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ABSTRACT Employing a realistic many-body potentials for a series of simple melts, including
Ag, Al, Au, Co, Cu, Mg, Ni, Pb, Pd, Pt, Rh and Si, and using the molecular-dynamics simulation
the scaling laws of viscosity with different expressions of the reduction parameters were studied. The
simulated results support the universal scaling laws proposed by Rosenfeld for transport coefficients
in liquid metals. Following Dzugutov’s method, a universal scaling relationship between the viscosity
coefficient and excess entropy was obtained. In particular, it is found that there exists a link between
the scaling law and the Arrhenius law, i.e., the excess entropy scaling law for the viscosity coefficient
can be interpreted as a straightforward extension of the Arrhenius law.

KEY WORDS scaling law, viscosity coefficient, excess entropy

WA HESET DHEMITERN NS, RTTES . EAOE. BEIBRURGTSSHaSERT
BRE—ITME—HARSERE RN EELXR. 3 WiEE. REMBENNEYSOTE, SEAEEX N
RAEREESDRERZRIPRE—ERERSHHEM EREER, SRS ERAMERE S IR MY
B Atk ARz — wETEEMEKDEETIE BEHREHITRENTR.

T HE [ AR, WE R — MM EEA LR MEESEBHMERBEA KB TRNE, Haf
B, BArZREIRPARNEEZESZMEE. 4 HEHETRASF:E. M F—ERESE&E (I Fe, Al, Zn),
AERMERERIINETREEFESRE. “EREYN
FRRESEREGRENENE, UREFRIETEH
* EFEMMLESTE 50171023 F1 50561002 Raamapre  WEMSORERE. AW, mek—LHRE (I lida
HTH 03104 ¥eE Guthrielll) #51. SBXEXRENTSERERFIT
PRI E# - 2006-03-31, WRIEEcH EH# : 2006-06-23 BRI AT RS .
BRI : BB, B, 1977 4, B, #t ILERERMGE T X 418 1 R A B B AR BE 6



http://www.cqvip.com

12 #4

B0 00 http://www.cqvip.com]

RICB% : R R B T BRI R R 1263

AR, ARAERHAESE (PO THE 4 =
o~ 1/3 Fgh 12 v = (ksT/m)'/?), Rosenfeld®?l
E ST AL RRs B R 2L
—2/3
MR = WW (1)

R, 1 HREREHRE, m BERSRTHER, o £
¥WEE, ks M T 5+5& Boltzmann ¥ ¥ MM S¥ER
E. YHLAEBERE (nr) SLEM (Sex) TRAEL—1
HEEHREXRTR

T & 0.2e~0-8%= (2)

KA, Sex MR kp. IFEXRRRK (2) BEITREMH
PG REYIEL 40, Rosenfeld fFH YL S5

ng = (mkgT)"/? . g/ (3)

Dzugutovl”) #|H#MAL S BT HANET LR
R R, BRET — MR HER S EHIRER
#. R, Dzugutov RAFKEM RYCETTEHAL. B
¥ Dzugutov BB 0L B B, A0 e XAREE R 3
mF:

D
n, = "Fm (4)
R E, AiBH
r
=5 (5)

A, D EERNER, NN TREIHEE 9(r) HE
1 MEENE; m BREFRE, I BEFORER
K, I =4D?q(D)p\/7ksT/m. EFHERR (4),
M R BB R ER R RE RN

ny, = 0.036e0-535%= (6)

FEREERT, Sex (BN (M8

Sy = —27p Aw{g(r)ln[g(r)] —[g(r) ~ 1]}r2dr (7)

K (2) X (6) A TR LA R RH
B RIMIRERR. BT, SRR
—Hy. MehHh, ETFXNERE, A4SECETTRFNTE
% [0

1/2.1/2

ne = TD—i (8)

AF, ¢ REFEHALEROFEER. b 10 fESE

RHBIRBT ¢ SN T ZAFEEMRELR @

e/kBTm = 5.2. AN SFEBBEHT HORRIENL
ER.

ETERASBHEELEREBEURRT RPN

BRIk, G§E Ag, Al, Au, Co, Cu, Mg, Ni, Pb, Pd,

Pt, Rh #1 Si. Rosenfeld & iEHEIRE X RRHE
HREEMALS R, 230 AR ER RRB I RBRLA
BE. “WEE REXETY HEE BRETEX
EARB TR, FHT RPN RENRAERS. &
XRATHMESEAIEREXN LR RBORER R
WA THR, AoRSBRERSS (TB-SMA) Hi
TR SHASBAMTESR; TR,
F glue potential (%)M KBF% Al RET G TEMA
ify Stillinger-Weber(SW) # (12 #1 Tersoff #v (13:14]
WRT ¥4 Si.

HERRT B ARRLLEE (K (3), (5) # (8)) Frig
FIWIRE R RN IERY, REE—SHREERN REL
ZLHEH R BN RAHR E R KRB R, BRI
RERERRYEAR.

1 WFE

FEHEBRFRT St 24, HETERRATEE
¥ 1O #le Rgel 500 2 4000 MR
Al BRFGERALATARELR R Newton =
HEARAEF Verlet Hik. BB REMBIEE,
RIE REFRIZTT 50000 £ LIRG— N PEOBES, B
BEREFERR, EE 30000 225 E%ERZTT 50000
FLRB AN TES. AERKBREIRTS, SR
BEHENC R RAEMGHWAS, FENER EHEEST 12000
¥, WBRGEARH RPN RAE.

T S RASREAS FI1%¥E MTF SW
#h, SEEAY IR BE4> 5128 1700, 1800, 1900, 2000 1 2100 K;
3tF Tersoff %, ¥EEAYIEEF%%4 3000, 3200, 3400,
3600 #1 3800 K; XRpyEEaHIA 2.61, 2.59, 2.57,
2.55 1 2.53 g/cm®, XXFEF G LWMMAY. R XRE
A 512 MEFHILN SMRIE R H A, Fe7ERK 3
AT LR EREL R &, Newton A A Verlet
FERM, BHEEK At =2.0x 1073 ps. RENERIG
S MAIENRE. REEZERE TSR 30000 3.
21T 12000 2, ZEMBIECREE 60 K, FriB4iRA UL
Mt RETH KGR 2 5O 48

TR SR, UG RBGENT Green-
Kubo 24X k&

w0 =gy [ OO ©

K, V REGHERE, RN AR J2° Tl TR
KRG
N N
TPy =mY vxt)lty+ 3 ra®F5(t) (10)
i=1 1=i<j
AH, o, B8==z9,2vi H3F i MNRTHEE, r HR
FaBE, F AR TFEMEEMS; S8 Sex EtFE
ERIR (7) KB


http://www.cqvip.com

B0 00 http://www.cqvip.com]

1264 & B ¥ M 42%

2 MBRKREXRMNITHRIT

1454 T i 3 AREAETE (R (3), (5) 1 (8))
BRAEH ARSI RE XK. dETR, BRTH
A Si AN ETERFSEHELT. Bk, +HERT
X T Rosenfeld®3! 7 I MHRE XK, T EXNTFRM
n* = Ae B~ gliRE X R, FAEESHARERY AL
2¥. A M B BAX/MOETLLSEEER. B, B
TB-SMA #1 glue #5FIKXTF Al FEHEMHZEIEE /I,
Rt SW 1 Tersoff #18FIH Si HEIHERK, X
BT Tersoff #ud BMthE T Si @i s 314
T Si iR HMAELHEERITENEX.

WA RAT BRI R B S BREMKECR
#FH N Arrhenius 32 Z&. XTT R EE, Arrhenius 3%

n= noexp(m) (11)

K#, no M1 EEHER, no AMHAEREEETF, E
AHRR MG EX (11) MR T, EREHR
B (n) MLk RE (0, nf F1ng) BIBRXHER

@)

: oAg vCo
oAl OCu
8 Al(g) <Mg oPt
rIR. =0.43e0%9%= 5 Au & Ni 8 Rh

ot ® a

-1 1 1
'Sax- kB

1 ARERY 0™ 53R Sex HIXARE
Fig.1 Reduced viscosity coefficients n* as a function of the

excess entropy Sex. 7 (a), nf, (b) and 7 (c) are
scaled by Eqgs.(3), (5) and (8), respectively, the solid
lines are the best fit to the data

EREEER, mAE 2 fir. AEBME, FAEKNER
A SR AR B R B SR AR RE IR B HERR LT
HRLE

ME 2b—d "0, XM FABFRARIE, 4R R
¥ ong, ot M ong M TREN KRB RAMER M.
XHE 2 T 0, ng, 0 T g BXTEENRHEITRELS,
AIUBRIENMEBE (Jun, Ir, Iv M1 Ic) MK (Eun,
Er, EL, #1 Ec). H 3 A1 T HARH S REFERNXER.
BB 3 WM, Sex M 1/T ZBEIFEERERER, FE5HH
REn(FHn*) 5§ /T ZEKXZHEEM. XTI
HRABIEITTE, X Sex M 1/T XREHITRIELE T

oAg vCo
oAl ©oCu
8 Al(g) < Mg
A AU > Ni
¢]
o9
q
q oPb OPt +Si(SW)
Al e *Pd 8Rh x Si(T)
4 1 1 1 1 1 L
q
e]
q
< o
o
I 1
q
g e]
< o
e]
1 —
q
e]
q
q e]
e]
1 L i  — 1
5 10 15 20 25 30
17, 10*K?

B2 FHEEEREAAEHERERENXE
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