. £8 KU LMK
LT (LAEHE ), #AhE B H Curie-Weiss 1TH. HPRELERET AR 1y =
(T+0)/C Wy &M A

Figure 2.12 (a) Zero-field-cooled (ZFC) and field-cooled (FC) magnetization curves
at a field of 0.1 T for Ces;LasAl;6NisCu;s BMG alloy. The temperature dependences
of ZFC and FC magnetization curves for the sample completely coincide from 5 to
300 K, and increase monotonically with decreasing temperature. The M—H hysteresis
loop of the alloy at 5 K in the inset exhibits no magnetic hysteresis. (b) Inverse
susceptibility dependence of temperature. At high temperature (above 80 K) and low
temperature (below 30 K in the inset), the susceptibility y follow a Curie-Weiss
behavior evidently. The solid line represents the fit //y = (T+0)/C above 80 K.
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B 2.13 CesLanAlgNisCus & /BB HAF R NE LY (EBEE) i T 4T
#ip (TR R) TREBBEGEURR. AAMLLTFES, ERENS
WERTCE N, RAKIA DO REARR . S i 43 B o R B R SR — AN
EIR2KUT, A EE p(TY pdK) BT —MEEE x4, @dséenK
p(T)/p(4 K)=a+PLnT, ¥ AR E| 3% & £ 3K p=-3.36x10° (LAHE ).

Figure 2.13 The resistivity as a function of temperature for Ces;LaznAl16NisCus BMG
alloys with applied magnetic fields H=0 (blue solid circle) and 4 T (red open circle).
Two curves almost coincide and show no obvious magnetic dependence. The slope of
curves, called temperature coefficient of resistivity, is negative. Below 12 K, the
reduced resistivity p(T)/p(4 K) shows a logarithmic temperature dependence, p(7)/p(4
K)=o+BLnT, with a coefficient f=-3.36x10" in the inset.

4B T3 N AR U, o LI U B PR T 7 3 Am B AT 0 A S P 1 IR AR A AR A
BRI B AL Tz, E2A: Mrba dfs T 5 2 8 4 & (Kondo)
BN TR P 4 5 AR B K 2 W BE 2 (tunneling two-level)st # 55 & 480 1b 3%
MDA K BT — T EAA B, — SRR A S B,
6 I8 o, MR - o, FEL AR E B X R AP R RAF Y R e T — W T DA B AE A b
Mey—N 1" K Z WP, T — b Ce G AL LML E, —FatEL
TR AR SR AR AR Ty xd Bhv FELIR Ok R 002130 e R b AT
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o KREIR ST

"G XPY, WERNGRE S, EFRARRG>HENEEA, &
XA D a . Bk, RALANEME T, o5 E3 W BT kR
RRFZRWAEIER, FRTMBTRILG LR M, E4LBYHEF, TFHNE
MPEETHLREOGA, ME LXMW EEETEM. £LR e etaRE
W, X 3 AEFESLBRIHNRF R FHR AR, RTRHR
FRAX LR BRERGEZ R RE, RINHE “BERER, FHHR “NER.
BB T AN R R R E G EAER, BT ARER, iR,
TSGR £ I T Aot B Ak B — A e FELIE B xd 3hox RO i T oA
EAEA e, ETEA D AR . RATRK IS 13 5 ol B o s 7 A
SRR A P AXMAEANSNGRE LR —FKC, BR, KR
I EIEG A T & CesLanAligNisCuis @ BH BN EHEF TR IV SHEALE
LE AN IR, FEH PR,
HTYRXMERLIHSAEZNRRAEL LB H TR HRERL, Xk
TRIdaffbe T ARNEEFREIHIME, RINMEXMERSEER
BWEREHIETRT A Ce TEWBRIRE TEMMX.

2.3.2 CersAls — L& BF I T A 2 AL

% JuH CenLanAlgNisCuis 2B FH R E 4, Hb TR TEHb &
B RTARTHEMF R . BATHW A CesLan,AlioNisCuys 48 338 o & Il 1F 5
ERAHBMNIES Ce BYMK, HTRNFREXMIERZHEIAL” E6H
B, BNEITTEHEHKE Ce THEH CeAl HE-TLBWHELKE. BA
Al BREBMRFHE L TE Ce FHA, RIATHMFHG AR FE, Al
HwFEMEE, A THAONERSEET Ce WHR. FHHMH CersAbs =T
SR F AR ELRARY B IR R AR FEAFTIEE K. CersAls 72
BATE LG RSN E Ce RERSN TR, FhBTLHE L
i iy XRD #1 DSC e ll, #AH 34k & &5 40 5 il TR FA At HOR 2 5 . CersAlys B
G IR K4 4 439K, HITE 300K By £ iR T th AR e
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5 ®RATH CesLanAligNisCuis A4 B33 TEJL-FRF ¥, %EH Howard
Sheng 8 + X H A {EF L Ff B E X FHAPTH AR, LI T 7 CessAlis £/
PR P ATHIEEAHE H R R R AT — NS, BT T AN EREZHE
g2 — b R I BN AR 4 R AL T B R KU T A &S S
FRMEH 4 T EREAEE. B ATEERFES B P XME N F
SRS EHAEED?. MAEEK b, h—H D H 80 SIS IE XA 47 &
FHHE. ARIEF, KAZHT - ANEEN LR REEREXMEENE LA
WUEE. 80 IR RO SRR RN R L3 A2 e AR (4 223
SRR ), UEERORESARE, BAOBRTESNE N EREEN
LIRAENBITEREAE. B 214 BT 7T CersAbs 2 BF B EF RN 4K
71 XRD Ei, BT F % — 205 4 KA b 5 BB RS A A DAC
B, PTUHIEE SR 0.8 GPa. M 0.8 GPa %] 24.4 GPa thJE B E WA LR &
7 50 NEGE, ¥ET 8 XRD EiE R A& DAC SMEIKAF I, B TR 7 6 30
fLHBL, XRD F 3% i % — R BLAT 414 (FSDP)MLE & J7 B3 Jn 161 8 O 17 1
Hoh. BT AT Sl S At BRI T SRR IR AT R 8L Y B RAT AT U8, LB A
EHARPHFENRTT FRPBESRME. ELEPH T, XRD HEHNE —
RPUAT & (FSDP) Y WA (Bl 4 2m/Q1 AnfRAR A — AN B 69 48 4 o B ok 7 22
2L BT L 2m/Qn Mo E OB R E T T RR AR A A b AT T AE
KAVRA T g ek 4100 255 PR RO R R A 173 KR H R T
ER A, HAEREARE 13 EE 20/00 R L.
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Intensity (arb.units)

Bl 2.14 CersAlys 4 B 3 ¥5 R A1 & £ XRD B (& /74 0.8-24.4 GPa). B T/&
W B EAIER, % — RPATEIE (FSDP) M E e o & QB 7 m B 3.
Figure 2.14 In-situ high-pressure XRD patterns of Ce;sAlys metallic glass from 0.8 to
24.4 GPa. The position of FSDP shifts to the higher O values with increasing pressure
as a result of densification.

B 215 BT CersAls &8 FH M % — RUATHIE N IEL B4 2m/0, FE
IR AL N H AT DL B K T R O B R A A (K 3R B &S (low density
amorphous, LDA)fr & % J¥ 3F % A (high density amorphous, HDA)# —/> 1.5 GPa
3| 5 GPa W E s R oM. AHFERSEEETHAERRREEAMA 8.6%

(XEIL 2m/Q) 94 H 2.9% ). XA 45 F0 Howard Sheng 38 #y £5 5 K A1 P21,
BRBENWBELERALES T EPNENRENERE, XEFAMERS
(1.5 GPa DL T By T LA 40 5 GPa DL B R 2 5 B B A) B iF it HE A . |
TRATERENERERE, $RTENBEOTRZ W, EbEA RS H AR
6 4 7 DOWT e AR B S AF B B9 ARAEARAE, T E A Ce (9REAFRABK KR,
dn: T CessAlis & B H T A Z WA R E N A 2-13.5 GPa, & CersAlys 4/
AN 1.5-5 GPa, EARKIEE Ce P LM IMELEN K 09 GPa, KT
BEEANREANG Ce b BARHAABERNEETRRZETESBHHT,
BN Ce ETHRHFIRAR, BENELTFTE-NENKH.
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0.28 k l1.5GPa

0.26 o

27/Q, (nm)
/]

0.25

o

0.24 . ! . 1 . 1 : 1
0 5 10 15 20 25

Pressure (GPa)

Bl 2.15 CersAlys 48 335 5 — Sl WA oy 180 B & 77 B9 72 . AN R ¥T DU I
MUPBRARNS: KEZELS (LDA, EEESL) MEEEELES (HDA, 4
BREL) UK —/15 GPa 2| 5 GPa W3 XX, i TEId — HIRHFF T MEH
ERELAY, BEANBERERAD, EHERENTREANTHRRT.
Figure 2.15 Inverse FSDP positions 2/Q; of CessAlys metallic glass as a function of
pressure. Two distinct states, low density state (LDA, dashed black line) and high
density state (HDA, dashed red line) along with a transition region from about 1.5
GPa to 5 GPa can be identified. The data are smooth owing to the hydrostatic pressure
conditions, and the pressure uncertainty is smaller than the symbol size.

SN A e EYE, A B TFHERRNMETFRT KENLRE
LR AR EL T b Ce A BF T, Hib T HE 0 T FAEHHE,
SR — B oD A0 LI L. X AT &R SR & % R & R T 384 R
WRBET e T4, BRETARAE/RFHERN A EEE 10 keV LT
B X HeARANTR, TEFZEAELANEELEM TR BEAR. &
T3 T — NG P8 “Be B M-SR A RN ENHEA” (40224 EHH
ARTR ), BT NE A X A EITK, RET BREN CensAbs 2B H
B FEALEE Ce-Ly 3 X HARWGE, wHE 2.16 fir. ERET, FHETH
A A, RET RARBAN 4 BF, XARBEHERE —FEW. EmEE
WA, RUYGENIE KA 10 eV 3T BT — A&, RET 4B FHK
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Figure 2.16 In-situ high-pressure Ce L;-edge XAS spectra of Ce7sAlys metallic glass.
The arrows point to the 4/° and 4f' components. The appearance of the 4/’ feature
indicates the delocalization of 4f electron, and coincides with the volume collapse in
XRD results. Inset shows a schematic of the in-situ high-pressure XAS experimental
geometry.
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2.3.3 CersAlys — TG4 B 33 B TR 46 4 TR F o U B9 46 4T 4

SREBHENLRESR, ERAEFRAR, TEPEHN X FETAEE
WA M ET SO B RARGERKAFRZ —, TUARKAELEH
WA RBEFENE X HEENEBE NN FHEL. P —MHBEALRE,
-SRI HAERNENET SO+, F Iy EERTE N O 18 K8 i
ALy RAH A (pre-peak, FE), Bl Al 4B g 0, Mg A4
BB, ze X4 B, Ti X4 BHBEPERE B, — AN E S0)
W O (X0 6 T4 7T 6% 9 & B BB A o e R R R R 7 540
R, TEHETRETERBMALETHYRAFERFER FE FHER =+
E R B AT A A, (B R EARE MR B AT R R, A R R A
AT H B EA A DA g 30323900 (0 B IR AT B o T WA Ay AL BAT 4 2 E BT
I F B A AR

T CersAbs — LA BN X HAMTH LI, HATHEEAESE — KRBT
SR B R A — AN B W TS, WwE 217 Fir. AR RERATLNEE
B RS, AR I R E AT EE, TR TSR EREFRARY.
MAERALEE X HETHEA, EHE-NEH A, BRAHFHLNAERR, L X
W SR 5 A A R B T Fo R AR AR T, B AT MT A G AR
B BEFR BT MR T FERANEALEE X H4il, AEA A PDFgetX
R — PRIEEMEH. REERERZNEE, REETAREN T
B BT S5 B F S(O) A 2.18 B ). B AL F QM4 2-3 A By £ DK 3.5-5
ATWE R TENNBRE YL, HEEENNABT RS QU M. &F
CEHANTEERENIRE B ERREAL, XEETHEITAE 4 &
FARBA G AN Ce RIFEREERNDT. EFHN SOQHLT, X
QN 1.5 AT MR BT —MNEUNG TS, ERFRNE, WEESN
W3S A (JA 1.2 GPa | 24.4 GPa), FWEWEfr1E & O 7 WA 30 T 4 14.3%.,
i A 25 T (2.6£0.7)% (Ah~1.50 A 2|~1.54 AT K] py ), & I )
FEUESE. X—ARNERNEFEL LR TEMENMSE — T HHR.
T X T B S R AT N R R T B IR R AT 5 2 B BEE R B X
Bk 6 35 3 55 A B AR
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(a) CeT5A125 metallic glass (b) Air background
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Intensity (arb. units)
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Q (1/A)

B 2.17 #E%ET CersAlis MG #1233 R 8 XRD — 42 (a)fr — £ E (b).
Figure 2.17 The XRD patterns (a) and images (b) of CessAl,s MG and the air
background at ambient conditons.
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REENE, EEMHHFEELEDS T FSEEENE X AN TE.
Figure 2.18 The structure factor S(Q) of Ce;sAlys metallic glass as a function of

pressure. The numbers on each pattern denote the pressures. Dot lines show the range
of pre-peak positions shifting under pressures.
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2.4 KE/N&

(WA AETE=ZRE SRR FALEE X HEATHEA, RIE
Ces,LasAligNisCuis K& BT LN T HEBEELE KL N 14 GPa B 8y
RAKELEGEEN, EREARGBEFFAF BT T M ERSAERANER
ARERTINL., BRELTENTFERSE CeHBFNENFFEHAME,
ok, EA13—FME T CesLanAligNisCuys A B4 8 B 38 By 1% 5k 5 o v,
B, BEKAEAEET, BEREMRET (12KUT) RAT —NEEEHE
T VAT R BB A IR, KT & S8 Ce AR 8 1T R (Kondo) B 4T 2K R .
fBR ARG, ENEBAGHEE N, A KT R mI L
Hairax, o X0 ik B BUR B AR BRI fF B, BT CespLasnAlieNisCuis
AREBHH R B, B TERATRDHERNETEN, FUELLZRS
RN BB HRIEE.

Q) AT#H—FHREE Ce 2 BHBTERMEIM I LIALANE, Ueh
ERIE Ce TR MM ¥ = J0 CersAbs 2B F A 5, A F Lt wy R s E R 5
BA X FEATHEAR, ERABRABAEENTABREERFELMET, RIH#
AT CersALs & B I 1.5GPa T K AN —MIEEFERIZGEEERS
WERZHARE, #—F, BIFALHEMANLE DAC F 4T Ce-Ls 3 X 44
FAGE A, RATIEE] T & CersAbs 4B 35 F A0 X M RAR R 4 X 5K 4 &
FHE 1S5 2| 5GPa Z A —NELEREEE T AR, NTE —REHENER b
W T & Ce 2 BIHT R EIHAARN 4 TR AN, XML
WRMEEf Ce i & EMA, MEXMETHRYERLZHSH TR AL
GEBURFEEATH TRAIE TSR EHEHREGER LHAR
RREFE, BRT —MBEHNHTAER I HSAL T ANE, AE#—FH#
MNMIEEZHWEFRZFFEFERERSAEOFR. b, RINBE —KFR
T CersAlys 4B F3% () 254 ] F o o TS MR 77 69 R ALAT 7, RBLT Ry A g
JEGEMERFAE . X 7T R AR 2 AT x4 B 338 o Fo FUAAR X 0 38 B A B A .
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3 MEREMEERERSEBHHAMER

315 %

EH—EFBANAA R ER FER X fFEBARE CesLasAleNisCuys
RFLBHBHIRAT - NEAFREGS2FERARE, #—FPEME-T
CersALs @B FHHHNT —MNEAFFUNKEE RS BT EERHSHNE
mEREEE, FENER L, F—KIERAT 4 BT EREE THEREAT R
HAERBAE R T R Ce R BB TR Z M AL NRA.

MR AR R AR AR AR N BROR R, AR . SRR B
PR ARG BT, M o R SR e B R R B AR N R AR R B, Ik
BILE4. METESFMAR. X%, HibA et & — 22 AR
FHRN—NEEGE. S THAAGEAANRSZ RS GEZERSHE
mAERSHENE B, BEM AL, AMIXENIHERTHEED. 2007 F
YA ME LagAlioCupCoyr 1 NdgoAl gNijgCug A B4 B 3 55 th 5 & b FLAn £ #
%, 247 1.4 GPaf0 1.1 GPa K 3L T L FLA — /Bl OB P, A 24 ax b
WHNREZXAMARSBEFEMAR TR EHSHLGIE, ZRE &%
EERSAREEFERSERFH I MG ER. (2R, ROV IR LW
ML R LN, LA5RIANSBHHEREZHSH LM 0 4F £ T dE
R g XP 2N B R A ARSI RIERE R E i BTW
LaggAljoCupCo, KA S BH B O FEEZHZHIEL. Fet, BARLHERS
BBAT X SHAATH S, Sheng A ¥ =70 La 24 B 338 LajsAlys 75 v E 2|
40 GPa AR F 4 X AR B ET B EF T EH AT HHEPY Ex —F o,
BNETEAREAERLZHIN Ce X BFHWRT LIS AT B LSNP EM
FREEF, BELPFEN A, mEEN 4 BH B R L HEARNIR,
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3.2 &£
3.2.1 FF dn B 6 & Fo AL

FOfE S —E A W & R 8, RAOVAUA s & A (AR 8 5L
WEERE R a5, AEBTEHEEAANRF WEERRFTEHET Cedl
(x=60,65,75). LassAlys — LA B K CersAlySi, = LA BB AW AR, 434
R EE%H 1530 um, FA N 1-22 mm. A& % XRD 1 DSC ik #
WNRTELEFAEN. GoRE PR X FETHEEEENERN HASYLAB
[ 42 4T OL IR B BWS Rk EFF B, X 4T 40K 1=0.12398 A, 5B A &

7= Mar345 image plate.

3.2.2 JRAL B B 15 IR (R 25 48 AT XA AT A

JRAL 8 JE 5 i R 2P A8 A X AT R AT 4T L 56 = R 4B B X HASYLAB [ 2 48 4t
IR MAXS0 MR £ ERmERE RN, BENKEWERE R oA
3.1(a) i, EHEAEENR (EERK) X HEAFRLERE N EEFHAEL
FAERELDHNATR, EEREEENE (5HF135eV@6.3keV, 450 V@122
keV) £ 20=4.514°0[E & fa & L RATAME 5. &S AR 8 o 307 R B
JE4ol 3.1 (b) BT, AL A (BN) WEAEREE, WA 1 mm,
JEAR E# e AR (K4 1 mm), TH4% NaCl @& RIEAN AER, A AT
51132 NaCl B B A5 540, A5 Decker R A F BT E 15845 B W E H
DI ST 7 R A 5 IR R B e N ARk R RE R, | 250 MEYREKE B
WA EFRE. ARIFEPANTHEANEREL A B FRERRT £ B, &
FAadReENE, REEN+I K. BREEERFAETERTEENE, A
JE B 15 K/min B3 S pndh, 4 20 P& —2 XRD 47415 DL O0RE & oy
b ER. b, EEETEEMEE TONERELN SK.
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3.2.3 JR A By A KR R LN &

JEAsr % A R L PR B 2 3@ 3 7E DAC A T8 4E A 10 AR o v, g 434004 2
AL BT R RN E . Jo AR FARKF AR E KL E R
THEAN A ER-RTHAR e BT, Ex Ergain. xEE ANERINF
T 7 DAC P35 52 % WO AR o, 8 77 3% . B DAC #2128 (cryostat) B %
22| IR 72 ) 1 B By AR o, BATE S48 T301 # 57 72 DAC # HE £ 20 GPa,
RIE R4 K R IR R MR E, L7 AN A s T IR s B R4, B

Second stage anvil

(a) High pressure cell
First stage anvil

x-ray beam

Detector

s I

31 BEUgmhkgiR S Bates X FEMALEEMRETEE. (a
SREEMEEBEAR S BHREE LWLE. b) #RAERTIER. (1) M-
STREMAILTHR, Q) WF, ) Hhath, @) agf, (5 AtH
B, (6) A, (7) #H48, (8)NaCl &k, (9) AMMEMR, (10) 7B E.
Figure 3.1 Schematic illustration of in-situ high-pressure and high-temperature
synchrotron energy-dispersive x-ray diffraction. (a) The multi-anvil apparatus setup at
synchrotron x-ray beamline. (b) Schematic map of the sample assembly. (1)
Boron-epoxy cube. (2) Copper ring. (3) Pyrophyllite disk. (4) Graphite disk. (5) BN
disk. (6) Sample. (7) Thermocouple. (8) NaCl. (9) BN container. (10) Graphite heater.
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WK AT 28 3

e JE 2] 20 GPa, XAFH) — & 3L 7 AALHI 0 i - T IO 1 3R &40k B (A o
MARAT T301 #1484, B 'E M Bk 70 00 A% S 3R (1 — AN S R R SRR 918 A
Fr. IR EHOLTIE 4 um B 64 R B WA B BAR . 2N A JE R
TERAE T B2 4 400 um. H &Y E 4 K27 380 umx 100 pmx25 pum /N,
AN A ER T, AR5 0 EAR —#EN LT AR fE o T B iR
WEF (wE32 7). ERINMNENENBEN, KAEHHENT 1 GPa,
JE N R B A F W E R O kAR E . B TR AR — N E A
B A, BT DUEEAN B A oA i AR A T DU AL N A B9 JE A7 . I BN
AR R A LB, B LB AR A A R B AR [ 3 0 T301 [ K A He
Wi W JE &R I #9 2 KEITHLEY-2400 @A E 3 7%, ®IRERMEZL10pA,
W EAF £ pv.

@32Eﬁmﬁﬁﬁ%mmﬁ%1%%;¢ BEA. () REFHEERFEH
fofe i ME A%, (b) REEF TR DAC, (c) DAC P HK4 #y I AR
Aok S B A, 12,34 (KK T WA EAR.

Figure 3.2 Photos of in-situ high-pressure and low-temperature resistance
measurement system. (a) Photograph of cryostat with online raman system for
pressure measurement. (b) Photograph of DAC with manual four-probe circuit. (c)
Microphotograph of the manual four-probe circuit with sample in DAC. Four
electrodes are marked by 1,2,3.4.
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i W,

3.2.4 [ 2 48 5t Uk 3F ¥ X 4k 4T

Ce Hy 2p3d FARAF M X 4T &M (2p3d-RIXS) M E T Ce #y Ly L
W — A 2p-5d AR K 2 B (LR 3d-2p BB AT AR, BT ONSTRE R, fE
4% B MR B XAS LR B0y 4f B T Fo T v, F = [a] iy 300 7k 22 fh e B4R A
By AR (f d A ) BP0 273839 Ce iy 2p3d-RIXS REXE % =R F %
125X IR APS 8 HPCAT-ID-D ¥ K 4 EFER. X 4 ABA/NA 20 um x 50
um. A6 E AT ER B Si(400) BB RAR. HEREEANSG X HEKEE
GBS A R 45 EfA. R, BESNBEFMRNE=ZFLTEH -7 ZH
(Rowland) b. Gk EQTHENEEAHF KN 025V, H—F WAL HHZ 10s.

3.2.5 AL E K [ 48 5T XA AT 4T

Si MR CersALsSh 2B FHMNEME ER FEH X FEMTHERXA
Mao 3t 4R % ERE(DAC) EAS ABE, EFEFRZNE ZRE LSRN
F—— LR FEHHIRSSRP)E 15U MR EE X fHEot R EFEHN. £
R A TR A2 4 300 um, ¥ T301 &4 H HE 2| 25 GPa, RE&E
JERF T T —NEAFEL 150 um ILAE AR E. CersAlsSir 48 FH A Mt
P 8|k K27 50 pmx50 pmx25 pum By /N A RN FL A, R AR s AE b %
FEANFPOL T LR SRR 15U LR EMAAF R EE L, AR
ENEEAEAMNERG, FrURMNRA T 2WEANWER. EHOTEREE
WATHERE SRS, BaeRETBITERZDY, 26 X HEEKR
0.6884 A, RENIEA/NA S umxS pm. FHINE KA #Z Marl65 CCD, FNE
K RBN Ss. RGN = EA4T4 E L3 FIT2D SR 2A0 I8 44 3 pk — AT 51K

3.2.6 % AR IR b FEL Ao g 2 &

WOE KR B R # s N E R A A 4 B UK & 48 (Physical Properties
Measurement System, PPMS, Quantum Design, USA) % fk. W[ & &5, N
EREILA 10 mA, JF 4 11 Hz, BERE N 2-300 K. & &R A 50
VO AR I AR R Fe S e g 1 R T #AT T 2 K E U RBIEN T ER. &K
Aok Ay 6 T. #kF M EFEAFS R K LMK, BERE A 4.2-300 K.
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33XBERE Wik
33.0 #f R

S RFBEN — RN FMA LN TRAMN, BRI R P RAES ER
R AEKNETTL &t BCEERIREBEIFEMPERNRALE, £F
FEMBERN B, 2BRFBERRNNEN ——RREUEA T2 BIHEM S
B A E B X, AR RAL R E B R AR A B X A AT AT UK,
BAVK T CersAlis A B I 0.1 F| 4.2 GPa B & 0AT X, XAE /778 Bl iE
Wil T CensAbs @ BB NKEE RS THEEERSHNELES. H 33
B 7 7 CersAls 4 B3 FEE 1.1 GPa (a). 3.0 GPa (b)F AR EE THEMEEE
W SRS X AT . ERMEZ T, L 29.4keV (1.1 GPa)
#1.30.3 keV (3.0 GPa) [t T8 AW ( LT Z A RSB ARATEIE ) iRk 48 Lig”
FRTHBAATR2WERS, AECE A B 6T ARRILHIES R KB 1F
AR R B BN AT 41 Fn Ce B9 RONIE. EE 3.3 (a) fu(b)H, BARY
By AT L ARAT ST 08 B 7E 423 K A0 438 K W ILTE R 48 k6" AN, kWA
o e B A, FATHE AN IR A 41 96 fb I8 T TEBTAR 5 0.1 %] 4.2 GPa
JEAITREI A, CersAlys 4B P I & A4 Ak (5] FE A B HE N 7 10 Ces AL AR (5 A1 BF:
P6s/mme), XM Z CesAl 2% %R T A BARAEDY, b T ik, &AT
A5 T A4 4f T8 LassAlys £ B33 0.1 | 4.2 GPa & /756 B WY & 04T
K. B34 512703 GPaJE /T LapsAlys & BB AT R BE TR EE
ERE SRR B X HAATHE. LasALs 2 B HE BN R E /6 W
5 bR B E R A R —— R AA ST 7 LasAl AH(Z EA#: Pm3m). & 3.5 BF
T CersAlys 1 LassAlys £ B BBt G b I8 B T Ak H K . T LK IR 7 4 #
MERHEMIREI AR, ERUNARIE T2 —HNE R, EAY
1.5 GPa LT, CersAlys & B I & WIR L T, & & J7 038 T P& (B R 3
7 1.5GPa L EH % 4.2 GPa, VIR ZFEE JE 77 0938 fm R 98 GBI Am. £ 1.5 GPa
BRAT —AMFA, TANEHF L —FHA LR E XRD & I K A
EREHEEEERANERSIVISELEN -2, EXXW T HEEZH CersAls
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SEEREFENRES R X FEATAE. EBEANE D GE A& R &
B — A, TEEFARIE A hep CesAl. 1B A% dh AR RALAH 7= A B9 4T 514
BATIEN BN, TA Ce 8 714 03 BATIE T H K.

Figure 3.3 Exemplified in-situ HPHT-EDXRD patterns recorded at various
temperatures for Ce;sAlys metallic glass under 1.1 GPa (a) and 3.0 GPa (b). The
crystallization phases for each sample are identical during the whole pressure range
used and their diffraction peaks are marked by hcp CesAl. Some other diffraction
peaks for boron nitride originating from the sample holder are marked by BN, four
fluorescence peaks from Ce are also marked.
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SR HIEE LN CersAls 2B HFNH A FHR (RAMNHE) TR, @
LarsAls B FH 0 @ (B FE TR I T — MR H MR X R A0
5] 4.2 GPa )5 Jy I Py, B AR B AR LN 3.7 K/GPa. LarsAlys &
BB HO RS- @A BB R P AR B R ARAE, R AR R
JE 6l 5 48 41 XRD HAR7E LarsAbs 48 37 £ JL69 6 78 6 JE 7 63 7 13 318

B — By,

— I*
P=0.3GPa *

% La fluorescence peak

@ Cubic La_Al | *
e BN 3 L 2 |

It
J
‘ \ \I||\/‘

Intensity (arb.units)

503K ) o e I e |
498K | | . I. '
29318 ."AI‘I “L"w e o A, «Jﬁl \ J‘; ll""ﬂr-.f‘l ’ L"\.
,§2, §l§w —— MWM,«:,/‘ b ;” . | v I “w«':.mw | \Miwww
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Energy (keV)

K 3.4 Bl 28 LassAlys 2 B 3£ 0.3 GPa A [F IR T 8 R AL % % 5 i 6 25 48 4t
At B X AT BATH . LaysAlys 48 308 70 B AN A7 0 1 9410 & Al Bl [/ — b AH
7 B ARIE A cubic LasAl. 1E A A & 5 B9 &RALAH 7= £ B9 AT ST A7 18 8 BN, M
A La B 7% 04 0,2 BIRARIE T H K.

Figure 3.4 Exemplified in-situ HPHT-EDXRD patterns recorded at various
temperatures for La;sAlys metallic glass under 0.3 GPa. The crystallization phases for
each sample are identical during the whole pressure range used and their diffraction
peaks are marked by cubic LasAl. Some other diffraction peaks for boron nitride
originating from the sample holder are marked by BN, four fluorescence peaks from
La are also marked.
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BT & B e m A AR R E A AL AR Y Bl AL BT
W E AGHR TEAHEEL O, HEEH. &AM ER T KT A

[355].

by

AG™ +0Q,
N ) G

I=1,exp(—-

B, LE-NER kRBERERER, TRER.

w A AR B R R A2 P R AGHRUR T & AR An e i 24K
ZHMEEER, BEFAEFEHRAREL AG (FEDMTE), FEXHAR o 0
A, BTERREMAVTTREES PRME T AVP, o T 4F & A f0 & A
ER R TR BME ES, Ao THEXZAP

3
o

G «
(AG+AVP +E)’

R AR 3 AG, o f0 E e, W LUK IR A AL fe o v £ E IR
KT AVP. EFAERSE SN RAE T BB N, B LE KE A
P AR T AGHR/N, ANTIR#*GMG K AETE T.IE&; F—FE, EAERE
FEMBEEN, ERTEBREEAE, FUEAE &R R TIENELE
2o rEemEREMEERE, TAG. EHX &GSt Bk T X7 |
FEFRMEEEPS, EE35 %, 1.5 GPa LT E E &S CersAls 483
3 0 5 A0 IR LR 7 89 8 (R I SRR aT/dP, X VT B B TR R AGHH
B EET ERHAA. ZARER LR LagsAlys 4B BB A XN E 77 98 B i B4}
F dTJdP 4T A T2 A, Pt XA G R 50T fb 2 A8 B AE @ & CersAls 28
FE T RARRN RS 4o R TEMAX, ERALKNGET T RREE,
FEH— SR, WA 1.5 GPa L E, CersAlys 1 LassAlys 4B 34 &I IE
W #E dT/dP, B F CersAls & B F A AR A FFMA (4 33K/GPa), XA
BB AT O 4R oy H b4 B gt 3738 & 0-4 GPa £ KSR E A, EATHA
FAHEHE 0-30 K/GPa 2 8. A7 1.5GPa X AWM AN E RS B HE 3
A CesAlLs & BHHM R IV SELHMEE 4 BT ARRSEFRALH
$ %, IX{FFFFE 1.5 GPa DLk La fn Ce B B T ZAGRAE R R HBARML, FE b A
ZUAVEXANE S KA EAAMA&EMAT . e, BT 4 2 TRt

(3.2)
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TR E TE CersAlys A B I PARMRE ZRIESE (BEAE ), 7k H &k
TEEEERA CersAlys £ EF A EE A dT/dP {H (33 K/GPa).
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Bl 3.5 CessAlys #1 LagsAlys & B HH A LR E TAE N KRR, FETHEWL
I B2 Wt DSC R iy, e B R H 208 89 B A 2 ATIR.

Figure 3.5 Onset crystallization temperatures 7, of Ce;sAlys and LajsAl,s MGs as a
function of pressure. The data at ambient pressure were estimated from the DSC
measurements and marked by red solid stars.
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W T 4 TR R, % 8 Ce NG A S AT AR — i X B
%, RIBFEORE B TFREBEMEFATH, 0 RAMENATHCY EHXTFAT
Dy (299 3393600 g g K AT A PO 2 fm i A5 iy A AT AT, B AT AR
TR A AT A AT T K ENAT R, B B ek T AT H A T 24
AR 30439368 e g b F B WA A R X R TR A S, Bk e
B R AR N G5 AR AR — 07 R B 4 B RAE RO RATE S = At
T CesLagnAljgNisCurs A S48 3 0 v [ Avsk M i, REE T LA ET
EMFAE, FRTRNERSHIERNE, BERZ TRARER, TATEAN
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Figure 3.6 (a) The resistance as a function of temperature for Cess.Alys:, (x=0, 10, 15)
and LassAlys without magnetic fields. The inset shows linear logarithmic temperature

dependence of resistance of Ce-based metallic glasses at low

temperature. (b) The

comparison of resistance of Ce7s.Alysi, (x=0, 10, 15) metallic glasses as a function of
temperature with 6 T magnetic field (open circle) and without magnetic field H=0

(solid circle).
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Figure 3.8 (a) Magnetization curves at a field of 10000 Oe for Ce;sAlys and CegsAlss
metallic glasses. The inset shows the M—H hysteresis loops of both Ce;sAlys and
CecoAly metallic glasses at 5 K. (b) Inverse susceptibility y dependence of
temperature of both CessAlys and CegoAlsp metallic glasses. At high temperature
(above 120 K) and low temperature (below 30 K in the inset), the y follow a
Curie-Weiss behavior evidently. The solid lines represent the fits 1/y = (7-6)/C.
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Two distinct states, LDA (dashed blue line) and HDA (dashed green line) can be
identified. The pressure uncertainty is nearly identical to the symbol size.

it ER A RAL B E XRD £, BATHINT CersAlsSih £ BHHF R £
BEHEZUK Si BRAREFERZHASHELNR W, #—F, AR LEHESE
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e . B 3.14 §2 T CesAlySih, & B IE 2.5 GPa Fu i FIBE T H
By AL = JE i A B XRD . ERMEIEE T, W IAE 29.3 keV M4 6 F AL
“AE L R T HEN TAEES. AEGE S EE R A ERLNIES 5 K
Bl B R A AL BN B9 AT 418 fn Ce 90 OL I8, 7225 GPaE T, U4
Wi E| 443 K, =AW BN RS RASTHIE L AR B8 T, Xk
AT . BATHXANEE R R AEXANEN THSERMEE T &
03%|5.0GPaE HEE N, FE A THEZFEHSLREEEERHS, CersAlsSiy
4B B FEH 5 AL AR Bl R 8 55 3 S 7 hep-Ces Al 2544 B9 5 4R (22 ] £ P63/mmc).
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Figure 3.14 Exemplified in-situ HPHT-EDXRD patterns of Ce;sAly3Si; MG at 2.5
GPa and various temperatures.

15 20 2

IR CersAlsSi, 2B FH BARE T EN X RO (wE 3.15 F
T), BMNAELAEFREWESHZWERUATAHAEARE. EKRY 2 GPa bl
T CersAlysSir 48 B3 8 i AL IR LA E JE T 19 456 K (K %] 2 GPa A% # 440
K, &ILW A NAE dT,/dP= -7 K/IGPa. 7E A% 2 GPa LAk, CersAly;Si, 28
B AL E R I 4R X R dT/dP=23 K/GPa, &ALIRJE M 2 GPa &4 B
440 K, ¥ % 5 GPa ty 507 K. #it#0 CersAls 4B BB A EHAT b (B
3.5 RN HAESE), TUKI, EFHROENXEN, FAEREEMTH L
BAERL, (2R Si BB B CersAlys 2B B ALA E & th & (LB L fndk
INERLEE, SLME Si B AEEMBE LT CersAls 2B BB AT
PR XA L RS AR Ce R B I T A& 2 467 B0 a6 8 B SO0
EANALR G RRAEMN TR ERFRESHNERERZHSER, BT
LREE ey E & kgt
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Figure 3.15 Onset crystallization temperatures 7, of Ce;5Aly3Si; MG (blue solid cubic)
together with Ce;sAls MG (blue open cubic) as a function of pressure. The data at
ambient pressure were estimated from the DSC measurements and marked by black
solid stars. Solid and dash lines are as guides for the eyes.
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34 KE/NG

R E IR SR X HEATHAEE. RS R R R E
A, BMNARTHRELERSEE LIRS CorsAbs 2B FH O RAREE I E
BAENER UK ZER, BT A 478 F W LasAls 2 B35 (La BUK Ce)
BRAATAL, BRBATHEERSHIETNNBEERR LR f0 4f BT X
BRey, HFEAAT TR ENAYIE. BRI, RIERESBFFETE —K
I E] T A7 V8 4 ey vl PELIE B 2 O 9 B IE B 45, DA Rk o 3 A b A A L
MER| fehse . XEEN, THEHGBEIEFRZHIALZGRA, F i,
AR MRBERSHEF 4/ B TATANERAFRE R AT AHBAHERREL.

pegh, EATE KRR E LR P RAMREE X LK ETRT iR
BAIEE X BHEMTH L8, KT CensAlnSh 2 BHBEFHEAEFER LW
REFINE, BT T Sihda CersALs 2 BFEBUEG LB AR TN, &
HREALEE IR SRS X HEATH, #H—FKIAT CersAlsSh, & B HH A
MEBMSERNERMATHNNRE, BT MELRS LAt BHHNER LT
Ba By W N R BAER, X SRRt R A AN 2
TCAR i £ T A4 JB T3 AT e T R B R
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ABERFRSSBFETH &ML S K

418l %

SRMBETI L EFmAMNEETEAERRENMAL, SEMHHNE
R, T SERR R o A B AR — R £ M TR R A A (alloy). EILIE S M T
FIRHRIOIESE —R, AMIFFRE T RE 60 b am fh F 3 4 4 n oy 52 A
SR A, NERM%BRHARASE, AMIBIEMELETEFRXINE 4
MR EAXXAAREFRE T EENAC. 4, RAANSLMEHR
RBRAGSEEREGS. EXEMHF, —MHETLFHRES —MHETER
HREHFWHAE. BR, FTREMEMATEZAAT UEEMBENR, TEZIRE-
# B ¥4 (Hume-Rothery rules) WUET R EXWTEZFHNETFEENT
15%, T ftEZE/NT 04,

HEeh e BN EESL, SR, I &H 4 ETHHL
T Ce st fotd Loy bl £ 0 2 A T AN “ 5 4647 (Mischmetal) B A1},
JTRFTATKA . BaRmAl. EMBE. T sp BT EHN Al iAo MRS
TE, MR TERE Al 62K %, ERNGIAE ¥ EEGRELT . B
B, T Cefn Al 4 T2 2 28%. wAMZE 045, RFPRE-17EE 12,
CATZ A6 R E ka4, MABEREM (SH, wE4L fiz) A
B 7 4k % ik 4B B 4B 18] 4h & 4 (intermetallic compound). 7E4 & 8 {4441 =,
FEBETERET SEE G ARNLE, Bkt kot B2y, £
FRAERIAN K EL.

BERRARBRSUROG—ANBHATE, B9 R NET MK
R Fat, EETHRTNFET TR SR, g4 Science 2475
bR, FICE A K-Nifr K-Ag T8 E B iE TR T 48 a0, 8
RXBFHNOFRARRERNE R E. B BEATRMEREARERT
% JA] B B ¥, 40 Mg 0 Fe 7 20 GPa, 2470 K T 2 & 4%Hy B % /% , {2 %] 126 GPa,
3650 K, [ HE =S 10%°", i F Fe o Mg TR T R4 66 17, & 4/
VeI ETHEE, ([P A IR E 3R o 3R & 4 5 ZEAR 5 0 5 0 = R 305
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Figure 4.1 Phase diagram of Ce-Al binary system.

MNTFEA A4 FHmLTE Ce, TENERTHARL AR,
BT UL FETEM. BFEMHEE R REPS P % E 0.8 GPa iy
ENT, 4hCe & BEAE—NMINy-Cetl (fLFEEH fec £44) 3| a-Ce H (FHX
FEHy fec £54) MMM, EHA 15%MEFRR%E. A 1927 £ R E
% %315 % PW. Bridgman & — X KA T X —HHWELEMHE LR, Ce # y-a
B 5t — B % B KB A SR AR 5E AR DO P 3 A g T AP0 32 90y
. Ce M p-o HEHRNAR 4 BT RH BB TWRAKA £&5TH
AEMIEIMTE, MRS TEMFEERMBERMIAL, Flim: Mott 4 &P
YRR A DA, X A A B A0 T, BE T AR
FARGE ML A T R R T B Ce RTFAEANERRATWEZRE, Cefu Al Z
I6] 6y &b A V4 I o Bk A T e

EH_FER, RAFRE T CersAls — 4B I N & 5| 24.4 GPa & %
t, E1S5GPa kAT - MEHFFHREEFGAANGEEFLZANERLH
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B, —NEBNFEERL: WRAGWERNEGNE N, EETEELS CersAls
e REERRKEMLR? BRIARRATRAGEEERSLEHHAE
EEEN AT, Bk, ERES, RAE CersAbs — o BHHMESR T E
B HYJE #1(41 GPa), TE K% 25 GPa W9 JE /1 TIRE A I T — P31y foc G544 6
BRE4S CaAl EREAYRW BRI FAAFT, THREFEEET —NEIET
WRETH). BERMLEE X FEBBOEERAE —HEEITE, RINET T
b BT R B R Rk B AL
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4.2 LB
4.2.1 ¥ ] &

AR Ao o6 — 3 52 B0 0 44 1k 0 B AF 9 B A PR 3P R FIOR R v o L Al v
BHXAIR CersAbs £ BB R, HREEAAHN 15 pm, FE AN N 1 mm.
& A5 B 7N 7 55 3 25 4 (hep) B9 a-Ces Al A% i3l 11K CeqsAlys 4B B3 4 & T 200
°C #yRE i iR K 24 NEE R B &, BOKIRTRH a-CesAl B & AT 43T 147 7
FEWHEE, FHBITFESEHNRE XRD A T H 4 hep 045 & B ATH
A X R T R B a-CesAl B B4, ¥ %, 7 % WLE 5848 -CesAl
(JR %6 3177 A6 Y 3 e v Y,

422 FALE R R SR A X fEATR A Ce-Ly 8 X 4 &R Y
AATHEF -_FLR W RN T2 —HH LR AFMRE.
423 FALE EHOUA R E PR AT X A AT

JRAL 8 JE 8 U X AT S AT 4t 5L 30 % 3 T E X Bl APS By HPCAT X0 35 69 16-1D-B
F 4 EJF At Nd: YLF WOE R Andk 4 S JF & ey 1) B R 8ot £ 1840 & 1 T
R B 6 PR AW B AT E B A AR, A BB HOE B R/ 20 pm., FE Aw
PR B, T UHT X HEMTAER, REFREHESEETNENER. &
JE ey B 3 B O 4R A BB B B AL AHE 5 T IRAR, — AR B A
ME 900K L LB R . 900K LUT, B THAMETHREmMMERERK.

424 F—MREFHE

EHE—WREITE S, BATTHE T & fee-CesAl 64 8 Al LUK RS fn il
HAW Ce EHETHRTFEMEAM, SRELAAETEEZOER
(Density Functional Theory, DET)** *“®1#) VASP # # f (Vienna Ab initio
Simulation Package)*** kit & thy, JE# X H &P Y & F H M (Projector Augmented
Wave, PAW) POy J7 3%, R R BXT A ) A E YT (Generalized Gradient
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Approximation, GGA)*®,  PAW &% Al B9 8. F 4 3s3p, BHAH Ce Bt
HLF 4 Ss5p5des, M A Ce BiN T SsS5pafsdes. FiAMNITEERBF LA
IR aE A K OB PSRBT R e RSN, B AL E o e S A i
%, B AN TR LY E (Conjugate-gradient, CG) & i% 1% 2| 5 /ME.

43 LB ER 53tk
4.3.1 A Ce;Al &4 R B E A A

T — 2 R R R R B 4R 4t X AT AATAT, HATFF K T CersAbs 2 B 3
BWNEER| 244 GPa &M L4, KT E 1.5GPa K A —MNEF E LS
AT EERANERSVIEL. — MR FEER: RN NE
A CersAlys A B FEW 4K n/E 5| 244 GPa U LW EBE hok At 4?7 TR
BNHREL T XIANLY, ERAFABRABEENT, AR RS ER &R X
SASTHIKBET CersAls NFE—HEF| 41 GPa WATHEE. B 42 B5 7
CersAlys TEANE 7 T AT 4T B . 78 25 GPa AT, ME K78 B XRD E3# 7 L
Fiil, CersAbsR#FT R EAEN. B TEN FRMEE MR, THIE
VA& 4 W3 T B AT W A5 5, S GPa L E AR B A AR R R T
EEESHERYH. YRMEEESSBIHP I E S L 25 GPa iy, RAR
A AT A — f 28T B9 @ ARAE (o € &n B CesALAH By XRD A7 B XA L),
RN AR RE ENK. THEXMEEEHEME 41 GPa i A2 — AR
RHE, EZE R aHBAEETHIARERE. XEE —REAXM LB
WAL (EF S EHRFEAER)
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B (5 5 B ).

Figure 4.2 XRD patterns of Ce7sAlys metallic glass at high pressures and 298 K using
x-ray wavelength A= 0.3680 A, the transition occurs at 25 GPa. Intensity mismatch to
the fcc structure is due to the growth of large crystals in our sample (details will be
discussed in chapter 5).

HE —FWHARNpEETE THEEEFES CesAls 2 BHH T, Ce
W4T RAEFRRMIERTBRKMER RS, RIOVFALXHLL2AE Ce WFE
FHAEZHNFER, M Cefn Al HWATRERE T REMM, AT FE Ce
fo Al Z EIF R T — R E AR A 4, T ELSOR BT AR B A AR AT R R
k. TRRMNEFEGETRENEEM a-CesAl(P6y/mme) > H& EHE T H
MO R EE XRD 28 (k43 frr ). SRIESET RATWEN, £ o-CesAl
MRF, RAOWAER T EHNHF NP K. £ 127 GPa UT, AF a-CeAl
A, B225 15 GPa L b, WHI T AE CersAls 4B 3 o WA 2|y —F iy
A, JFEMEE W S BN . ER A2 42 GPa, R —H&
AR Tk, FTAE AR o-CesAl f I B 7 B AR S5 47 . (BR LR #1317
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0.3680 A, &L K AL 15GPa . HENIELKEE, HE 41.7 GPak
L T A,

Figure 4.3 XRD patterns of a-Ce;Al intermetallic compound at high pressures and
298 K using x-ray wavelength A= 0.3680 A. The transition occurs at 15 GPa. The
transition is sluggish and does not complete even up to 41.7 GPa.

GPa Bf, &M a-Ce; Al KT, XZEEABMNIL, 7 aeford R 12 6y 2
HFAR. Ea-CeAl FiF, FHGHIENEM, EEMEIRZE, LA
—ANERNFHE K, ZTRfeHs (—MESEHH, 7 —1MESZH)
B RPN AR T EE RSN A, N R ER(EEEFATR),

— R
4.3.2 F A Ces Al # R 5 1 45 49 FoAe A& 2 b

TEW 4.2 ol 4.3 o BT AT 6 37 A0 AT 4144 86 4% T G 37 (foo) B @ A 8 AT AL
(%A4.1), BT E—F Fm3m = WA HAAE (RAELFRE 2EE hkl 47
A LW I), KAk 41 GIBT SR, a-CesAl #F i o A CEY foe
(BT VAP T A B AT R BB R B CersAlys 4B B35 o A BB LA B At &
WHEY, XMEMFERPHENAX (ZBEE), INFTHNEHNLRTEE
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W N FIREEN o-CeAl 4, WARETEIETH p-CesAl 4 (S-CesAl
- MERFE RGN, ERAET, Al BT S 7 SAR R TR
{8, T Ce BT HEENALE, BT Pm3m 2 618 ). H A th @A b BN (~ 4.8 A),
B MEARTREN—NET, TENEEAG-NEREA, BT Ce fn Al
RO L7 B HA o 3 Se s T R FF B R BTS20 (Fm3m % R B AFAE ),
b ph S5 A — e — ML FE R R A B B R E4. B 44 @87 TAA
GSAS A By Rietveld 4515, WA ERFF LT, Bar T —A foo @G,
B 44 b0)BT T O HFEY a-CesAl. B-CesAl F3T & bty fec T B AR
ARG, XA G AR T AR 430 K T — HRFRE, 430K
U Eg I aast Rk pCeAl . EFRTETEAY —4F, AWRALTEHK
IAEAT A A Fo 4, XRD H0 8% A AL E By foo 4. HTAH 72 51 5 72 i 1 7] 3
WrEkEEN-TFHAETENTEHRZEOSR 15GPazd], REHTHIFHLK
RIELAG T Mg E. A THBMEE TR ¥ 2, HAIEAT Nd: YLF
BN A B8 AL B X A AT R BOR R LA & S s (T 900 K) By 1F
BT RAERENNT, BNELIT & 5-6GPa Z Al K & T —NrE2 T H IR
BT 3K AN A AR ARG B A A% R T A e DA BGX AT AR R T K AR AR
M, B RN R A VT A o RLR BT

FH# 41 UL CersAls & BH I a-CesAl £ 8 8] 1V & Y1 h 41 46 A B ik 8y
fee-Ces Al FTAHAEH E R F AR NE A THHEI S (a) 5@ |7 JE d.

Table 4.1 Unit-cell dimension (a) and d-spacings of the new fcc-Ce;Al alloy at
different pressures during decompression after its high-pressure, room-temperature
synthesis from the Ce;sAlys metallic glass and a-Ces;Al intermetallic compound
starting materials.

HHaA B 48 375 CersAlys 4 & a1 e a-CesAl

hkl dcal: A dobs’ A dcal, A dobs; A dcala A dobs: A dcala A dobs: A

111 2.8096 2.8099 2.6038 2.6038 2.8234 2.8205 2.6844 2.6841
200 24332 2.4311 22550 2.2581 2.4451 2.4538 2.3247 23312
220 1.7205 1.7202 1.5945 1.5943 1.7290 1.7287 1.6438 1.6439
311 1.4672 1.4672 13598 1.3609 1.4745 1.4732 1.4019 1.4031
222 1.4048 1.4049 13019 1.3016 1.4117 1.4095 1.3422 1.3426

P, GPa 0.0 6.2 0.0 3.2

a, A 4.8662(3) 4.5099(4) 4.8902(3) 4.6494(2)
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E 4.4 (a) NZ & a-Ce;Al ¥ # H A Y foc 48 (3.2 GPa) # Rietveld % 15-)
4 (wWRp=0.86%, Rp=0.59%, a=4.6494 + 0.0002 A ). } BB R T HAaM 4
i CesAl FEANFEFATHEAREERGME, BT Fm3m R E#, BET—
i foe #6544, & — MR T E B4 T A0 B IR 64, 7 & i (0,0,0), (0,0.5,0.5),
(0.5,0.5,0), (0.5,0,0.5) @ Mg & £, Ce BT dEAAHNILEN 0.75, T AR T &
ERABILEN 025, (b) DHNAHTFNUEN a-CesAl. f-CesAl FHT & FK HY
fee 707 B B EURAR By AR AR X L

Figure 4.4 (a) Rietveld refinement of the new fcc phase at 3.2 GPa synthesized from
polycrystalline a-Ce;Al (WRp=0.86%, Rp=0.59%, a=4.6494 + 0.0002 A). The
refinement indicates the atoms at the four equivalent Fm3m lattice points are
indistinguishable, i.e., the fcc phase is a substitutional, solid-solution alloy of Ces;Al
with the Ce occupancy of 0.75 and Al occupancy of 0.25 at lattice points (0,0,0),
(0,0.5,0.5), (0.5,0.5,0), (0.5,0,0.5). (b) Crystal structures of the two ordered
compounds a-Ce3;Al and f-CesAl, and the new disordered fcc-CesAl alloy.

99



RN L w7088

4.3.3 A CesAl B EARE 44T T AL FE
433.1 F—MREETH

W Ce RYERE T £ AMATH R G H ket 47 b F 454l A K02
2 BAVE M X A H A fec-CesAl B ESATETE THH KBTS Ce th
AETWEETARR. A THRXMHAEE fec-CesAl B BRSSO KK
WL, RATA fec-CesAl Bl BG4 F 8 Al R 4 8T A TR BEKIEAH Ce
EARENTHERET 2 o f T T8 —MEEITH. E45 257 0L Al
BF X 5%, FZ%A Darken-Gurry HM R R E B EER. EHBEET,
A BT AT RBAE Ce W R Al £ JE T4 F0d G 7 £ 7 KK A
BREBREE. EEAERAT, BT Ce Al ETEHMN ENZR, Al fn4f
WT AT RBSH Ce 9 RTHA2ZM /N, B2 Yk Ji5 %] 40 GPa B, —# 1
RTH#B7ZMARELE 22%; 5 —H W, EAHT KT Al fo 4f 8, F LA T RBSH
Ce tim itk Z F, ATIEALT Al A0 4f B F 2 FRBAH Ce B EBERELH
i, RUEFEEET, Alfn4 EFATRIERN Cety B TFIEERA
18%, % /& f73 % 20 GPa B, Ce #1 Al TR T EHEEECAIEE H THE
THEEH—FHNE 15%., H, EHORESR Al Fo 4F BT L TFRBESH
Ce Z B[ Wy U MEZ 4 /N, T Ce fo Al FE B 5 T 54 fATT A 71 fk L4
WEFEHMEA T ENF RO 4 2T EREMELER Cefn AlEFHET &KX
BADL, LAR AR B R AR IR 2R B AR, 3R B K CesAl BB A 4.

4.3.3.2 Fec-CesAl [H B A4 AR -E /7t 4

bk ey e R R A E ARG T AR A T R AR, AR R AL
A X A EATH, RATH— BT X fec-CesAl 24 A 40 GPa Z| ¥ & #y45
AREAMAR (PV B, K fec-Codl &4 4 BT FARSRELLIE
. B 4.6 Bor 73T XRD MEH fec-CesAl &4 W hFR 1 a-CesAl 48 A1 4
YIEHARAR, U R HE4E Ce (BIERBAH y-Ce Fuil i A M a-Ce) Fadl Al RAR#
412027 1T 3 9 fin R A (Vegard's law) IS AR 21 89 3: 1 8545 18 6 41 (Ces Al
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ETR BV et Va)s BVacetVa). EATFH UK I B & 3, foe-CesAl A4 B AR
BTGV et V), BRERNT 2%. KT fec-CesAl &4 FH Ce 5
ETTEAT a-Ce & (4f B TFMHA ). Y& HHEMKE 3 GPa LT A, NE 46
g E R RATT UL I, fec-CesAl AAWERBREBIK, RGOV, Vo)t
a-CesAl 4B F LM IR, X EERLYW T & fec-CesAl o, YJEJH#
Ja, fee-CesAl G i 4f BT R ABE THRIESKE (ZVHHKRE) 5
TRBA, M5 4F 8T8 5 3B A — 30 A % 20 K AR AR 30 48 2Rt & 7T 3 4
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Figure 4.5 Darken-Gurry map of Ce in reference to Al calculated from theory. Results
for pressures of 0, 10, 20, 30, and 40 GPa are shown by circles (4f electron localized,
blue; itinerant, red). Arrows indicate the direction of increasing pressure.

101



HRAPNE o L w VATSS'S

120
120 "«
\ -
."§'
—
& 110
< 3
o E
= o
o y—
- 100 :11.100
n
o 54
S
E 1 1 1 1 1 1
5 00 056 10 15 20 25 30
: Pressure (G
Q_-, 80 +
>
i | 1 1 ! | 1 hhlh
0 10 20 30 40

Pressure (GPa)

Bl 4.6 % K 5| 40 GPa #y CesAl By P-V %k %, a-CesAl (2177 3 ) Fu fee-Ces Al
(W77 5k) B2 @ R E XRD oA 78 fm & fo ol JE 1R R ARF 00 .
S B R THRAE 1 GPa LT R LGVt Va) K BVacetVa) it 3,
THER R oy Rt a5 B A4 e B A sh AR T AR . 3 BN 1R 2
3GPa YR MK, EH = AR R KR B i £ R 4 Ce AR B0 IR
THAR .
Figure 4.6 P-V relations for CesAl up to 40 GPa. The high-pressure volumes of
0-Ce;Al (red squares) and fcc alloy (blue squares) were determined in the present
study by in-situ XRD during pressure increase and release. The dashed curves are
(BVycetVa) and (3VucetVa) at pressures below and above 1 GPa, respectively,
calculated using results from the volumes for pure Ce (V¢,) 41 and pure Al (V4)) 14131,
Inset: expanded P-V plot up to 3 GPa; recent high-precision data of V¢, from ref. 1*'*!
are used to calculate the black triangles.
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4.3.3.3 & BEALRE P48 4T X 4 & RUGE

AT NER PHEHEMAER S 4 B FHRES, RAN#—FFET BERML
X #HEBRRELE. B 47 B3 T ARNREFER: o-CeAl 25 [F k64 Fn
CersAlys & B F TR 11 T8 Ce-Ly i X WA R, WALERFH TR H
— AN A ERAE, RET R TFRAATREA. EmERIES, RET
Wt Ay 4f 3 B BATIES 2 122 GPa R 17 T AL, T ELMEE JE A7 3 Anig
WU K. ARAE 43,1 TP Hy XRD Ak, EEE T a-CesAl 2B B L&4
A0 CersAlys 4B B I B 2 34 B fec-Ces Al &4, WA EE T fee-CesAl &
Aty AF B FAATRORS, EHENIRY, 4 SHEEEHRT, R)E
P 1-2 GPa ZE TAM K, HAKER| T 4 4f BALER S, XANERE KA
T A BT foo-CeAl G WM HH A RPN T L, RERTRHEAS. WHA]
fnil RS Ce fn Al BHBRAMBETHEEZw i E, XKRH T HERRF
B KR foc-CesAl 4k —f “FRE-REE” EEKe4s. B2 HTEN
HKERARE - NELT IR, RNOTEER 4 B TFATaEH TR
R RHEA.

EHEHIRSY, ETFHERBRE-—RBAAHTATRETFTRENLE,
RERAGKE. BR fee-CosAl G2WETMHERE (i BfF-HFEME
) AFERTHEs, HikthRZE, ATHE fec-CesAl &4 A4 H E (R 77 2|
FREE., REXNNE - HREERTHXARBHE TN AFTENEE,
B R KA LIS E LB XA fee-CesAl A4 5L fb 4% 74 2 1 51 JE )5 % 1 1 45
TREBEEREN a-CaAl MR TATFHERM, £AT Ce FFEHEI
BdmET 4 v FRHKE B R BT 5 BRI KT 88 %A 34 B SRk R
HyMEZ (Lindemann) H3E I FAENS YO ATE S E T e in L AE &
3t AL XRD & I fec-CesAl &4 A 2| 430 K 4 # % i T p-CesAl 48 ( Pm3m
A ). IWE 44 BB EATE, 430K, fec-CesAl &4 H Ce fu Al
BRI EET AT, XLEHERZWXMIFAMN fec-CesAl 4MHZHT
Af BT RB-FERBAE LI RGE T EREAETHMTELY, ERTE
WHBREZ 2D NFFEGRTHALEETHER Y, EFRTENTEMN.

103



RN L w7088

N
(&)

N
o
I

-
()]
I

-
o
I

Decompression
!

-:I‘ e — '_'-.-"/..-’ /)
Compression "/

o
(3
L

i 1 ] i 1 L 1 L 1 1 1

(b)

w o
o O

Normalized intensity

N
o
i

-3
(&)
T T

X
Decopression
\

-
o
I

1
L
i T 1 I 1 1 1 1 1 1 1 L
5.69 5.70 5.7 4 4 s 574 2.0 5.76

E, (keV)

E 4.7 a-Ce;Al & |t &4 (a) T CersAlys 4B H 3 (b) W REALEE Ce-L; # X
FHERBCE. 56 fo 6 th SRR 48 SR P B ROPE, 208t 4R
AR fec-CesAl &7 31 £ 1042 oF B9 BOKE B . EE W& LR FRERE
H, FkpREE 40 fmayf BFA. 4 BFREFETHRIERNT 4/ 8F
ty 3E By Ak, X AN R o [ 4.6 LB B ARAR AR E K B AR bR — B
Figure 4.7 In-situ XAS spectra of Ce L;-edge with (a) a-CesAl compound, and (b)
Ce;Al metallic glass as the starting materials. Starting phases during compression
(green and blue curves), and fcc alloy after conversion and during decompression (red
curves) are shown. The numbers on each pattern denote the pressures, and the arrows
point to the 4/ and 4/' components. The appearance of the 4/’ feature indicates the
delocalization of 4f electron. This coincides with the relatively sharp drop in pressure
dependence observed in Ce;Al volume in Figure 4.6.
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4.4 RFE/NE

BT Cefn Al TEWE THA £ 28%. wBAME 045, RFEREREET
%, BMNZELRT EHREBREE. KRS mE, RITEERTAFHHLHE
BRI H R CersAls — L4 B I (A RIE 1>25 GPa) #1 a-Ce;Al 48 A ft &
YI(&BJE /1>15 GPa)ih &, AR T — M # AL foc-Ces Al R A B k64, &
SRFBINERENRE, ERMERETHNE, EZRELBEANEN T HE
BRIENMAERM, EEMEIBRFMERZEL#HITLI R L. GERUGHERY
B X FEATH. BUGERFES X FERUGE UKL E —HEETE, BAT
BRT A BT ARRSERBES NI RES Ce o Al R THERBGHEER
TEB T R AR MR AN, AR T ARE R B R AT 5 B foe-CesAl B B4R A
SWFRK. SENR2HEEE, REFH fec-CesAl B BRE 4 HH 4 B F AR
3 TRBS, ERARTEMEFETRFETRE, KARNERT —HAH
MEEEEETRERN “FREREE BRERESS4H. R, BFEA
# XRD %R %, KATWHTR TRXM foc-CesAl FURAF AL LM THE.
BTNEANFRNEBEHBREBEANENEEBREENMET0EE KL,
A, — RN T2 RIS REE AT, BERESMEEEaREN
B, BEk, XMHAM T OGN E NG LEFE RSB A E TR
R — A RRRE, T RM fec-CesAl BUR A BAAE 4 AR a B o
BARRTME, FEH—FH. ELHNERMERH T,
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SERTENHIWERFAE L

515 %

SRR SR IERE IR G R AR, BT LA R PR &
KA. KEBWAARE, 2BFBERIRG, BEREG BT
M. @RI Ef R AR EIE R, — 7\, AT RIEH
MR R, ARATRETERAR LT ERX AR 5@,
4B IR AL B R X A AR R, AT e AR R B A AR A AL B o LR R K
AR EEBIHOGERMEEDY. Bk, BURLBIHAHRE - N EHEE.
Rl EELHRA. 55 RUAREFBRRERRE L, RETLF
Ao Z R B — AR R R A — MO R Y A% A KLY Rk AL B B
Z R, mAERES, BN RE M EETANELIAL: EERTES
HeH BRE” BARL.

EE—F4, BNECEHRTERTHEEISH CersAls £ B JHE 25 GPa
RERWUT KT — MR fec-CesAl BlEARE S, EAETR, HIEALEML
WA HATH — P itk GRARI MR KL BPORFBLIH LW
BAR B ILEZ T, CersAlys 4B B8 A — MR/ [ 7 K 18] B AR &
BB A, T EL A2 B (AR B (R B A A il A B AT BRI LT R & T
B — Mt Rz gm” B XA e Bk R AT TR T — A
MhoRp 8 7 v AT R BB M BT A R S AR, R T & B W R T4
H1E RIRBH 8.

5.2 L
5.2.1 B il &

R o —F SR o B R B F AR B AR B R (SR 99.999% ) R4 AL
Yo ik Au A Bl & CersAbs & BB A MR (ribbon) &, HREEA A 15
um, S0 | mm. BiARE S #E DSC An XRD Hll#h A 2 4F & A 240
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KRATEHE _ELRMAH AN T B LRFEREER, R TR
SAE A E R . X 5T &AT 5 6 T 45 M % 4 Marl65 CCD #0 Mar345 Image Plate.

5.2.3 B EE AT BARE AT

& B T B 2 HE R LA e A R L R T RO, E R
TR A 3 BN AR H BT ERREER T IINBRER, WL & E
FURAZ AN, HHFROHEEmEREY, ARNTEHRIEF, CersAls 2BK
BAWE B G R &R THMIERE. BT CersAlys £ 8 BB,
FrABATE R T EE TS0 LR, R EH BRI Lo A &3
BRRIR. W5 LT T BN T @ DR, AR R L. 25 A
EBAN TR E RS A BRI R AAER, N, LA R N
FAWMEFEBRT, REEAFRMETRENEE - LB BT R, &
WR T AER, REAPSE T 7AW, B8 R IR %G FH R,
RERENEIHER. B TEME R SR A AN Bk s it
BIRAN, PO ER R T AR o ] g A i A

524 F —MREEITHE

M EHEITEZ A AT AT ® EZ %4 (Density Functional Theory,
DFT)** *%4y VASP #k {4, (Vienna Ab initio Simulation Package)**5k Jf &, &
PR R Z Y & T H W (Projector Augmented Wave, PAW) YO 77 3%, 78 4 % B IR
KT XAE AL (Generalized Gradient Approximation, GGA)*?!), #t PAW J& %
AL TR 3s3p, RIIRAH Ce & S5s5pS5d6s, A Ce i 5s5p4f5d6s.
Fra it E 54 & MR, HF B LR R & REF. Fee-CesAl A2 46K Al
7 108 MEF.
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5.3 LW ER 5 Wb
5.3.1 CersAlys 48 3 75 5 A o 22 5 B

B 5.1 B7 7 CersAbs & BHFBEARNE A TH XRD Big. AE 5.1(a)
AL I, 7 24.4GPa LU, XRD B3 7 %A (207 2 86 ARAT 4704 H 3,
HARRRFET RANEREHEIE., YR InE KXY 0.6 GPa, & HiAE|
25 GPa B, i R Am A, EATHERE L& “2 & RIS EZE (B 5.1 (b)
B ). BATEAMMERIT T X L EBAHTH CRIEAD: 15 umx15
pm), BABEMNERMETRTES, ERATER M E @ RITAE G, #
mEHEREEE, RFETRE. HFELERET, EFUE T HEEHEHH XRD
W WIE X A& BOLE AR /N A B 35 A B (rocking), BATRE T A RER
B E AR R AT A A E (L 5.2). BT A 3E B 4 R e A
fee BRGHIHY [1TO] 5 W ATA AT, I 5.2 T 77 B34 RL 4 A% B oy JL AT
KEZEEMfn, [111] @ EAREFLATHERAKE X T (FlE2EFH
FAAE ), W10 @M EFEELTHERLE, BEZ 7M. #iE8KE
XY (BB R EA R /NS s &, STEMBAEAELLE
%), RFWELT ERWER, [110] %M EREF Z i, FE(111] &
mAERMIEE X i (ERPELRNNEFE TR S EUARKZ),
A8 % B R F7 78 25 GPa £ T 3h (22-26 GPa), X# kW T 7 — % Bk £ 5 B
W, CersAlys &8 B8 44 A dh & LA B9 B 4R o B B fn 4 o A i B AR &
W IT R &, FERIE — MR
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Bl 5.1 CersAbs 4B 33 6 FALE £ XRD EHGHAENZEN). (a) HERE
DAC # kit 12 B AT 4T3 . 72 244 GPa LT, B E R T R RS EH,
T 25 GPa # fi RN KA d b (b) CersAlys 4B H3H A8 A #I /5 1 CCD L%y
ZHRMAE, B WA RBEAETRSNRESR AN ERITHE. &
244 GPa, H BT TERSEYHRBMNITHIN, £ 25GPa, HRRAKET
mt, BA T —M “B&” ROBAMTHAE. BdH s X HEotmas g s
W, KIVEAAER IR BT FAFSATA B,

Figure 5.1 In-situ high-pressure XRD of CessAlys metallic glass in DAC with helium
as the pressure medium. (a) The XRD patterns during compression. Below 24.4 GPa,
the sample remained fully amorphous structure, a sudden crystallization happened at
25.0 GPa. (b) The 2-dimention diffraction images of Ce;sAl,s metallic glass before
and after the transition recorded by CCD. The red spots are masks of diamond
diffraction. At 24.4 GPa, the sample remained fully amorphous structure, a sudden
transition into crystalline phase happened at 25.0 GPa with a single crystal-like spotty
diffraction pattern. The whole sample showed almost the same diffraction pattern in
2-dimensional scanning.
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Melt-spinning

K52 HEREEN CeAl &AM R TR E. HTHIE A S F foc BiRLE
MIE[110] 5 4 SR ARAT . B R S0 ol B o 7 435 A i o AT 5T 3 A B )L
B R Z. [1]&EFATTAEERN X F M.

Figure 5.2 The 2-dimension diffraction image of the Ces;Al new phase quenched to
ambient pressure. The pattern can be indexed with [110]zone-axe of a fcc lattice.

The relationship between crystalline orientation and ribbon sample geometry is
clearly presented. The [111] direction is along the X axis of the ribbon sample.

5.3.2 CersAlys 48 35 35 i A0 B [ € B 1| K &

AT H=FHIN CersAls 4B P B E T K £ 09 FLA B & AR B B
B PR R TR R I, BAVE — A BB R Rk, FATH R XS
&R A ERE(DAC)F, FHRATHAEALENF, RIET RITHEHEN
. EREITKAE 25 GPa, AR EBME 2L, BT TER—HHES
BRAATHE (JLE 53 Bir). T RBAE R0 & A R AR AT,
ERAE R TR E KR, THHTH TR E AN IE, @
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RZBNEMEAHAREAE T 7. RORE ANEB MY R T EKE (1) S
FH5H DAC FHEAME; Q) FhaAFAMWES. TERNALTHRE
DAC R E W7 X, TR FATHE, Wik — €Az (wE 54 F
), mRERNEAREfENBEAR (REXR(NEF —ZENEZHhT, L4
TESE T R AR A1 Ao e BN SE B ob R R R SRR T T LR S B R A
W), MLFEHBELRE, BT DAC ERFHENBELRE, NizfE
S3F R AHMMER, BERER EMES3 PHEALRE, BS54 857 B
BT A —AFNAT RIS EE, WA T F R 09 & A B R B SR
P XANERPA T B AT HE R X R RTEREFRLRY . [F A,
AT E#—FHAENBEAR A IR, R TE DAC # FREME
ENRESREINENRE, BEEEFR (WE 55 iz). BTEABER
BT ENNFBE AT, HEE33IGPart (RATAELMEEN) LR
R, T BTN AT EE S 2 &AL #E, WAL RERRESR ).
BAA AR GPal BT T RAWEZ BEH. HbTh, EIWELSERELY
PLEALILE B % SR T A B B K R

WA FAH LA LR, RO AR NAANEEIRE X R IZEEFRARY.
WRKE CersAlys & BF AW RAS WEMEN N A H M (BmKk),
LEFFEET IR E TR K R Z R R, (B8 T B AR K R E Rk, RATRIER
IR 363 K (90°C) HyE i 38 K 3 /NEF, #RJE #H4T 7 AL & XRD .
AAERER, HEPRERT T2 ERHSFHE. BY4E /% 26 GPa X A&
mibE, HRLEEME—NEEREXRNESL, Wl T BERRE L
W B 2 AN R AT S B R T X0 SR BT E &3S CersAlys 2B B8 AF i o 8y
H A B R BUIE ok 2 6 B A B SR Ao R AT TEAE B B B B A5 A B B AR
K.

111



WK AT 28 3

Kl 5.3 [ BfFA4T % 78 DAC B W 3 CersAlys 4B B35 4 4 AR i J AL AT 5T I AT b
B 1 (a) FdER 2 (b)E K4 25 GPa K & G fb /e th —ATH AR — . £W
T DACH, FANEMGANERNREFIEXZ - (1117 mEREE

o X i, [110] R 50E Z m ). Eig Ea2r 0% e A0 28 i 2 0 ok

BN AR A, (o) $LFE B-FATRAE DAC 8 ME & 8 BN F 1B
bro BHERATRAMEAGENR. 2N FEERETEEAE A 400 pm, 7R 5
RNE — CersAlys & BF AW E TRy, #5144 50x40 um® , # 8 2
%4 30x40 pm*. (d) HEVE R A X Ry REE.

Figure 5.3 The comparison of diffraction images of two CessAlys metallic glass
samples after crystallization parallel loaded in DAC at the same time. The diffraction
images of sample 1 (a) and sample 2 (b) at about 25 GPa after the transition are
almost the same, which indicates the crystallized crystals in two separate parts have

the same crystallography orientations ([111] direction is along X axis and [110] is

along Z axis). The red spots are masks of diamond diffraction. (c) The
photomicrograph of the two separate samples loaded in the DAC with helium as the
pressure medium, which come from the same piece of CessAlys metallic glass ribbon
by mechanical cutting into two parts. The diamond culet size is 400 um. The sample 1
is about 50x40 pum? the sample 2 is about 30x40 pum?. (d) The sketch of sample
cutting and orientation relationship with the ribbon geometry.
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Zé‘ Gasket
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Bl 5.4 DLIALEE B X R Fl B 3 2 DAC o 8y 7 Soe i LB (9T ST B A Ik, A o
1 (a) ¥ & 2 (b)7E K2 31 GPa 6 BT AT B A K. (c) AL EE KA DAC
FIAMERNBBOLFR . RATHRAFEIEEANR. 20 FTE EE A
400 um, FIRAE G NE — CersAlys & B I I 44 YT RE (WK 5.3 —4F),
R 1A 60x40 pm® , R 2 44 30x40 pm?. (d) B R 7E DAC # & ik
HEHTEE. THETLEN SN ZENRE SN A NERTHIEA.

Figure 5.4 The comparison of diffraction images of two samples after crystallization
approximately orthogonally loaded in DAC at the same time. The diffraction images
of sample 1 (a) and sample 2 (b) at about 31 GPa are obviously different. (¢) The
photomicrograph of the two separate samples loaded in the DAC with helium as the
pressure medium, which come from the same piece of CessAlys metallic glass ribbon
by mechanical cutting into two parts (the same as shown in fig. 5.3 (c¢)). The diamond
culet size is 400 um. The sample 1 is about 70x40 pm?, the sample 2 is about 30x40
um?. (d) The sketch of loading geometry of two samples in DAC. The red spots in
diffraction images are masks of diamond diffraction.
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Bl 5.5 Tte EABUEILT 8 CersAlys 4B 3 09 F AL 5 & XRD Bk, #RMER
Mar345 image plate, X S K X 04428 A. (a) 7 33.2 GPa, H TIAZEAN
B, BREEWE FiRZH 0GR fec-CeAl £ &AM, (b) & 468
GPa, &A% E K T fec-CesAl % & fa i A

Figure 5.5 In-situ high-pressure XRD of Ce;sAlys metallic glass in DAC with Mar345
image plate as the detector, x-ray wavelength of 0.4428 A and without pressure
medium. (a) At 33.2 GPa, the sample partially crystallized into polycrystalline
fcc-Ces Al phase because of the pressure gradient. (b) At 46.8 GPa, the sample totally
crystallized into polycrystalline fcc-CesAl phase.
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B 5.6 23R KB CersAls 4B B & R 8 E — % XRD A, X fonK
024797 A, N2 K Mar345 image plate. #7445 FF i 5 705 i £ 3t 363 K 1B
K 3/NEH CersAlLs & B3 . ZRITE L ELBANE, RF URAENEE
AN DAC #HATEALE E XRD %4%:. (a) £ 4 GPa, HEET T oW
FHE. (b) 7 26 GPa, A% d 5T 4 b ik — 26 B W B B @ iR B B & @ IR
d. FTATE R B R SRR B N A AT A

Figure 5.6 The diffraction pattern of an annealed Ce;sAlys metallic glass sample with
the x-ray wavelength of 0.24797A and detector of Mar345 image plate, the starting
sample was kept isothermal in silicon oil at 363 K for 3 hours, after the surface
polishing, then was loaded in DAC with helium and was compressed into
crystallization. (a) At 4 GPa, the sample remained fully amorphous structure. (b) At
26 GPa, the sample totally crystallized into a few relative random crystals. The red
spots in diffraction images are masks of diamond diffraction.
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53.3 #l &K CersAls & B FH N MINEH

Wit FH 532 FHNERFN, RAHAT HES CersAbs &8 FBHE
oo B R R K R RS S IR Fu b R o A A B A
k. TRBNFA—FFR THED CersAlys 2B 3 4 A B 464y, K E
BGPTSR . B 57 B8 7B ERE RGN &S
CersALs & B FH AT RN B REREHE . ERRHIHRITBEN,
WH K I 54 L dE3H A (BUatE ) Wi B, CensAls 2B BAF LT
THRHE., TAERANENRE. K, APERAEIH X HETH “F
Bk #4% (x-ray diffraction image cake method*??) # 4 & 7 sk 6 4 & 3%
BRI, RAREG PR, R EAN T E, B A AR
By VAN RRAE JUA 7 1 9T S 34T 04 (2 5.8 Fror ), HEH R AR 7 | AT
Wiz B HEAARNER, HATEXMERNLHENZA, CesAbs 2
POHFE SRR EIEMEN L& A, X AW B WEANERENEL
B T 7 P BV B o oAb SR o T AE R R CersAlns 2B B8 4 7 A
W B o P A B e
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B 5.7 #l&A8H CesAls @ BFBATHE RN B HERNLREMRA. (2) &
Hem@h. o) BaEade sl i K@) B a6 i re R
Rin%. HEAHBRWETTHE. () B4 T (b)E 46 B 6y 2% K e TAT4 Y —
B E. (d) CersAlLs & BHME FHRHE X HEMTHE, 5 T fo(e)r —H#
W EARHAE. BRI N, REERETT CersAls & B AWM+ 4
By, et AR f S ARAE

Figure 5.7 Structure characterization of the as-prepared Ce;sAlys metallic glass ribbon
by HRTEM. (a) Transmission electron micrograph image. (b) The high-resolution
transmission electron micrograph image, which is from the selected thin edge area
showed in (a) in red square. The inset shows the selected area electron diffraction
pattern. (c) The integrated electron diffraction intensity of the diffraction pattern in (b)
inset. (d) The synchrotron x-ray diffraction pattern, which shows the same feature
with (c). The results show a homogeneous and fully amorphous feature of the
Ce7sAlys metallic glass sample within the resolution limit.
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5.8 & AU CersAlys 4B 8 4 W A% dhn oy S5 40 & o) 57 Mk 0 & 20 F X AT R AT Y
ERASBRDPEN. () —EERDPRERSI T EATEE, SEMELNR
AN A 30 EBH 2B (2RI A B). (b) X SHEATH 6 LA X £
T X AR EEFEFEROGEER T W Z A MATETEY T . (c) #
A E T X HEATHE. B oA E N, BRI RS A
B B R AL

Figure 5.8 The structure anisotropy measurements in as-prepared Ce;sAlys metallic
glass ribbon by 2-dimension x-ray diffraction image cake method. (a) The sketch of
integration method for the 2-dimension diffraction image, they include two
rectangular sectors with the azimuth of 30 degrees labeled by A and B. (b) The sketch
of diffraction geometry. X-ray goes along ribbon normal direction Z and width
direction Y, respectively. (¢) The diffraction patterns comparison between the different
directions of the ribbon sample. Within the resolution limit, no obvious structure
difference can be observed between different directions in the as-prepared Ce;sAl,s
metallic glass ribbon sample.
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5.3.4 CersAbs & BHEAE® E T 8 £ & & L2

HT2BEHBATRAF LNIRE, e BEFFEERAREF N F
tHB L, MAIME-EKNELESAD) REEZETHRFE, 0 B

, BREERE, HKER, EEEHESE, FUE AR, zr 20 cu 2P
SBEBPEINRBEOHL. EEXLETAFEETHBATIHLRE, 5N
TRBHERAEZEEE, RARRTHKREOREY. MESHEAET
PATRSE R, RAHNRRE, WA EFERTOAE. ERFANERD
b, SR ELARBERBIFFROOLE, o FHFAP, G, s,
ZnCL™, SnL,™%, (BREABFESR, W TABIEO BTSN, BT
EERENERATHIBETER, HIMWEELEST2EHBET RN L AL
DS Zr EAB A BHOES, WY ARZTETENFSTHEAKRBLIALYHR
R B R TR AT S, RS R bR E, T
% B i g Ao g p 2,

E2BHEHT, ATHEFANETHREEZAREZLRYFEN RNEESL
Pz U200~ LA REBRGT, RTEWETHRZ0EEY AR
BB 2020 AREMBRE L, —nAREENERH R R E R
52 42 (Hume-Rothery rules)™ " # 52 69 BUA AL B AR ok B A AR AL 8y, 9
FRTAERR T EERA0, g TRTFENTERET 70 EENN
SREBEFRETFEEF BEFHBRAREE (SRETHEEZEEKRE, TaLERKE
B, s BoA T e, FEaiti). YR FORE AR — 0l RE e,
BRFRRNE A ST BEN R T RN EEAR, YA TS BRI
HAHEME, RTHEAERSRY SO ESH R AR E ST A T &R
L W TR R LT Y E R, BRI 2 W ERR T AN R E B R E 42T
MIT KRS, ERBI KT B EBIEWFRSH T e RFH., 4T

R ERASLBEFIEELNETHEEZW/ )R /NBEFORECM™ Z 8 FEE

—E K%, Egami &% T — M2 KA KW

cmw )—1 0.1 (5.1)

HA, Ao 2RI T BRI ANERNEF#42. T Ce A1 Al Z B4R & Kt

119



RN L w7088

EHEREET, MELARX 51 TURABREGSLBEIEN Al ilE R Z R
18.5%. 1X AN JE Fn AT Ak 4% W IR R IR 19 Al 2 E RGN E 4 B 355
CersAbs H —E Wik 2, ¥ f2 i T4 33 E A F 5] #20H,
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Figure 5.9 The pressure dependence of volumes of fcc solid solution crystal and
metallic glass Ce;sAlys (right side y axis), and the glass formation required Al
minimum concentration (left side y axis). The error bar of metallic glass volume
comes from the uncertainty of its density at initial state. At the region of 17-25 GPa,
the volume of metallic glass gets close to the fcc-Ce;Al phase. The Al minimum
concentration was calculated from the relation (5.1) using ab initio calculation results
of pressure dependence of atomic radius for localized, intinerant Ce and A1°*7).
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Figure 5.10 The radial distribution function (RDF) of Ce;sAl,s metallic glass under
high pressure. The RDF curves were all normalized by the first peak position in order
to compare with the standard fcc RDF. It is clear that the Ce;sAlys metallic glass
structure becomes more and more close to the standard fcc structure with the first and
second peaks splitting.
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Figure 5.11 Schematic illustrations of 2-dimension top view of Ce7sAlys metallic glass
forming and crystallization under high pressure. (a) Al fcc phase, (b) Ce fcc phase, (c)
the high temperature stable phase primitive cubic phase of B-Ces;Al intermetallic
compound, (d) disordered metallic glass, (e) fcc solid solution crystalline phase
formed under high pressure with decreased atomic radii difference between Ce and
Al
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Figure 5.12 Atomic structures of Ces;Al for (a) original random fcc substitutional
solid solution structure, (b) amorphous-like structure for the case of lattice constant a
= 4.9164 A, herein f electrons are localized, (c) crystallization-like substitutional
solid solution structure at a pressure of 68 GPa, herein felectrons are delocalized. The
green large spheres are Ce atoms and the gray small spheres are Al atoms.
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Figure 5.13 Radial distribution function of Ce;Al for (a) original random fcc
substitutional solid solution structure, (b) amorphous-like structure for the case of
lattice constant a = 4.9164 A, herein f electrons are localized, (c) crystallization-like
substitutional solid solution structure at a pressure of 68 GPa pressure , herein f
electrons are delocalized.
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