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Abstract Molecular dynamics simulations were used to study the pressure dependence of structure, self-diffusion and viscosity in
CaAl, Si, 0 melt from 23 MPa to 15183 MPa at 1999 K. The change with pressure of the relationship between self-diffusion and shear
viscosity is also studied and related to microscopic structure of the melt. There exists strong correlation between self-diffusion and melt
structure. With the increase of pressure, the formation of fivefold coordination of Si** and A’* promotes diffusion while the density
increase hinders diffusion. The two contradicting effects result in the self-diffusions of Si** , 0>~ and AI’* vary slowly with pressure at
first. Then as pressure exceeds 5 GPa, the effect of density increase surpasses that of the formation of fivefold coordination, so there is
a rapid decrease in self-diffusion. The self-diffusion of Ca’*, a network-modifying ion, decouples with other ions and decreases
monotonously with the increase of pressure. The self-diffusions of these ions are in the order D¢, > D,, > D, > Dg; at pressures below
S GPa. Viscosity is closely related to the BO( Bridging Oxygen) concentration in the melt. The variation of the concentration of BO
below a threshold value almost can not influence viscosity, while as it exceeds the threshold value, little increase of the concentration of
BO could result in dramatic increase of viscosity. The value of jump distance in Eyring equation is the key to apply the equation to
silicate melt. We found that the jump distances of 5i** and O°~ can be calculated from the quantity of NBO( Non-Bridging Oxygen) in
the melt. This makes it possible to calculate self-diffusion of oxygen and silicon from shear viscosity or vise versa, by measuring the
NBO% of the melt. The method transforms derivation of dynamic properties to the measurement of melt static property.
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B E T REBRER M1 332 1 TR OB AT X8 T A b R IR B0 1
HHGTRBEE, SCIRMBEIEHITR R xR (A3
JiFf BOKE T B R D BT DIR VB ) M B U LR B A R AR
Wi (Watson, 1979; Angell et al. , 1982; Shimizu and Kushiro,
1984) , HREMBHENLEREXN, BETHEEMT BE
AR AER L R R LR ANTEE,

B T Btk SR IR A , MR R T B0 0 2 M T o T i
ZIRER S AR ERENEENNF 8y BRRKZE
MXRBTEAER, MEEET AT SHARBEER N E
BT WKL B B B K 2. Stokes-Einstein 75 2. Sutherland-
Einstein 78/ Eyring FREE=NEFRANKR BV HAK
FIREE A 5 72 (e. g Shimizu and Kushiro, 1984; Rubie et
al., 1993) (HRAFE=HSITL) . XERAXBEE R
FMEREMENEENE SR BEXE ATFRET
BORM D RIskA S0 E vt RITBANER R AN L
BEARDRIHE TR 2 TAT EARER .

Tinker and Lesher (2001) ZEF# TR E T REZ BB S
Si** 1 O P HIK KPR, KT T Eyring X ZR P 55
BB FAXMARMERE EH8EL. A TLRAEADR
FETORGH FE AL, T SR 36 7 o RS B, b TR R
THEEERKSAT BRABZAFERRX Bk
BEETHEMEENEHE 1 GP, 0 AT HARMA
RXTEUERALTE —ME, W B R BEREZ B E L
HFRKE, XFFIE BT SR EORME BB 2T
BB HARSHEHEZ AR ERA X X EHEEH
—# 85, Nevins and Spera (1998) F4r F3hH¥ Tk, R
JH Born-Mayer-Huggins #-HE , B3¢ T 4000 K.0 ~76 GPa [£ /7
RN, BRARMEEERMET BT BRKEE I EL
MR, RIS MO AT AR S GPa H— MR K
B, 5HEKREMT (T = Si* RAP") HBRSEHINE
FiaR. AR, TR E AL AT B TR T Y
o EXRHENENBM U REHEHES BT 8A
B2 B R R AR R A sk — £ 93T, Mungall (2002) M
BFaGRENAERIT TRFESHREREPHENT
BY BAMZEPRR . MREHENNERTSEE
HXARRHR T, UG AT HEABEREENXRR,
XIS A TE RS W A A A AR, Bl
FE 18500 [ R R i ot . Wasserman et al. (1993) B4} F3h
ST R RRE BT T MgO-Si0, A AR M EEFIBLT A
Y BREL, MATTH 68 T B4R P ERE (AR o 5 X 3 Ay s
JRHIW b, Liang et al. (1996) L3 M T 1773 K.1 GPa
T Ca0-AL O,-Si0, RN FH AT HAB HMEL RS
Stokes-Einstein J5 8 1 Eyring J7 72 ity I LL 8%, 38 B A
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B TBYAEH BETFREFT M ENITHNE,
T AR RIT EE S 33 h SRR

BT REAKEHES A BRBZEXR Y
ESBZ MR, RN EN B LKA ERITH RO
SEERHESET A HARZ MR R. ERHBRA
BB RREETF, SRAEIRKERIIKRRESD,
REMTHEEENEKARTNERYE, EETHRIE
AR Bl AR R R F B 1 R R E E B,

AXRAGFRHAEFEEBITET 1999 K T, K
23 MPa FH# % 15183 MPa )33 8 FP 85K A UM ARG i 12
MRS T BV BRY HABR THFENRENHE
W, FESCERN b FRITR RS B T AR A
HRFRREDTAER, I ABORAE L LR, X
KRB LIETF TE 199 K. AREH ZETHE KA RS
BRI EMRER FH BT BRRE, # - S HITERE
BRI SALT A Y BRSO B MBEE
KR, AL B FE S T RH A A U SR S E 3R 4t
I, EREMNZEERE T HEARER T,

2 ik

AT EBESAAROERE, £ ERNERZH, 25 A
CMAS94 v §E ( Matsui, 1996 ) . Kawamura #'§E ( Kawamura,
1992) Miyake #+8E ( Miyake, 1998) D & SA #f ( Scamehorn
and Angell, 1991) #4775 E T W#1 S8, 3 518 F &4
THRIERARMILE ., FRKY, Miyake $iE 5L R
EBK, T Kawamura #6571 SA BEENERATFERBETH
B, CMAS94 S BEZERLIIE BE R m A A T H B =F
BB BB S AR, L BT AR | R
I &R CMAS94 $A8E (Matsui, 1996 ) 1k 22 B 55 B £
BEMASE . CMASH HaEFIER N

V(r;) =q‘-qu,-j'I - C,»Clrl.j‘6 + f(B;+ B;) x
exp[; (A, + Aj-r;) /(B + B)] (1)

ERETEIMKN: BT JEEET HRT, K
r R 2 B MBE RS RN 4. 184 KIA " mol ™', g,
AL B CARIRE i MREFRGEHE HEFEE KRS
B FEBAERE 7E CMASH4 HBE P B0 T 2 (B MY B 7 6 2
= 2/3qu=1/2q95= - qoo FJ Moldy( Refson, 2000)
BT, B leapfrog B4, R A Ewald sum REEL
71,5 Ewald sum B XM SHBMEN:a= 0.3 47"k =
2.0447", cutoff = 10 A, ERIHHAEK WO, 002ps, B
I 1T 300 ~ 600 25 R4 EBLEATIEY 6 ~ 12ns, FH R
FEEE]A R Sns, TEFATESC A B R Sh J7 28 M R AR 401
B, TR/ RGE RN R, B TR H KT
900 ( Nevins and Spera, 1998) ,3R{(TF 1300 Mhr FiHF7HEH
Hr 4145 100 4~ Ca®* 200 4 APY 200 4~ Si** #0800 4~
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0", ARBIRMENEKIHERF A T EAMN RGN ¥
YRR B FARRAE AR W, BT LATESE MR AR o, I AUARIE
B WAL AR AR [FIIR B T 3#£47 , A Guo and Zhang (2001) #)
TR RN 25 5 LB B R, BAK TR R
FEEHITE 1999.3 £0.9 K WEREN, E@ e B ME
BN 1) RHKE, A NVE REHTERL BRIRRLS
HERREET ,E NVE RES, REMITERNT AT #
AEMIHEERREST, ATE#TRERELR (Allen and
Tildesley, 1987) . A TREELITEMHE, MRS S #
178 ~ 12 MR ES T LMR DB FR I 2 A B K4k L

®1 EHEHRER

Table 1 Simulation conditions and results

B, RS RBLF S, HRE D F—RIE A BRI
3 AE/E 78 10 ° LAPY, IR RBEZE IR — 1> NVE R4
BT o

HFAVHAB (HERD) AEZEEHHEXER
( Allen and Tildesley, 1987 ), & &f MSD ( Mean Square
Displacement ) X} i [A] 5K 5 3578 . F Green-Kubo 757#2 ( Allen
and Tildesley, 1987; McQuarrie, 1976; Guo and Zhang,
2001) , B4 HERLRYRL 1 B ARSC B, RSB R BORS B BE (1)
=) Ms)o

HE g/on’ Heitad{E ps BEK 7 MPa & KI/mol
2.662 5000 1997.4 0.4 23 x4 -1143188 +8
2.7711 5000 1999.9 0.3 972 =1 -1144333 +6
2.875 4952 1998.3 0.3 2083 £2 - 1145343 £ 10
2.952 5000 1999.0 0.3 3044 +3 ~ 1145832 +7
3.018 5000 1998.2 0.2 3956 +2 - 1146171 =11
3.090 5000 1998.4 +£0.3 5058 +4 -1146394 +11
3.250 5000 2000.0+0.4 7897 +6 ~ 1146345 +5
3.355 5000 2001.3 +0.3 10074 £4 - 1145961 +12
3.565 5000 2001.1+0.4 15183 £12 - 1144697 + 8

.+ SEMETREREE R 5% HKiRE.

3 BREE

3.1 BEEMHEHNBE

RV H 45 Hy 7T LA 42 1 43 77 6 0 ( Radial Distribution
Function, f&#% RDF) ¥%ik, RDF #iR REFHMLTF i, j
BEEh r ®JLE, RDF §FEi5 H (Allen and Tildesley,
1987)

&(r) =%M<Lzﬂzls<r-rg>) (2)
A, VAREWER N, FN, 508 i, TR, 5
RRFZEGEEE, % RDF R4, o7 LIS BV T /Y
B N (McQuarrie, 1976) ,

N = [ pe(ndmrar 3

FERIHR RGN E B2 AT, fels o E T kg
RIS R 5 R R — T H
L1 FETRANLEH

RDF B4k X 77§ ( X-ray diffraction) gl £ #} & X3 # 5
GMRIRER, AT A AR L, 23 MPa F,Si-0,Al-O % F 5
RDF f£e5E— Mg ST A B Ar 904 1,625 A F0 1. 7354,

FEEN 1. 684, X MHBAMNEE AR EEP T-0
(T =Si*, AP )R FXMAHHIANMEN 1. 684
( Okuno and Marumo,1982) , 5B WA R AR, Si-Si
RDF s — /M id i I 7E 3. 1554, 5 X fif§ 45 R 3. 158
(Taylor and Brown, 1979) #1 3. 124 ( Okuno and Marumo,
1982) #if, Ca-0.Ca-Si F10-O RDF & — i) 5 5
1E2. 3854, 3. 4654 F1 2. 69, 5B 4R 2.44.3.34
( Okuno and Marumo, 1982) i 2. 6A(Taylor and Brown,1979)
SrRIXIL . XULH CMASO4 BB REMS IE BRI R S5 K A B4
N

3.1.2 BAREHMHEIKE

PRREEHI B9 I 73007 4 RDF i 48 0 e (o 50 77 18 3k
g,

RDF R —MNEFTERN M BN N TEAW TR T 58
—ME R T2 BIMBE S ; e A4 AE X B 58T % (ion pair)
HFIWAR PR K, B P &R F X ERFEH T80 RDF
M 1 frn, MBI A LIE F],Si-0 #1 AL-O f#) RDF gy
LB PTTE RO BRAE H AR R 1K, 4356 23 MPa
T/ 1. 6254 #4 1. 7354 %] 15183 MPa F#Y 1. 6354 Fn
L7558, BEBS AN KIR T R S5 R AR, RIL vin
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Fig. 1

Radial distribution function in CaAl,Si,0; melt as a function of pressure
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Fig.2 Coordination number of CNg_,(A) and CN,,_,(B) in CaAl,Si,0; melt as a function of pressure at 1999 K.

R T-O-T(T = Si**, AP ) &% /) ( Scamehomn and
Angell, 1991 ; Nevins and Spera, 1998) . B 1TH b (E NI pE &
S TR MM, 435 23 MPa R 12.72 F17. 23 P&
) 15183 MPa T 8.59 #15.42,5x FHE S# Si-0 1 Al-0
BFITHES A R 5, X MR R T SR B Az AR AY 3L
(RTFXR)FEX. REREREE, ENNAERTHER
FXFBUE(E , 7T 0 Si-O F1 Al-O ZEZ5 K h HEFI IR &
BTN,

Al-AL AL-Si F1 Si-Si R F %t Z A1) RDF phek s — Mg
F/NBEIE J1 AR L 5 Si-0 F1 AL-O A8, ¥ b8 FE 1 7 75 1 R
&, REIH R H FE T e 1 I 07 B 38/, 2 3 i 23 MPa
FH93. 185A.3. 1854 F 3. 1554 /N3] 15183 MPa F
2.9954 3. 1354 #013. 1254, KM IB BEAK YR 0. 194.0. 054
0,034, BEESAI/INE B HF PRSI ER, SR S
fRE TR Al-ALLAL-Si 71 Si-Si i Fxf 2 6] H145 & 4518
BE, BN 2 B R B AR SR Si-0 F0 A-O RT3
BN, T Si-0 @B TF A0 @&, Bl EHREA T, Al-Al
B Si-Si BA L RAES MW LM, MW ALS BN TFEA]
ZE, 5PN T ARE MR, EH# Ca-Al, Ca-Si,Ca-0,
Ca-Ca il 0-O $L-F %} RDF 4% i) 45 — 1 i th B0 49 437 5 />
{HEETX,

BALLEWHE, E AR A Bk T %$ &9 RDF
B A — MR, R DR % 7 B9 o R /], Si-0 , A1-0
Al-AL AL-Si 0 Si-Si SERIZRA AL F HEF A FLIN R B 2 IR
B WP, T Ca-Al,Ca-Si.Ca-0,Ca-Ca f1 0-0 EEBET K
AR ERRE,

ARG E SRR NS — R B BAR R G
B 5 LB S A

REAVES, € ROF RSB — NS MENLE,
et rpu O T BB (L T BE B P B 432 IR T 1 N3, 1B Bl P
BT HIEC 3 ( Wasserman et al. , 1993), #itn,23 MPa F,
Si-ORLF % RDF M4k 5 — 4 BB M A E & 2. 2954,
TFRERG BT RE (5ns) B, LIt F—4 si** AEA

F2.2958 BEREpY O° /M8, B30 S FEE OF M 2Ly
(34 %5 W%, TR CNs_o) BB I E & A ROLBT
AHES . AARK T SITE AP FE O 4 KE A
(5N CNyy o) BERERME S, Si** A AP B WEAL
HE & BREE A L0 2 FrR .

MEFRE UE i, 7E 23 MPa T CNg_o B 4 W (FI™'si
FR KIS RR) N E(H 8% ) , BE —ERKT S
(2%), WEHEENETHE, " Si B o LB # AR, ' Si
FF o LB K, 72 5 GPa £ R TR B A si, 3 15183
MPa i, 1 Si @ LB S6% TS F0TCTSi B9 L B 43 51
EFFI33% M 11% . 5 CNg_o 4R, CN,,_o7E 23 MPa T
LMAL (4 78% )  RRIME, P ALY 17% ) B9 & B
Si-0 &, MEA ™ ALF' Al F2 28, ME A A Rat, UV AL 1
BI85, 3F1E 8 ~ 10 GPa 2 KB K ME (49% ) ; 1AL
WA EFHZE 15183 MPa T #y 44% , 376 10 GPa £ 4 H
ﬂ[ﬂ Alo

EEjJJ:ﬂE‘JﬁﬁEP sCNsw:{ZigﬁM 23 MPa Ta‘] 4.0
EFE 15183 MPa T iy 4.6,CN,_, FH{EM 23 MPa FHy
4.2 - 53115183 MPa F9 5.4, ML b H BRI RFRE
J18F CNg_o M1 Oy, B FH{E 5 R H 1 (4) B H L
RDF £ B0 EAR), 3R G180 5 RDF i+ B EH.

B ONg,_oF1 CNy, o M54k B R RO TR, IR D
PR TR 1) B K BE S AR 3R, AL A B B RE MR A5 AL-O R
PrpkEr 5i-0 Fehr kst i 384k sk,

3.2 AYBRNMBENNEN

7E 1999 K F,23 MPa ~ 15183 MPa Y E 15 B, B
EAFE BT BT BARBEELINE 3 Fim. MEFTL
B ERNENEEN, G 0 E YR B E S A BT
BT S 0" MA AT BAKAEWBES
e ESMET 8 GPa i, =HBL FRI BT MARKZE T
AR, BB HEME, S M O3 GPa £,
AP E 1 GPa ZE B S I B —MMGE MO LE ; 245 H ks
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FrEnt, B S RECRAE BN W IER B RE&H
TRV, & ETREM Si-0 M A0 #) 4 WAALE [
5 YK 6 WER AR AR, 5 IRECALIK B A Fl TR F i
#% (Angell et al., 1983; Kubicki and Lasaga, 1988; Baker,
1990) , XFHERER T AV HAREF B, BN ED 95
FERON SRR T AL F M- A, B8 A SR e AR ELHRH L 3B
RABALER RO ~8 GPa AR T BT AKX E N
PR FEENFREABER . YEHREARH,S KE
PLAR BT & He B/ (JLE 2 B)  HFIRSERL 5 T E R4, F

RRT BT RO
8
—4— Daa
15 —8— DAl
—A— Ds
a2 ——~ Do
E
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&
kS
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Fig.3  Self — diffusion coefficients in CaAl,Si, 03 melt as
a function of pressure at 1999 K. The short lines on data

points denote the error bars with 95% confidence.

HTH B AR SRR LN SR EHR
REFR. BRABIBRESEEHWRH Si-0.A1-0 14 W
S R UK B AL A 4 A B IR 45 28 ( Taylor and Brown,1979),
i Ca®* MIYEN RSBk A7 T MIZE 18], By 845 0
SREZHMETRE, R CEBIREH PR B Rk
M. Si*T AP F1 OF SRR R T, BT 84T H
ARBENEEE, W S 5 0* WHMKEENS, IR
KEHIBES E 2, 8 AP Y BRI AE LA E
HER, XRENESEH LS5 O EREHRE, AP 3t
ShREFHIMRE Si*t F0 O° R FRUR (A 1,2 FFR) L BR
UERY BAT BRI E S TRE £,

MEEMFR BT MAREE, YENKT S GPa A,
Ca™" WAV BARHERTHE SHEF, HI0, 7 23 MPa
T Dg, = 17.57x10"°m’/s, D, = 8.34 x10 °m?/s, D, =
5.95x10"°m’/s, Dg = 3.76 x 10 m’/s, HFls F AT B
R HAXK/ADA D, > Dy > Dy > Dy, 5 Liang et al.
(1996) KIMBZER 8, FEEENFE, 25BN, Y4
335 15183 MPa B, D, D, Do Ml Dy 43 514 1. 83 x 107
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m/s.2.87 x 10" °m?/s.2.09 x 10" m?/s 1 1. 67 x 107"
m’/s, EATEEFHIE; AR MENEEN DA KRT
Dy, B BAREEDERE 2,

587 A TAHEN ., Nevins and Spera (1998 ) #54}] 4000 K,
0~76 GPa E /1B EHIR R A R PR FRIBT AR R
I Dy 1 D AR KA BTE 5 GPa 2245, T D 1 Do MIZE 2
GPa EARHBUR KMH, 54 R AEH AN EH SR -,
EMA—-BAT BB ENESS IR, Ry BREZ
REFMIEK (e. g Russell et al. , 2003) , (BHABEHE RS
BEAS IR 7= A i

3.3 WMREHMENNTL

1999 K T, §54 1 R4 15 14 PR RG ¥F FEE AL EE O 9 288 4
B4 (BRBER R 2) , NE AT LB SRS B B FE 1
WABRALF, P ARRERRMEHRE KRR 23
MPa ~ 5058 MPa J5 A, b F+ 2818, Wi 7E 7897 MPa ~ 15183
MPa G, EFHRFEAER, HEEEX NS REPHER
(Bridging Oxygen, & #% BO) K& B H %1 5% & ( Manghnnani
et al. , 1986; Sen and Mukerji, 1997) ,

18000

/
<M

0 2000 4000 6000 2000 10000 12000 14000 16000
FE11(MPa)

AR (10 'Pas)

g

o

4 1999 KF 854 A RS 140 BY VK #4F 2 I 1) B 2
oo BiRa ER/MERFTRBIEEN 5% HREL,
Fig.4  Viscosity of CaAl,Si,0; melt as a function of pressure
at 1999 K. Tthe short lines on data points denote the error bars
with 95% confidence.

— R, ARG BO S RN A, TP > | 0%
BERRE BRREMBRITEARMER LT
o TRMWEEAR, (22 BO SRS E WA R
LAER MR 48 Sen and Mukerji (1997) XPKEHE B 5 BO £ &M
BH%, % BO W& BT —E BN, REEHTE —E /M
HEEN R, BTSRRI T LBt JERR A
(Non-Bridging Oxygen, i #f NBO) &% i #9735 PR & 4235 30, 3X
B, REBRGARE 2 BO S R M/, BO S RE—
TR PREAAR LI E KN Y B0 SBKTF
BRERE R , FIARIR1E SRR NGR AL B B,
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R2 FBREASBEEEMRFDNEHRBBER

Table 2 Structure and dynamics properties of CaAl,Si,0; melt from simulation
KA D, Dy D D, MNs NBO BO
MPa 107°m’/s 10 *Pa.s % %
23 17.57(0.49)  8.34(0.23) 3.76(0.08) 5.95(0.07) 293(7) 10.2 89.8
972 14.74(0.35)  8.66(0.17) 3.84(0.09) 6.17(0.10) 287(13) 10.0 90.0
2083 11.90(0.47)  8.57(0.19) 4.04(0.10) 6.33(0.07) 292(8) 9.7 90.3
3044 10.49(0.21)  8.45(0.17) 4.18(0.12) 6.33(0.07) 304(11) 9.2 90.8
3956 9.39(0.28) 8.07(0.20) 4.13(0.13) 6.22(0.06) 309(7) 9.1 90.9
5058 8.18(0.31) 7.78(0.17) 4.06(0.08) 6.06(0.03) 337(13) 8.6 91.4
7897 5.79(0.13) 6.35(0.10) 3.50(0.11) 5.16(0.07) 424(12) 7.6 92.4
10074 4.38(0.17) 5.56(0.17) 3.15(0.12) 4.34(0.08) 544(18) 6.5 93.5
15183 1.83(0.06) 2.87(0.07) 1.67(0.05) 2.09(0.03) 1445(103) 4.6 95.4

¥: Do, Dy, Dy D450 Ca®* AP ,Si** #1 O ) A Y BUREL: s WIS B BY YIRS HEHE , BO% Fi NBO% 4351 & &
NETHEMERENE ST EH. FENOBRFRERER 95% W HiRE,

REWTRGRRATERRAOER ER A, e, BO A &
BT/ MERSTIR RGO ERE BT, Sen INARF R4
BO R BERR, KB 80% ~90% K4, Hl,K,O-
Si0, & 45K 92% ,Mg0-Al, 0,-5i0, B4 K 85% ,

it O°" EE AP” Al Si'* BB AL 3 (CNogn ), 24
CNo_si,n =2 BTXTRE &Y O°7 B4 BO, REEH T BO B H 4
HRAR2EREVBOWESRMES EATHE LK. 446
[l 4,7E 23 ~5058 MPa(B0% <91.4% ) , ¥5¥ B BEE 1384k
2248 ; MFE 7897 ~ 15183 MPa(BO% >91.4% ) , K4Hh B b &
HABPE LT, 454 Sen and Mukerji( 1997) BB, B LA
¥ BO &R BEETE 91.4% HHE .

3.4 EAMMHESET MR ZEXRORRE
BRABBEESNTFETVBERZRAXERE RN
EAHEBH R Stokes-Einstein (5N SE i, Fik

A D= gt Jooh DAR AT MORKL T IR, b

& Boltzman H %, n N MIRARSHEE , r 0T BORLFH9EAZ) |
Sutherland-Einstein 7 8 (ffi 5% SuE H &, xR H¥ D, =

Tl 5 % SR SE R i Eyring (D, = L g
TN nA

S8 RRL N Y HOR T Y BBk BRBE B, — LBy BOkL
FHIE,0° F 2.8A(e. g Rubie et al. ,1993; Shimizu and
Kushiro, 1984) ,Si'" Fi3.94) , BB FRETHASEN
S, 4 BUREBL T K5 B 21 R (stick boundary) MR
(slipping boundary) %{4 ( Zawnzig R. , 1983); Eyring 78,
HEREHEFREPBEEBAEIN TR, bt ESHEiE
(transition state theory) #E ST 3 , & & 820 4318 100 F Kb W BE
E*ﬁ?#ﬁﬁ%ﬁZlﬁl?@%WﬁM(MUﬂgﬂﬂ, 2002), LA E=
AR, SE 77 B 5E A F BRI A HF AL B F ( Chakraborty,
1995) ,SuE H83E Fl T4 KIRIE B F ( Zhang et al. , 2000),

Eyring 7772 2 840 S3% 0 T B93E AU Mungall, 2002) ,

MBS BT H: B, B AXENARBE —EH
PRl : SE J7 250 SuE AR A0 MR 1K J1 22 3 R 9, B 5K
PRI 9 O BB FH FE 2 49 IR A& 7 ¥ 35588 , Eyring 578
TR BLH SRR, X e e FE R B JURE R AL B B R B
PERRW R . HW A EARE HZA ST EBR 0K
BYBREFESN, BR EANARNPET R TE XL
BYCRE), Eyring FHEH BEREE R N 42515 SE FEPH
6r il SuE TR P 4mr 3R, AR, X T/ — R4, 4
R 887, F SE 7 RB RN AT B R BEWK £ Eying
FRUTELERAE 100G XBRRFEGEN, EX
£ AR BB X 2 7 B, 372 BLF R AT S B 1K
A %1 (Chakraborty, 1995; Mungall et al. , 1998 ; Tinker and
Lesher, 2001; Pollack and Enyeart, 1985; Hofmann, 1980;
Angell et al. , 1983; Shimizu and Kushiro,1984) ,

REEREZBEEE, BB TEREENERU LT
EREMRAK, X & BEXRPINABRENA, A
AZ I B B F (e. g Scamhorn and Angell, 1991; Poe et
al., 1997; Baker 1992; Lesher et al. , 1996; Mungall et al. ,
1999; Rubie et al. , 1993) XU BN E SR T AY
BABRANBRAETRA Y . X=EAARMEBET
BARBAN S N¥RZFEENBEERESRAFEE T
Boltzman ¥ ¥k H%; FREFARXFTEY B TH XS
BBERR . BT HE FE=ARRZRP ST B0 TFH
KIS EGEFF A BRERBE B (jump distance) , FPIRF A 7R o

7£1999 K.23 MPa ~ 15183 MPa (454 T, ks i
Si** 0" M AP BUR B X R S BIANE SASB FTR, A TH
2 RAXEALAR, B bR BT B ERBE BB 3. 9A (A [,

M THETHER)M2.8AB A, MY TEEFHER)

At %F N A9 Eyring J7#2 . Sutherland-Einstein 72 #1 Stokes-
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B si'(AE) MO (BE)BT BT MANSHAKNIMEZFAMXR, Eh RS 70 WETER
ArRIE3.94 F12.84 Bt Eyring J7#2 .Sutherland - Einstein 7721 Stokes — Einstein BRI B,
Fig.5 Relationship between self — diffusion coefficients of Si** (A) and 0%~ (B) and shear viscosity. The positions of Eyring

equation, Sutherland - Einstein equation and Stokes - Einstein equation were also plotted at diameters of Si** and 0~ equal to

3.94 and 2. 84 respectively.

Einstein TRFEMME. NEFTUEH, EENATH
AR X TH BT BRES BRI 2 H X R
HEABBE="ERTNELRNEH—A, TERIE M
Sutherland-Einstein J5#8 1] Eyring 77 #8534 8, X UL
ENHEN XA I EMERZ BN X RE YW, =K
WHEHBRAX R,

MEZRESMAN RS, RACITHFRR HIET
BRERBER AR, BB R, AT B AN ALY
KBS O FSi** I A3 BUR A, B A = hT/Dy B8
B 07~ BLEREERS (N, ) F0 Si** BRBREEES ( Ng) BEIE S 9254k
L(ME 6 i) . REBFF IS T A7 0 % 7 B BR oE
BEERW, ORSEMES MRS AT HARLREMN
B .

B 6 5 No il N B EE 7 B F 185 T B2 9RO 20, (L0 /0
BERR. BtaEERET EIBEESHEL, BE @8
AR N BRNR? RITHE, REFREHE S
Si-0 1 Al-O BCA fAc4H A i AR # 42 , BE 07 44k 2 6] 46 5 5t
BO ME &%, 45 b ARIYER B (rigidity) 55 B2 ALk 2 (/] Y
BEREFHEXER, AWMU LT, 525 BO fl NBO Ze4%
W AT SR B 3, 42 percolation 33, NBO 55 BO
XS B UL R #1032 3, T LW T 09,
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Fig.6 Jump distances of Si** and 0*~ as a function of

pressure.

AT AP BR AR G54 5 K B /N FORL T R AR T i
B (Sen and Mukerji, 1997) , T N HOTKSHEE5 B3 80R 3
REXFHRBSE, TSR T B T80T s
THPRE IR, By HEWT A AYFRE 5 2 4k & NBO/BO
HAEA S BA Ko BT RAEX —HiL, M N, FI A B8
NBO% HyZE(LHI LR, I 7 Fim, MEF T I EHET,
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Fig.7 Jump distances of Si** and 0°~ as a function of
NBO%. The broken line is fitted using \5; and NBO%.
The solid line is done using \, and NBO%

BEE NBO SRMMAN, N F A IFMBAIE K. T,
AL 5 NBO SRAEFEVXRR, LHENE5NBO SR
HIXFAEXEAR R BAR, MEEN RN WE I HE
ERSEH RS RS, AT M BO WEE, HK,
NBO K& BMAMEAR; RN, R 4IPS TR FROKEE
Biagh, B A FEES A E R X E 7 BT ER
B33 Ao M A B NBO% B & H (1R 8 WA H &K
BF):

Ao = 1.136 x NBO% + 4.022, R? = 0.9899 (4)

e = 2.370 x NBO% + 0.4510, R = 0.9857  (5)

BN, MRWE 199 K. AREHTHKARGE F
NBO% i & & , 7T A8 B N 7 N, B8, 454 Eyring 5
B NTHGARES TREES 0 s A 8RR
HEHE, IMTRES 2RO KGRI ESEN
R, R TERER, RET -HREGRHETHEEN

H TR R R, AT R RITE 1999
K.20000 MPa TREHEBER OF" AY MR EK, BB EIZ
REATBA)MG)HEBRAMNBRLE, H#EFREN
3.73g/em’ 1B BIM B SCHE LR F1 30 19998 MPa, B i B 819
W RHRBE R AR 2000.1 K, HHBIRK

ms = 0.63£0.06Pa. s, D, = 0.61 £0.01 x 10 °m?/s,
Dy = 0.57 +0.02x10 "m’/s, R H NBO% H2.7, FHE
A BRI, B ER R E R ITE O
Si* AT HAER. BER N WEE H NBO% = 2.7 RA
FRB(4) FIHE(5) BB E N, = 7.094,, = 6.884; &R

JG 4 ms = 0.63 Pa.s AT Ao A, TEF AT D, :%ﬂ"

B .83 Doy = 0.62x10 °m’/s, Dy, = 0.64 x 10 °m?/s,
SHEAMEM N, AR ZE SR 1.6% 1 12.3% , A RA L

BEIMEBE R R Y NBO% 5k BRBE B &9 7 ¥ 1T LA R A F 1999
K AREH FERARMBEREIER 0° Si'" AYHA
BOOMIIE, {B7ER AR, 5 S M, R 0 M AT E
RAEBAELR  RACETNESEDEZ EIRE AN, L
b EHTETBEAER SHEE W EAEER, W BRZA
O £ Si*" 1) B Y 8 E B 1 ( Wasserman et al. ,
1993) ,Scamehorn and Angell (1991) i} O*~ iy B ¥ B & ¥, i
Ogawa et al. (1990) F1 Dingwell(1998) M Si** B 8L &%,
BXMBFRERZH, EERKARSBEF, YBRBEHH
BRI, O MY AR S SHBENBKEAEE
%, WHEMEEET,.O EEMFLT Si-0 A1 A0 M3
SEHWERAE, EMTBOTRE RN R St B,
BlEt, R O° BORL 74K Si** MIUME, 5 T RE M4 R
R BN REHE A e TR

4 4

FXRG TR HETE,BET 199 K F,23 MPa ~
15183 MPa [ J7 Y5 B P 45 1< 0 AR 24 (R B B VR85 ) KE WF FE
TRLF BY BRSO R S50, S xR K I E S 0° F
Si'* BY BERNZ X RMT T SRRV, 87 &
RIS RO SR RSB E LA
*o IREBMALS NBO &5 0 f Si* BRERBERI %547
MK, BRI, BT W B R F E ST NBO B4 &, k8 BEREE
BIRE BRI Eyring FEEWHTARELTHERES
O Si'" B BURB (] AOAH L HE 38, T H4 B 2 e IR
MR AR SYEE RGN E, b TR T —FisEk
B — MR R T R MBEE, BT L ERFRE T .
AEERRS (KA BELE) PHRE(4) MHE(S)
REMKER, B TH—SHHR,

it dERKERKGEHEEE T AR, R T S5
HERER fEERTRLIRM,
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