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We investigated the structural units of XNa;O-(1 — x) B203 glasses using molecular dynamics (MD) simulation

with the interatomic potential provided by first-principles calculations. The results are consistent with experimental

trends in interatomic distance, linear thermal expansion coefficient and BO4 units. The amount of 5- to 8-membered

rings at x = 0.2 is larger than the other composition range. This suggests that the structural unit constructed by a few

rings is related to suppression of thermal expansion.

Keywords: Molecular dynamics simulation, Borate glasses, Boron oxide anomaly, Oxide glasses

1 WELS=

¥Na0 — (1 —x) B203 AT Aldx = 0.2 (3T CRRENE B R
BHB/MEZ S S [1,2], ThERTBEE LS. KD

IR AT A DR T F#AF I = HNL(BOs), kUM
BifE (BOs) HEIEZ D C IS NTED, T ORI
ZAED R U BEE LRI H D & SN TE . NaO -
(1 = x) B203 AT AHICIF(ET % 2R 7 FITH % MUl
RR I EDOHIE (Ba) 130 < x < 0.4 ITBWTx DA LE
WL, 04<xI1Z7x% &B -0 -B AN,
BOs ABO3 IZR5 T &H'B NMR HIliE [3]1C & » R &
Nz, TOLE, 0<x<04IZBWVTBs HEINLKLT %
DX, 7IVA)BEBIEINB -0 - B EGZYINIL,
MR A DBEM AR T TOVBIURARYRIC N Ty T
NABECIEEICTFET B2 EEZONT VS, x=04
THIK & 75% Bs &x =02 THUNE 72 % $REE R IRE D
MfEtEN - LT D, Ko kEAME1=y
FE7E%B -0 - UV IREED B AERE & IR D
BLEN, EmwmENTEk, ZDO—>& L TKrogh-Moe
¥, x=0lcBVTC, RUHESLT Y EBIEMA A HZEN
FN=DOM5553 BERRFY—ILY V) DB
BETNZEZ, x BEINT 2180, AaFy—iLy
VW4 BEUEOREN) VIANEENTZETIVE
RELE 4] —77, x=0cBVT, FaFv—)LY >~

TORMSIRZMEE LGS, faFy—iL) v 7k
FHiHE TH B0, KUK DT ZADEEMNNE L
% LER L, Krogh-Moe DETIVEEET %iid
H%[5]. LML, Youngman H'''O DOR NMRHIEIC & >
T, RaFV—)V VIR 70% FIEL, D LK
VAR SR ENS L= RaFy—)L) VIR
#30% TFIEST AT &l LizCc & T 6], Auf+y—
WOV TFELTE, =20ty b T — U hhdEz
M TE% & L, Krogh-Moe DET )V [4] ZZFIT KT
FEEMRT 5 &N EZoT V5.

77 78 J1%% (Molecular dynamics, MD) X 2 L —3/ 3
NEKBIETIR, Rady—)L) T ENEERER X
DEDEY, ELLREELEV EMREINTY
% [7-9]. Ft, TNS5DOMD OWFFE Tl HREAREIRE
WKDWTOFRIEEV. BRLETIVAY T A BT A
DMD ¥ 2 a2 L—3 3 VS FREEOR R ZF H L
TEDFEFRMHEEAZER L, RERNICED TR T
MAHEFER X DS, AT ZAORESYIED HIR A M E
T BEEREETZ [10,11]. F T TR T, i
EF U A TR ENEH ZE 8, xNaO-(1 - x) B203
HITAO<x<05) OMD ¥ a2 l—YaryzEiFwy, &
v R OMBINEORHE, KUY v T HEE DMK 21T 5
7z.

DOI: 10.2477/jccj.2018-0029 113


http://dx.doi.org/10.2477/jccj.2018-0029

100

A Bray etal. (L1)

%0 r  eBrayetal (Na)

30 | M Bray et al. (K)

70 F Theoretical curve
~ 60
<o L
m

° L I

40 F oA

30T oo A A

20 4

0k This work A

0 a 1 Il Il Il 1 1 &
0 01 02 03 04 05 06 07 08
Composition, x

Figure 1. B4 of xNa,O — (1 — x) B20O3 glasses at 300 K.
Open circles and solid symbols show the MD results and
experimental values (solid circles for NayO-B2O3 glasses,
solid triangles for Li>O-B»O3 glasses, and solid squares for
K20-B,0:s glasses), respectively. Theoretical curve represents
the relation B4 = 100x(1 — x) [3].

2 FEFEEH

AT TR 7 A EEF OB E ZDRT >
T VIR T A— AT & [ URRE /5L [10] TR
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Figure 2. Linear thermal expansion coefficient (300 — 600 K)
of xNaO — (1 — x) B2O3 glasses.

HEATTAMD IV D—UDEETTH D, Lok 1E 300K
ICHBITFBMD VIVDOEETZ/RT. (1) RED, 300K &
600 K OMD t)VEMN S RARE > T AR R IRER DR R
% Figure 2 IC7R9. MD R ORGRIGx = 0.2 ZHvIMEE
9% o DM [1,2]ZFHH LTz,

300 K 1 BUF % &AM B BI L (Pair correlation function,
PCF) 7% Figure 3 IZ7”9°. B—0 DPCF (£0.143 - 0.190 nm
WY — 27 %R L, BOs OB FREE]
WKKE— I WNEN> T3 EEZBNS. Na-0, O -
0, B - B OPCF IFZNZFMN, 0.200 — 0.300 nm, 0.220 —
0.300 nm, M 00.200 — 0.320 nm 15— ¥ — 7 %2R
Uz, F b U LR B RS & 0 55 — 3 12 )it - s B e
B - 0:0.126 — 0.158 nm, Na— O: 0.221 — 0.314nm, O
—0:0.226 — 0.245nm, B —B: 0227 - 0.266nm T&d O,
¥Nax0 — (1 — x) B203s AT ADXRD I K % B — O [H#E#H
130.137 nm (x = 0) [14], 0.140 nm (x = 0.25) [15], 0.145 nm
(x =0.33) [15], Na — O [#FA#EIF0.240 nm (x = 0.33) [15]
TdH o7z, Figure 3 IC/RL7ZMD FIHEOFERIII NS &
—HLTWV3.
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Figure 3. Pair correlation function of xNa,O — (1 — x) B203
glasses at 300 K.
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Figure 4. Distribution of ring structure in xNaO — (1 — x)
B>0s3 glasses at 300 K.
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Figure 5. Schematic diagram of (a) boroxol ring, (b) tetraborate group and (c) diborate group, respectively
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MEZSNS. MBWRGREDMNEI2%x =02 T,
Figure 5 IC/RT KD BT b IRL—MHEE X AR L— 1
BEAOTFIEN T MBI K DR SN TED,
CNEDOREEL= Y FDIFEIC K D BARIGEME T
VI EZINDD [16,17]. KHIFEDx =02 Ti&, i
OB RS ~8 BIRDFHEENZ N LD, kA

DOI: 10.2477/jccj.2018-0029

BN IL— g VORGELZw PR ENTVDS &
AbNB. TDlzh, TNEORGEIL= Y b DIF(EHEN
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RTFEMHEERHZ#EHE L2 2 L—2 3 Vid, xNaO
— (1 —x) BoOs I AR O —rHelsi v HIEEHE, Ba N UHR
BURZORAREL DR ZA L D 2 FEE U 7z, BRI iR (R AL
WHUNE 7% x =02 TIRY V7 HEA TOREL= Y t A
BRI T BT B A REMED B 5 .
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