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Preface

The ability to vitrify alloys by continuous cooling from the liquid state was first demonstra-
ted by Duwez and his collaborators half a century ago for a Au-Si alloy. After a rather slow
start, it was progressively recognized that glass formation was a more general phenomenon for
metallic alloys than was previously realised. Two major steps in the further evolution of metallic
glasses were, firstly, the demonstration of ferromagnetism in a glassy Fe-P-C alloy and, sec-
ondly, the development of the melt spinning process, which facilitated the synthesis of glassy
alloys in the form of continuous thin ribbon, Detailed alloy design and further process refinement
resulted, during the 1970’ s, in the commercial exploitation of ferromagnetic glassy alloys for
low loss power transformer lamination and also for high frequency magnetic devices such as
transformers, chokes and inductors.

It had been recognized relatively early in their evolution that the non-crystalline structure of
metallic glasses imparted ultra-high strength, comparable with the theoretical cohesive strength
of the alloys; this was because of the absence of mobile dislocations which characterise the crystalline
metallic state. However, the ability to exploit this very high strength had been limited by the fact that
the metallic glasses could be produced only by quenching at very high cooling rates >~10'-10°K/s
with the result that the maximum fully glassy section thickness was limited, typically,
to ~100pm.

A further major development came in the 1980’s and 1990’ s with the demonstration thdt
some alloy compositions, generally but not exclusively based on multiple constituents, could be
cooled to the glassy state at much lower critical cooling rates, in some cases as low as ~1K/s.
As a consequence, such alloys could be vitrified in much greater thicknesses than was previously
possible, in some cases, up to 10mm or more. This offered at least the possibility of exploiting
the ultra-high strength of the glassy metallic state for structural applications, The number of al-
loy systems demonstrated to be capable of being produced as bulk metallic glasses has grown rap-
idly over the past 15 years, as a result both of increasing scientific interest and of the recognition
of the practical possibilities offered by these materials.

Nevertheless, notwithstanding their high specific strengths, a major limitation of metallic
glasses is their low ductilities, a characteristic of the non-crystalline structure which is devoid of
mobile dislocations. Various attempts, involving microstructural engineering techniques, are
underway to improve the toughness of bulk alloy glasses under tensile loading; these include the
introduction of second phase particles on a nano-or micro-scale. These techniques have met with
varying degrees of success.

An interesting new topic, which offers an alternative solution to the to the toughening of
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bulk metallic glasses, is the development of high entropy alloys, metallic materials based on
combinations of several metals, generally in approximately equal concentrations. These, by
suitable alloy design. can give excellent combinations of high strength and good ductility and
show considerable promise for practical exploitation,

Prof Zhang Yong has brought together the two topics of metallic glasses and high entropy
alloys into one timely volume. He covers the principles and practice of metallic glass formation
and their structures and properties. The principles underlying high entropy alloys and the results
of recent studies of their composition-microstructure-property relations are also covered, Prof
Zhang is particularly well-qualified to author this book, having been engaged in leading edge re-
search on both bulk metallic glasses and high entropy alloys for over ten years at both the Nation-
al University of Singapore and at the State Key Lab. on Advanced Metallic Materials at the Uni-
versity of Science and Technology of Beijing.

The general reader will find the book to be a valuable introduction to the topic, while the
more specialist reader, engaged in advanced research on bulk metallic glasses and/or high entro-

py alloys, will find it a useful update on these materials.

Prof. Hywel A. Davies
Emeritus Professor of Physical Metallurgy and Magnetic Materials
Dept. of Engineering Materials
University of Sheffield
U. K
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YRR E. BRI, RrbPEREAR T AR B IEREIR. SR EEARE TR
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EEMRHEFSBIBKAMIMEER, BEXM TXEESHEAE, ERFAEYT
LR, HRBRITANESHANEREZHBIRT TZ. ¥ HNMEEE
RSN B —RIRE PR R EAN S, ERM THEANME, aES
HIMIELR R SURE, TZ2KFPAR, HESHEERET.

—MREIGEHIATRL, INESERBRE NG W, REHEEAMN N E Rk
BATLLT , (EREFERRIU, SHPREFRATIEPSBE--ERFRIER
R R, HUEmERES), MESBHRFEMBEEE NF PR HIT
FrED, LR EE. FEStR AR RRIITEMNEA, AREEMHASAR
HRAR MR, FRERGATEREEME P EREEEED, L&
FEEESSRER T ZH R .

o IERETRURRIUR T NSRBI R MFIA, B8k, MIZHER
E&TUR&HAE—~ERENERS, MASHRKA, REEKGSEARNRE
BERHITN GRS 2~3 %, AE BRI AL AR R, BEKEEEE,
B A X 2 BB AR TAT ., HA%Th (WRRAERE HE
ARTFREEEE. X BRIEERE SRR TURE A T BB R AR
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BET — NS TERI R,
1.2 FHEEHARE

R T EREAE, BRARTERECAKNRAEE, FESRIVEH
AEREYIMX, MEWMMEL. £A. K&, ERMK, T, ATHSHR,
W, MLERSERERER, ATNE. MRNREEZSSEREHRRE. —
& B A S UL RESHFE, BiirS/ D eEaag, wE 1.1 yBeitEs
B g, ATLUEB— M ERRL.

o 1 2 3 4 258 3 b
;t . | !, !_ " ! B‘ ‘;l("_g ._E 1 ,A_l(__,“.v,.;._._..d_ﬂ %_.

1.1 BeabEERe RS SRS

EREeHTHHAREBREV X FmEMEHmaYE, NTTREESS M X
mTHGARNEWERE, —BERAECET (BCO), E.LM T (FCO) JEH
AN (HCP) HFmEHEE, FFURBLBIAMTA N &R RA T 885 ARAE &
K. HEF 1960 4, EEMMIET¥PFEH Duwez FRAMEEHE T JLHHOKE
EHEEIEREEEH, B HERERLRE Nature b, ATAFFHZEH AR
SRE—EMRETRATLIREIERS.

JoXH AT A R EARERASEIESRS, EERIMXBIERERHERK,
BXHFR “non-crystalline solids”, FHETHA “amorphous”, ZERIFEEERE
BREZHBMMBALT SN EAHE, Bt “FEMAEE” BRIERBE&ER
TRAMILE, FFLEREESHERAN “SRIEH” (metallic glass),

BEEMJLTE, NRERZNKRESFSELBEREFN LZRRIER
- %#%#W% HREZFRKRTEE ALK, Al LA IR B SR . AR AR ek

. BithRE 5. %*EEE‘HF% &R R Kui %M B0, X Pd £& £&i#17
Y%QM:EUJEF/%E!EWQ%VW%U%&%E@, HEHBT Pd MM RRE, X—%R
LR FEAS R ERNENR. HF 1990 4, HARILKEE Inoue
kg, UREEMMET¥BEA Johnson EEMA LGS EARYEHIERE R
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1k, BEERT =X ¥ HEARNIEESS

(1) ZRMH BN TRBHREL 29 H’Jﬂ%%ﬁﬁnﬁ #n ZrTiCu-
NiBe;

(2) ZRABVHEERLM TEAHIEIERESSE, W0 PtCuNiP;

(3) AZERBUEXAMTEALKIEIERES, W CuZrAl,

b, PERBEB BN T HE BEER R T —Fa] LIFR A 48 SRR
PkdERE

5f§%%§%ﬁ*ﬁ'ﬂ*‘4*ﬁth, PeikdefA S EE Z T AR HAA T4
B MRS, FERNE:

(1) BEAERER 1% MEE, CoFeTaB A IER G ERBEERET
5185MPa, Rl T HRA S B EENRELE. BHNEHFRHM Zr Bk
ERE S WM REMER % 60MPa - m'?, HESEBAEATAERAEESHNIT
WP, EHERRTLENESERFNESM, EEMC ZHKNEALRK
MR —.

(2) BEERFMTHRE. BB TRERL, RiEELEEMEES
HAESBRPERE TARBENBENE EMEAZE K 15000%), FHILE
SEBR AT &1 X R R B R T SRR S A S MR T E T & RSO E KB
FEIMTARSRHIR L.

(3) EAMBEAEKEE. Bl RO R SRR RE. B, Fe B3E
AN MEELRE RS 15T UL, MBS AKF 1A/ m*, K kdE &
MBI RERCHEBE IR E LR, Bt T E AR IERE
e, AIEAESM BB ER LS.

(4) BAENERNILEMN REMAEES . FeCrMoBP JE & & & it
HHHASENE 10000 5, HILrIAE—EE RESKIFETKBER, THTH
MAAAR R FHIZ AW EER, 55X Tttt A ZR AR R

(5) HABRFMAYHANE. FIEREIERESSMERE, 7TRIBU/MIAZR
RSP TN FAR G BB R FAHAEAME RS ASE TR
BMEE, AT BN RSN RECE A R R BT AT REN RMAHES
T EEE . B, ATLUEREASAFEAMENO A RS R, B8R REEA
BFFBMH RN —KEAFAR. Hilt, SREERELSEEMEE FEATRAY
N ARTR, HABEBCAT A EHEREYE.
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(6) RIAKMK ATREMMRL. MR AT IR EL T BE AR
PUIRIRZ, ZORMBTEMERR T TEHEARFWEEREE., REERELE
BEBMMBZ —, AMUEWEERER 2R H M —200~+400CHRER
BN/, T ERABRRKAREKRE, BRTREFORTRE, NR
IEALR RATSRIER TAE, BRR& IR MR £,

1.3 AEdRIE LAY RSy 2 2R

BE, AEA T UL, BEREBRASEMMEAE (Gibbs) ARG
MAEESR Tn LT, REEARBSERMERLT AR, WE L2 FTR,
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Bl 12 SREMBESHERHBRRER
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PR R LT, BEBASREEREYE. HRE—THI%¥ L —RHM
Z, —BEEIEEIRKRRIBERY, MARIETELR - EELL, W
B A EEE. BTy EMEFASINENE. FUERIBTE—SNRN¥ L
RERZ S, Bl Gv=G —G., B G IBEHMERYT A, G WREHNER
WA HEE, AGy AE . WFAHKE AL A SR, MERES N NS5 8
Ko FREAT=Tn—T,, HF T, AYREMES, T. HELROLEKBRE, it
B A SRR . REGEHWETNEE, R0 s REsH R0
Wi, FEXEAAFEIER, — YRR W DU R AR TE R, A
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T, T, ACP
AGy = AH;—TASf—JT AC,dT -+ TJT ST (1. 1)

R, AH; MIEALIE s AS HIBHE;: AC, HRABHBRESHILE BRAEZE; T,
oL =

—BER T, SRBENHRAERSME, Xt Thompson $# i T — AL
FIXRINT .

_ 2T
AGy = ASAT T+ T 1.2

FE st 2 R — S T & F T AR B R EAT .

&R ATE BRI ST Pt Ra B L AR A S 4, SRR AT LI gl v BB AL
ARE T, AT, MRkEEERIR, MURZHERGESRNESRERE. H,
BRANERAEEAIIR D, FTUARMEEERIESE, WE L3 FxR. £L
BROSHEET, 2RELBRERLIREOERATEE; MELEEH
AHERTHEEREQERERESE, EEYRA T. NEAREHEE. MHBK
H—ERFFBREMEEEDFEMETRE T,. £ T, B —MRERRE X
B, HEBRVD i, RRFRE/N, FRiEfa 2O
#B. FREREERENTERIERESSIERGE T HETRIOHE, HE
HTFE&T —ENHEBALE RS, HRBEDSRETASEZ, A8 &
SRFHELYE, EdnREt—2k, HmESE IR,
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£ £ AL i

B

L1373

T 7‘[!1

B

BRI B
i35

1.3 EREESTE M IREE — AR ERE ALK R
BROERRE: BRO ALK

BRARERNRN¥ BT S ERERE, Mg ks B AR
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BB AR B TARNEE LR, BRRLRNEEBHBAHE
BT R A Turnbull 7 PdSi &£ 9. A 1.4 iR, T wER
R ARE, £ T MR RSHEES, (AEX — SELHR
FRATEEAZIN, RN TRE T, BET T.. HBLETOHE—
DI —BAFIE, FTLARI M NEMLERNHAGRATRT. #H
FHUEFRNFBUEER Y, ARXENRN%¥ELRERN—BNS
RPFEERII%T, MEZHMRIEFHESAI%E; ¥R T e
B, BERAHASERAUBARERERN, 05T RNERRR A b E
RE? BRAE, @EEERE R ZHHE, BRI FRBEHRRENES
0, ARLRTENE. N TRHBARTEREAR_FIHEXEE, BRTAR
HEE—R, FEYLOEE, HBMARTIBRARE NBSHEIETIEN
BB M CKRAR” 3B WRA, XMERMA AT EENRERAKET
SARIRIFEMUFERNZY, MAKKXIRTEHRATUA “Fily, BiEL” B
WHAY “REKEK” KR, ERAEFERBENEE, FHHHRITELER
—RMLE RBEELT A ZME TR TR F KK dRE,

] L 1 2 ] N 1

A 1l4 SRBEMBERESEHNRENRR
T RESHBBLIRE; T, BEFMEBLHERE: TN RB LR TRER
FEESRE: AS Rkt

WEBMNZFTRBBRIALEN—ISH, BILERK, B, BRES
(Boltzmann) X : S=kInQ, Q HERTLUEEHHFIMEL, —MRES
B4, BREEFHIREMULRETFRIIES. B TAES. BEESSHTRY



