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Structure of Oxide Melts and Glasses

by Molecular Dynamics Simulations
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Molecular dynamics method has been applied to investigate structures and thermodynamics

of oxide melts and glasses. The characteristic structures of silicate and borate melts are overviewed,

and several methods to simulate the melts and glasses are taken up and the simulated mixing

enthalpy of acidic- and basic- oxide melts is discussed.
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Table 1 Potential parameters for Na;O-SiO, melt and
glass simulations.

z a/nm b/ nm ¢ /%5 nm3
O  variable* 0.1910 0.015 1.30
Si +2.4 0.0930 0.010 0.00
Na +0.9 0.1292 0.012 0.65
D /107 B/ nm! rs / nm
Si-O 73.0 20.0 0.152

*Defined by equation (11) (see the text).
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Fig.1 Two-body potential curves of Si-O (a) and
Na-O (b) for composition, x.
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Fig.2 Simulated structure of xNa>O-(1 —x)SiO, with
x =0.0 (a), x = 0.33 (b) and x = 0.75 (c) at
2000 K. The depth of MD cell sliced to half
for drawing. Tetrahedra, small- and large- spheres
indicate SiO4, sodium ion and oxide ion,
respectively. The lowers are whole MD cells
of NaxO (x = 1.0) at 1500 K (d) and 1000 K(e).
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Fig.3 Pair correlation functions of Si-O at 2000 K.
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Fig.4 Q, distribution in simulated xNa,O-(1 —x)SiO,
at 2000 K(a) and at 500 K(b).
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Fig.5 Distribution of ring size in xNayO-(1 —x)SiO;
at 2000 K.
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Fig.6 Enthalpy, H (a) at 2000 K and 1500 K, and mixing
enthalpy, AH™* (b) of xNa,O-(1 —x)SiO, at 2000
K. Reference data shown in (b) are measured
using calorimeter by Navrotsky.?®

W& U RE . & ) ISR SN0 L, KT vy
VORMEIZOWTIERF SN TV, 408513
FRA T ADMB A M LT Z &2 RTEIC, i
T X = PEEZEMLTVE 72D 2D EOWHEIZIZET
LTy,

IV IVE—EHEH L —3 L %\—)T, Fig.6(b)|Z
RUTZRE T Y 4V E—Ofl & RIBZbIZFEHNE & Ik
WL W—FHERL TV, REZY POV —, ASmx|ZIED
ik 7 5DT,

AG™x = AH™x — TAS™x (12)
Iy, BEIUINVE—, AHHPOTHOMKTHEADE

ToHhE, REF7AHHIAVF -, AG"" bR L% D,

£ 5T, Nay0 & Si0, I3 RAREDS B FNIKETH B
CEDTREEN D, x > 0.5 TIREMEE OFR—FD RSN
5o ZOMBIROBIATIY, ¥ M1 FZELELELFEELTVERNY
AL A & > OFEDEZ SN, HiRTOFEMIEL T
BRD—ERAR D A DIFFE A U B U HEME D H V), 4% D
Wt B 5 ETH b,

FEPED Na0-Si0, Rld x> 0.6 TIIEHIT B & GG IIHE
At T %o NayO FilfklZ 1405 K To ki 5, e
¥3alb—3 3y ThFig.2(d)&(e)lI/RL7- L) 121500 K
FCIERAMAT, 1000 K TEIAFHRIEPELCTHEZ L2 b,
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YIRS & B BRIEWRMA - 7T A DR

1500 K L FOIREETIE, x > 0.6 DR TR Ld
AU B REMDTRIE ST\ b,
4.4 ZOMORMADS

TAWIRRE - T ADRETANF % IaLb—Y
3 U PHRDIANEL {13\, B2, Wasserman 51
MgO-Si0> %5000 K, 5 GPaESMFCORGTZ Y F LY
—ZHE L TVRABDS, 2 MgO D5 x < 0.5 TIXAH™~ (X
EDETH 5720 ML OB TORRM 2R L
Two, TAFTEHEOBUBEIIORET Y Y VE—%,
Si0y-TiO2 RIZDWTHNRTV A, 18 Z DA AH™ 131F
DL 72572,

Na,0-B,03-Si0 ld— 7 T3 77 A DFRHBL
TH ), ZOME L ~OVEGHEBESE O T ISR S
N2 AT AFEURH H T A OMBL % 7710 L72E 7 VALK
ThdHbo ZORIIDOWTHTEIIFEC L BT 2D T
Wb, BYDARLE Z DI OMRZE b &AL T
B0, EEOBERIZEIZUROFMAD S, Tz, AHM
BT LA E L WHANRONS 7 &, M2 L%
LEBETH L, BIE, Q)RBLUOB®)+OROVTIE D
BB W B TRIRT v VEEA L TRTL T 5,

5. £&8
BALRAE - 77T ADOREEZ BN L T2 &Itk D,

HETETHE D W H LW T AR L
BEWEEND, 20720121, ESITEWHLBLO N T A
WZOWTCHEEB L OB FEO 7T — 7 OEREHIT L 2 &
PULEIZEFZER OND, —), S FEIFHETEE - 77
ADMGRIZHER Y — VDO EDTH B EFEELTWAED,
FRTRLIZE DI, FONFEFEIHEELTH S, it
S DSEEZ Y — )V & L THFEIFEEZFIETE 2K~
WEOTHZEHRETH DL EEZTND,
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