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ABSTRACT

Molecular dynamics simulation (MD) of (62-x)Ca0-38A1,0;-xBa0 glasses has been carried out using empirical potentials with the
covalent term. The simulations closely reproduce the total neutron correlation functions of glass with 5 mol% BaO and physical properties
of these glasses such as elastic constants. For these glasses, aluminum is tetrahedrally coordinated by oxygen, but there is a part of five-
fold and six-fold coordination of aluminum. There are no major changes to the mid-range structure of glass, as barium is substituted for
calcium. To predict the barium coordination number, we have used the bond valence (BV) theory and also compared the results of
simulation with Bond valence. The coordination number for oxygen around barium atoms is close to 8 and the average distance of barium
and oxygen is nearly 2.80 A. The viscosity of these glasses increases with the content of barium oxide substituted for calcium oxide.
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Table 1. The Interatomic Potential Parameters Used in the MD

Simulations.
O atom Al atom Ca atom Ba atom
Ze -1.5211 22500 15600  1.5600
a/A 1.9000  1.0170 13840  1.8100
b/A 0.1500  0.0810  0.0880  0.1130
c/(kcal/mol)'?- A 357000  0.0000 12.0000 19.5000
0-Al
Dj/kealmol 22878.00
ByA™ 4.00
Dyy/keal mol —-1406.00
By/A”! 1.98

EELLLLED

=gl

] 300 K71A] 3813t Stepde] W EE ~0.005 Kistep
22 300K7AY WHEEE 50KpsolAth 2 & HE
o] AXE AT T, ol 2= oA 100K 2+
2.2 20000step®] S FHstHth 22 BN FE
= 7371 98l 300KeA g 1~5GpaZ W3} AFA
7he zb b olA 10000 step] A4S 33T o] fE
Aol W9 F2E Bergmansk® Rybicki 'V 23] 7}
2E 22339l ANELLIE A3} ring sizeE AlAtst
3, o|=EE A4

2.3. /8| M=

(62-x)Ca0-38A1,0;° xBaO(mol%)2] A (x=5,10,15)°]l
F3l= Aldrichte] CaCO;, AI(OH)# BaCO;E &
F, frdolA 1h T3t BMAE BEIT o] ¥l
WBEFZ7h e ol A7]|2A 1550°C 1h FAF F-,
& 9ol By & FHos gl yoz g
Azg F, 850°ColA A¥g AZT £48 s A1#
£ 10.0x10.0x0.7mm’ AX9 A7)E A 2 dn}sto]
FHsIEeH, HFHLR 0.05 um 4RV EUE Wl
23k

i ok S

oft

24. 849 &3

(62-x)Ca0-38AL,0;-xBa0 219 7AA B4 Bae
Panametrics*}-2] ultrasonic pulser/receiver Model 580022
ST ©o] AAE AMEE uiel Fyle) gE&e
& 4% F A9 FAZHE Poisson's ratio(v)E T3}
Aom, Poisson's ratio(v)$} ©] FEAQ) REE o] &-5lo]
Young's modulus(G)E 73Ftt. #-2]9] WX Archimedes
Hell wet B wifA R 298k,

25 34X3d 53

42 8- AL J=9 Rutherford Appleton 37
49] GEM(general materials diffractometer)g ©]-& 3} t}.
Al¥E 871 Background®t F+E FHA3} slr] YA
Vanadium §7]1& A83t1.om, Al EE Smm )&= ¥}
Aste, A 25 micron, A& §mm¢l Vanadium £ 7]9j
AEE Yol 2HE sk WY Alol=E 12x40 mm?
ol Al#He] dlolEE 10A7 B¢ FAHAUTH 2F b
o|Elo)| Al Bragg AL YNoH A|HEY RE REo]
amorphous i A& 1 &7} YA

3.E3 Y

3.1. HHA a==0| EFEH BT}

Table 19] JEFA HEA 59 g3A4L Hrlsb)
A3l (62-x)Ca0-38A1,05-xBa0 FAS x=5 mol%E ZH=
frelel SAA3E e olg fE9 vt e



M

EAFT AEHIHCZRE dojzl A#E vlasiairt

FHAEEY A A EH oA RTE Bojl A
& Hwdy] HsiMe AlEYelHezE dojxl PCF(pair
correlation function)E TCF(total correlation function)®
H3S Farvt o, ol o 4 (2), B)2FH A
Rl =

t(r)= 4777’ijogij(”) 2

T(r)= Y cbbitr) 3)
ij=1

A7V, 9 by A2 DA B&3 YA scattering

lengtho] 2, p= 92| W=, gy PCFolth A& olH

9] TCFE momentum transfer, Q2] A|gtd ¥ wF9

broading®] FojoF 3t =2, ofgfe] 2 (4), %)l osi A

ekl

;= o]'tij(r')[P{j‘f(r—r')—Pf}’(rﬂL rdr' “
Py =22 M(Q)cos(r0)d0 )

9] AoA & BZ(dummy)F ol T},
Al Ego]Ae] TCFst S48 9] gi7kel Atole ol
o] Mg Abg-ste] AlatATh

AFEE R0l 9J3h (62-x)Ca0 - 38AL0; xBa0 f2]9] & 4 177

Neutron diffraction
- = - MD simulation
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Fig. 1. Comparison Neutron diffraction and MD simulation data
of 57Ca0 -38A1,0;-5Ba0O glass at 300 K.
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Table 2. Comparison of Experiment and Calculated Elastic Properties for (62-x)CaQ -38A1,05-xBa0 Glasses at 300 K
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X=0 X=5 X=10 X=15
Density MD 2.86 3.01 3.08 3.18
(g/em’) Exp. 291 3.07 323 341
c MD 146.28(+19.70) 149.13(9.51) 136.86(+14.55) 122.72(£11.12)
" Exp. 149.46 140.00 133.00 130.00
Elastic MD 58.99(x15.37) 75.51(21.64) 63.20(+14.33) 36.83(+11.56)
constants Cp
(GPa) Exp. 61.46 58.60 52.90 49.80
c MD 43.64(+12.74) 37.81(10.18) 36.83(£11.56) 39.89(+7.45)
“ Exp. 44.00 40.70 39.90 40.40
Young's modulus MD 110.80(x27.23) 98.74(+19.50) 95.99(24.53) 99.41(x15.86)
(GPa) Exp. 1129 105.0 102.0 103.0
. _ MD 0.29(£0.07) 0.32(£0.08) 0.32(+0.06) 0.26(0.04)
Poissn's ration
Exp. 0.29 0.30 0.29 0.28
Bulk modulus MD 88.09(x11.95) 98.51(+15.81) 87.75(9.42) 69.94(+5.09)
(GPa) Exp. 86.65 85.70 79.50 76.70
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Fig. 2. The calculated partial correlation functions, t(r), for
(62-x)Ca0 +38A1,05-xBaO glasses at 300 K.
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Table 3. Comparison of Interatomic Distances and Coordination
Numbers of Al, Ca, and Ba for the Simulated (62-x)
Ca0-38A1,0;-xBa0 Glasses at 300 K

X=0 X=5 X=10 X=15

ALO A) 176 176 1.76 1.76
CaO (A) 232 232 232 232
Ba-O (A) . 2.80 276 278
00 A) 28 2.82 2.82 2.82
Al CN 4.14 4.18 4.09 4.10

Ca CN 557 5.62 5.52 5.44

Ba CN - 8.17 8.32 8.29
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Table 4. Bond-Valance Predictions of the Dependence of Bond Lengths on Coordination Number

g0 4 5 6 7

8 9 10 11 12

dpeo (A) 2.546 2.629 2.696 2.754

2.803 2.847 2.885 2.921 2.953
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Table 5. Q, Distribution and the Proportions of Non-Bridging and Bridging Oxygen Derived from MD Simulation of (62-x)CaO-

38A1,04-xBa0 Glasses at 300 K

X (mol% BaO) Qo Q Q Qs Q4 Qs Qs NBO BO
0 0 0.7 112 364 469 4.1 0.7 33.9% 67.1%
5 03 26 112 339 405 102 13 32.2% 67.8%
10 0 13 132 335 454 59 0.7 312% 68.7%
15 0 0.3 112 36.5 454 56 1.0 29.6% 70.5%
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