ﬁf%@% @ﬁﬁ@%ﬁ_@

k‘féf‘rﬁié%ﬁi? JJ
jj*“% ?T?Eﬁ?‘ﬂ“

.Anz{x&mmﬁ -

ITY OF TECHNOLOGY PRESS



013028236 -

1

LA Gk
FeASE AT B

HEE F MjiE I

sRIwAEumE 1

VIR i

Jefn



EHZERS%E (CIP) #E

IS E IR T AR/ REEE ARSI R
24 R4t ,2012. 10

(st 18 1 SO

ISBN 978 - 7 — 5650 — 0412 — 4

I.O= 1.0k 0. O-rxas Bk 4aWzshhe i
V. DTGI13

op [ R A B 50 CIP 34l 2+ (2012) 56 231233 5

AR ERETHNRITARE
hEE F AxiE FIf TiEHE EARAL

HORR BBk KR A KR & 2012410 H% 1R
#oH AT AR 193 5 Bl R 2012 4F 10 A% 1 KEDKI
BB 4 230009 F A& 71024 X 1010 2K 1/16
B i M 4 %.0551-62903038 N3 10
i3 A4 8. 0551 - 62903198 F ¥ 153 FF

M #F www. hfutpress. com. cn Bl Rl ZHAEFEEESAERAA
E-mail  press@hfutpress. com. cn % 1T 2EHBEPBE

ISBN 978 - 7 - 5650 — 0412 - 4 FEHr: 25.00 J6

0 SR A R v 1) 35 #2551 AL L 5 RO T 3 B R R R 4



(FHeE LM INRZERZFEARER S

FEZE AR
BlEEZER: N ALE K
= R:(uEKEE N F)
&M FRE KR
% E K ¥ &F AR 7y 38
R ey € A E
Z2 3
i gniaZE B
FEZER AR
Z= B:& % HKRIK #H R

FARA ERA
k#hF M ¥



& 5 % B

ARMBBEIR(CKX T ERALERKFLHITR WEHRAE
Bl AR T RIJV/ARETHETEL)(FAL2005]1
)X A ARARACNHE R AHFHRD BREARAERLAR
T ARILERFRITHRAEAMABCUFHAL AXBFFFTHHAR
AUNHBFANED, ACMHAFT R KAESRTSF, FRAFZHE
FAH R A H A, R (AR A )3k & A H A A KB
R A Z—,

(BFEHELXAIANLHH L F5E8 LR AT X F 2008
BAESEEOHFITFLEALL., ARZFFEAIGERRE (X
HEXAIRZERHARBRBYN , A EFERBRE LA ELEL
bR A R

(REHEXIAIGBR . FRATHEALSFERFALERY
KAXKF LRI THARAEF AT EGRE L H, ZMNERE
TR A RS RR LRI NG I HFEF Y.

BN A RIeX R IAEHGF 28 TFRMNEZBREfeF R KF
HM, B P ErFaREZL, $hiEEL FRIFHE,

FRIVAEFMAEFURXHBARBERS
2011 (£ 11 A



% A

HeEEBREd, IER T R NPEFHSRRNEBAFES, &
SHMERESSTIRERABNINN BRANESENZER, BXROE
AhEEEIAFEN, " EEEXUFREN BRUFEER" EUHE
HTEOTEARSE, MUFEBRNBREAS, ATHERELF
BtANESRENSRANRS SR, SHLEFNRREEEEN
BHNBER, EERUFARNEETARB Y, FREXARBLHALSE
EREWNE,BEPRI—FERABENREKF,

BERXOHRTE—RBEAN ARG XL RO MR EST
VETEROKREN, NEE—EOOEE. AR ARRE, FHEE
LR AREAEEAEXNRBIRERETHR, E—FIREFRE
B R ) B B F AR R B R B TR RERRIESHI
HSENESEIYNRYRENS R FE T2 URXNEN LR
Wi BRRERETHRENPRKE, FRESBELELY, REHRT (B
R XMA)

MR (R XA ML E, 19 2008 FEWHRBELFNE
HERIHRESRR X, BEOAFELSAROIETHEEETR
ST R R B B AR LS, R R T A eI, 1
EEEANEMAABAMENERAE, ANKEFEL2ERIRETE
BERETAEEENESKE, HRRBLELBED T LR XEA
BEURXARLIBEUTNAABRER R —2RAHAEZHNEE, R
HAMBEN, 2R XNEFHRY, IREER FHARETALAE
FoCERYXNRBRABE, ASHEBFRFARATMERRT 5%EXHA
KB R o

R

001



TEERBENETHAFT AR

[

(MEBLXA)NHROREREERREVF IR — N EER
oo FEENZFHNTH A E AT RABRKNOBEENSE RO
BATHRRKORGAREOFHME, —EEEHSHAL BB AL HEF
AT 8B 1R

BRUFBETATRER D BEROK RE G, ™% KL FF A,
RABENEENNEAREPEREN GEER BT OH, BTECH
FHID A EEASHEFONR, A E S REBIROZRKERY
BEANTR, AEEREREAEN & # BRFRAZNOFESKEXST
NP

SR I KFERK
# f/éw/}i..

SN B
—O——%+—A

002



H
il

#w &

INFIBR G AR, W RE S MB R MBI AREL . R,
MM FRESMIE, ARSBEESHIARMARAR. EHEkK, ERR. &E
BRHEIAENT, BEYHENEHEZRE (Polyamorphism) BR5E T
FLE R . MO L IR B, WSS B iE Fh o i B I 0 50R
JE B RCAE T 2 R AL . X SRR AT BE T AT X R 2 5 4 3 S W AR i 15
Gk, RAMTE#E 5 T HBRSY BERM 7RSO,

YER— M FRBFR G, REFESFR-BEHEE (TILLST) BRLE
ZMHELEAPHAMESKIE, HE—ERE LRI T HMRELEE
M. EHFEHFTHIE, AMA TFLLST IR ZER TRE¥ZEH, WHE
1R A LA . AR, DA RS R SOV B EL 5 4 2 T AR
WA, XL FEHHAR, ERAXHAMIDASRKREFLZNE, &
B8 Y. Marcus R4 AHE R 2 B A FE KB E SBWEFE, AP LR
f14% PbSn, InSn, InPb #l CuSn %L # & &1k, AR T B @k
P MRk, DTA #40F X SRS AR T B, I R BUAS [ R BE
ftE IR . A FE R THR R IR S 2R T, 2 MR
W, A A K& Fiber-Ziman B FHIS %, X HFE AR, HLH 54
AT T EE A ST, EEGRRAIHAENMT

. BERTAEBREMNETIEMIN N EZRRARE, Jfiz AL
e X H B S AT AT T . i AR RIS e . AR
MEEREEMERIRYET BB KX K8, HEZEL[EE
WESEWEE; BHEEFREARNS I FHEEX, J-M-A AKX
“AEL” SR, PRI THEE SRS B, I E Kt
TILLSTH A s AR X @ % B SHE M S KBNS RFEL T TAHEMN

001



[ ZxsemssneEsn ¥ HHRY

R

2. HFAMIERLE R, B Kissinger F#E, HH. W T ARGSE
LA ) 32 UL IS BE Eo, BETI 20T 7 A& & 0k TELLST sxfE 5 72
Bz Bk 4T 8 IEL AR B ) R4 1 BE 2 K/, e InSn80>>InPb80 >>PbSn61.
9; MAh, 3R T TILLST (Y Eff K /N — B AR AR T & 2 /MRZ .

3. sl X ST FBFAH T InSn20 & & WREHRESE, WK1
R . A — WO, A AR A RUBE A RS, e AT A R e A IR R
WA TR, NS M fF R IR AL T B EIESE . AR K
B, ASCHE— 48 1 1nSn20 & 40 i b B B B IR BE i R 1. R %F
R T AAAFEEWAL, #BaR T TFLLST AW sh A F—LFaE
ESMAK., FEAABREN AR -RE TSR ESEHET T
Hit.

4, W TFREE T TELLST WSS, Sam SR, AR
K sEM B8, B H Fiber-Ziman ¥, 8 T InSn &4 #8d H K 9K
HHTFASE, #B5RT N (E) M dN (Ex) /dE EFHESRPRERE
B Ho A

@I R-REMBET; MEDAFE; AURER; OTEFR

R

002



Abstract

Abstract

Compared with solid and gas state, people’s knowledge on liquid
structures and properties is superficial. In recent years, many respectable
staggered achievements have been obtained, they provide abundant phe-
nomenology basis for further exploring the essence of liquid structure theo-
retically. From press induced liquid-liquid structure transition to
temperature induced liquid-liquid structure transition (TI-LLST), more
and more evidences suggested the existence of phase transition in liquids.
All these presents a challenge to our conventional picture of liquids as
entities with a continuously varying averaged structure.

As a new research field, people’s knowledge on the TI-LLST of liquid
alloy is still phenomenological. There are more works need to be done: the
essence and mechanism of TI-LLST of liquid alloy, the kinetics and ther-
modynamics during transition process, and the exploration of the transition
effect on electronic level. They are the subjects of our research in this
article. We select different alloys used for study, such as PbSn, InSn,
PbIn and CuSn, which belong to different kinds of alloy liquids according
to the classification of Y. Marcus. New research methods have been used,
such as resistivity, thermoelectricity, DTA and X-ray diffraction. It has
been used in the isothermal experiments holding at different temperatures
and in the heating experiments with different heating rate. The
characteristic, mechanism and essence of TI-LLLST have been studied and
discussed by using some theories, such as kinetic theory of phase
transition, thermodynamics theory and Fiber-Ziman theory. Main
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conclusions are summarized as follows:

1. The kinetic behavior in TI-LLST process of those alloys has been
investigated through continuous heating experiments and isothermal exper-
iments. Using kinetic theory of phase transition, we found that the kinetic
transition process is nucleation-growth type, and the nucleation rate is the
dominant factor of the TI-LLLST process. There are two different kinds of
transition modes: Johnson-Mehl-Avrami transition mode and Self-Catalysis
transition mode. The microcosmic physics mechanism of the transition
process has been discussed in this paper, and for the first time, the
characteristic of TI-LLST (the transition speed of TI-LLST is slower than
normal solid state phase transitions) has been explained.

2. Based on the results of heating experiments, the apparent activation
energy E, of TI-LLST has been calculated by using Kissinger equation. E,
is the energy needed to overcome the energy barrier of the structure
transition, and could reflect the difficulty level of TI-LLST of different
alloy melts, for example, InSn80>InPb80 >PbSn61. 9. Furthermore,
compared with normal solid state phase transition, the E, value of TI-
LLST is much smaller.

3. Through X-ray diffraction experiments, we obtained some
parameters reflecting atomic structure character, such as mean nearest
neighbor atomic distance, the first coordination number, size of ordering
domains and the ordering degree. During the change, a sudden drop
happened for both the nearest neighbor distance and the coordination
number; the size of short-range orders decreased abruptly. The calculated
results of the pair correlation entropy showed that the ordering degree of
the melt altered obviously and revealed the discontinuous feature of the TI-
LLST. By using percolation theory, the discontinuous feature has been
also discussed.

4. Based on the results of electronic transport properties and the

calculated mean nearest neighbor atomic distance, the dependence of the
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Abstract

density of electronic states N (Er) and its gradient value dN (Ez) /dE on
temperature were deduced with the help of Faber-Ziman theory, reflecting
that the electronic structure of the melt at Fermi level also changes during
the transition.

Keywords: liquid-liquid structure transition; kinetic theory of phase

transition; apparent activation energy; density of electronic states
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