Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

Institute of Physics, CAS

D FENNFRI N LB R THERIS SO SR
T BEE HE EW LHhEE RE KT Efob

Structure evalution of electron irradiated borosilicate glass simuluated by molecular dynamics
Yuan Wei Peng Hai-Bo Du Xin Li Peng Shen Yang-Hao Zhao Yan ChenLiang Wang Tie-Shan
5| {5 & Citation: Acta Physica Sinica, 66, 106102 (2017) DOI: 10.7498/aps.66.106102

7E 26 1% View online: http://dx.doi.org/10.7498/aps.66.106102
I N 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/110

AT RERCH B BB S &
Articles you may be interested in

2 2R 70 e [ A 2 1) InS T B PR DU 35 45 44 7 B A 2
Structural model of InSb IRFPAs including underfill curing process
VP 2EH%.2017, 66(1): 016102  http://dx.doi.org/10.7498/aps.66.016102

TH] O 327 [ A <o ) AR IN JE 12 SR 1 LART A 28 R R T 5 <8 o0 il AT

Cluster-plus-glue-atom model of FCC solid solutions and composition explanation of typical industrial
alloys

YyH % 4.2016, 65(3): 036101 http://dx.doi.org/10.7498/aps.65.036101

#£T GaSb/CdS i RO AR LB ) #4151
Device design of GaSbh/CdS thin film thermal photovoltaic solar cells
VP 2E4%.2015, 64(9): 096102  http://dx.doi.org/10.7498/aps.64.096102

TR B A A T TR 25 T AR AT 9
Deformation modeling of InSb IRFPAs under liquid nitrogen shock
YE = 4.2014, 63(15): 156101  http://dx.doi.org/10.7498/aps.63.156101

AU [011] BN A JESLA g i S5 A AR E 1 O3 1 3 ) A AU A

Molecular dynamics simulation on the struatural stability of [011] tilt incoherent X3 gain boundaries in pure
copper

Y2242 2013, 62(15): 156102  http://dx.doi.org/10.7498/aps.62.156102


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.106102
http://dx.doi.org/10.7498/aps.66.106102
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I10
http://wulixb.iphy.ac.cn/CN/abstract/abstract69077.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69077.shtml
http://dx.doi.org/10.7498/aps.66.016102
http://wulixb.iphy.ac.cn/CN/abstract/abstract66522.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66522.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66522.shtml
http://dx.doi.org/10.7498/aps.65.036101
http://wulixb.iphy.ac.cn/CN/abstract/abstract63995.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63995.shtml
http://dx.doi.org/10.7498/aps.64.096102
http://wulixb.iphy.ac.cn/CN/abstract/abstract60310.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60310.shtml
http://dx.doi.org/10.7498/aps.63.156101
http://wulixb.iphy.ac.cn/CN/abstract/abstract54851.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54851.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54851.shtml
http://dx.doi.org/10.7498/aps.62.156102

3 % R  Acta Phys. Sin. Vol. 66, No. 10 (2017) 106102

DTN F RN AEE I IR TR RIS S
ERSENN

migpY?) HED #md e
RV 4L DT

1) (CEHER 2 ARE SHAR SR, 22 730000)
2) (MR, FERRITAEM LS S5 T 0B S A0 =, 21 730000)

Y RE

(2016 4F 12 A 1 HYCEI; 2017 4£ 3 A 16 HILBE R )

BBk PR 3 IR A DA vR U PR B [ A AR (R A R 2 —, B KBRS XHZ R B TT I 1 1
BT IR BN FE. BRI, AR TH SR T 1 AR AR D, H AT 2R T EL R 1 AR BN, R
T [ R L PR 1 R LR . A SCR 20 33 0 2 T RAR I — R 70k, DASEBURT B AR IR 5 3 1 B
SRR REAT BRI, 205 T2 T 500 B I S5 A AR R, BISIEEG P 04 B 45 R DR S AR KR
LR S B PP AR > TR SE, i T IR TR A S 5 HAR 7 A B EAR R, BT AT LA S M A
FHIZ LA R HeR AR T 7 3K, PR BRI R A T R BRI, 1R A B AR RS R BOR
gikafE B, BAEE R B B BRI T ARSI, BT R Si—O—Si-PI8 AZE R 1 B3+
RN B 2 DR SRR S8 3 D /0 T8 T 8 ;. B3 v 8 0 [BO] S5 2 B A2 0N [BO3) 454, A X Fh AL 20k
P KERRA S, BRI ER W I A 2 8. X LR I 0 B S R R T RE R S

SR (B PR R B3 LT AR R R 3 (0 A5 A AL A

TEETYR e B30 ) P S S 2 0 A

. B, ARSCER VA BEONE L 7 1 3 1 A AU

KEIE: WRERR LIRS, 7> T ah s, TR, A AL

PACS: 61.43.Bn, 61.80.Fe, 61.82.—d, 63.50.Lm

1 5 7

BE A& T A% AT 2 K R, AN T gk f th
23 7R ORI 2 ) v TRUR AR R, e TR R )
A B 7 VR S TS e R AR A B e R R 3
R ] A A2 b Rk 22— BRI Ak G 35k 5 3 ) A 9 B A
R R L. NI R Sh B HS (sodium borosilicate
glass, NBS 3% #5) {F v — R S A ) B3 M 4 32
W FE. 2% 8 31 ] 4k 44 3% 38 76 1 500 4F 3 252 i+
e R R e (L)) S 122 2K B 385 1) el 7 2 HELRPF 7 A gt
I N EE, 1999 4, Boizot % P RIE T HL 748

DOI: 10.7498/aps.66.106102

B NBS B¢ 55 ) Raman Ye itk 25 8, R BLE KF &
FEIER (3 x 105—10° Gy), £ 1550 cm ™ AL A A
a3 VR I e T o ) 3 KT G K, TRV 4 AR
480 e~ A VA TR HE S ) v i B m RS 2 Bl T
BIH Si—O—Si#a Ak /NITEL. Ollier 25 B R B,
T NBS BEFS A, R R B 3 T 15 B 2R A 45 R,
Hit— B, Si—O—Si “F 348 A N — B T
NN RSE IR BRI 0. Jiang AT Silcox M U3
o8 P 3 S R B A R T R IR R R A T4 R
2 FEIH A [BO,] G515 B [BO3) 4514
BRSSP O ABONIE RS T NBS 35
(1) FEL T BRAKORE, E A %o X 2 B S 1) B 1 SRR

* B BRRHSG (S 11505085, 11505084) F1Hp S i K AR HI L 5% 9% T T 55 4 (#LHES: 1zujbky-2015-68, lzujbky-2016-

37) BRI URE.
T #E/E#E. BE-mail: tswangQlzu.edu.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

106102-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.106102
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 10 (2017) 106102

B EHI AR 2. Delaye #1 Ghaleb 15 F| FH 4» T3 /1%
77 1% (molecular dynamics, MD) % #% J& #1255 14 1)
NBS 35 3 ) A 1% o kAT B 40, /5 8 IR e 28
TR DR F e R AR AL B A R T 5 I A5 A A
1610, A Rl B AE e TR R 3 1, ST A
A8 PRI B 1) D77 V2R BEALL NBS 3536 1) 5 e A
RO (3590 0 BB Fak v 3 S DL R P 8 7 4
H B R, P ORI 5 SR (R 5 R RO
TRV AN A B O O B B T AERE AT, T
L T PR R AR DL R T R o R KRR,
Xf UL RT 5 B 45 SR, I 55 Sat b ) R 4 SR AT
XFEE, AR TVE R AT

Toib A ik ALk, I POl PR R T, #
FEET R NBS 3538 B 25 4 JE RN R AT U, 1 AR
F A TR IR AN, X 3 B PRy MD XA T VEA
S ERRE, MD JEARER R B IAT . A
SCHR A7 LASE IS A S B NBS B
ARG R R PR AT AL, 25 18 B4R I S B h i S5 4
A R, R I 3T S 25 R i — AN RE R, BIAE
KA EFRE T HEAAD TRAER. IHRER g
R S8 STF AN 23 15 TR 10 % 4 v ) LA 1 R A
FEAEF B ik, BATHE B B X4 K
AR T MBI P A B, X e R S B 3%
BAAH S T 900 bR IR B, B ELERE IR
AR B B S B a5 B e [F], LR X —J7 vk
AT AT

2 o FE I ELTT &
2.1 NBSIKEE&EIGE

MD A5 50 3% 38 T 46 T X Si0 B 38 1) 22 3 1101,
B J5 2% m) 0 R 2 2 1A B 4 e ek TR R B T A
P X NBS BB B AS 2, B RTACE
% [ 9 Soules Al Varshneya ['2| 2 [H ) Delaye 1
Ghaleb 1) 3 22 (¥ Stoch 131 BA K 22 1] 2K 2 (1 7 il
S 92 8 3 1) T B R UL M A A AE X B-
OB S HARE Z G, FAB I HRENBS I
R [BOs] M1 [BOL] FIAELE, LR “Tl SCH” LR
) @ 10), K S 2 Kieu %5 7112011 4R 32 HY 1)
BrEAR TV, ETERAAE T RS T YBD B
RS20 5% o o far vk, FRL A (0 BOAE DA &%
B-O S5 1 52 bR I B3 20 73 TR E

HA, - AU AR 18 5256 b O I — SE
EC AT 3 2 AR R AR I, NBS B b A

AR THAR. BT NBS Bt FE R 45T
%: Na, B, Sif10, #i 3 F N BH ST HE Ak E f, [
BT HA O feftf s, Fith, T — RS T
1F L 14 RO R 52 BR2 5080 B 1 AR I 1 AU
TS B X A SRR A S
SRV R (0 B B 45 4, I 2 R TE Ollier 25 B (1
SO6 &5 J b R IR FRE 1 BB R AU LT AR A
DL A O 3, AN & LSV (A7 7E, JEH X
S Y A AR, 2 LA T B A I I 2% [ i o, [Tt
R T I7= LE N B R 45 40 ) 5 M v DL . i
I, AT RS B = 0 EUR T, DASEEURIH MD r
RS2 TR IR S 1 NBS 353,

IR F & DL__POLY 4.06 4 1-5h
J7E A 18] TR R F AR LA A B
#8452 ) Buckingham AR FE 1) 22 S 3. A
RERIA N

U(rij) = Aij exp ( - ) -

4iq;
—_— 1
+ 41’(607"17‘ ( )

oo, vy NRTIRIBOERES; g; A1 gy 20 52 BT i A j
MIHLRT & Agj, pig A1 Cip 2 RIS RESHL M E
qUA R A, p FIC I AAASETE I Kieu 55 [7) 13

B,

2.2 NBSEEBEULR

NBS #3520 75 A: 67.73% SiOo, 18.04% B,03
F114.23% NaoO (BE/RE J3 L), % E N 2.45 g/cm?.
A R T 6 3 B AR & 35 5000 AN, BERLA
RNLK A nm EAWIETTE, KRR XY Z =AT7
) 159 O JE S A0 5, BRSO 4R 25 1) D BB AL 70 AT
), R T D e 5 ok 1 A R SR SR
RFE R 100 MR 7, s ZBER500 M RIE 1. &
— RN ) BRSO R 1

A R JBL 6 B AR RS [ 4 ) R UL R
YR F AR [R] 400 0 B, BDEAR BT IR 450 2 ),
W% 451 B T 5000 K 1 &l T~ 78 40 J e, AR W
R T AR A, % RRAE EN R L (NVT) T it
17, BIEFFEE50 ps, B KEWENT fs. it
B ENR G Z 5, FELA10 K /ps 138 5 PE K
HLEAEN 2 5 300 K, BN KGS FR RS )
470 ps. B AETEIRIE S R %% (NPT) T il #R 10 ps,
B Ja AE NVT MOE U &R 25 (NVE) & 75 71 15 5t 752

106102-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 10 (2017) 106102

10 ps, 133855 KBS K. FE R n bR R,
XA Z R 1000 25 K — I ME ST T 5EAE 2R

1 NBS BSIRBR AU T BB 1 i T4
Table 1. Number of atoms in pristine and oxygen re-

moved glasses.

FEf Si B O Na Mt
S0 1129 361 3036 474 5000
S1 1129 361 2936 474 4900
S2 1129 361 2836 474 4800
S3 1129 361 2736 474 4700
S4 1129 361 2636 474 4600
S5 1129 361 2536 474 4500
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Fig. 1.

Si—O—Si angle in various glasses.
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Fig. 2. (color online) Evolution of rings in glasses (a)

and small size rings variation (b).
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Fig. 3. (color online) Typical small rings with angle about
90°: (a) BOBO; (b) BOSiO; (c) SiOSiO.
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Fig. 4. Distribution of [BO4] and [BO3] in glasses.

3.4 NatZ9S#H

Na BRI TSR XY A, XY
ST 2> 110 x 10 BRI, I A Z Jil 05 1] L 5%
PRI BEE P Na JTRAMGWIE 5 R, iz

Y/angs
Y/angs

5 10 15 20 25 30 35

X /angs X /angs

Y/angs
Y/angs

5 10 15 20 25 30 35 5 10 15 20 25 30 35
X /angs X/angs

70.00
60.00
50.00
40.00
30.00
20.00
10.00

15 20 25 30 35
X /angs

70.00
60.00
50.00
40.00
30.00
20.00
10.00

10 15 20 25 30 35
X /angs

K5 (MTIRM) BT Na TRE XY FH A0S 5

Fig. 5. (color online) Distribution of Na in glasses viewed from XY '-plane.
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Abstract

Sodium borosilicate (NBS) glass is one of the candidate materials for high-level waste glass immobilization. A
large number of experiments are performed to study the effect of irradiation by electrons or heavy ions on this type of
glass. However, only a few researches of numerically investigating the effect of irradiated NBS glass have been reported.
Furthermore those studies mainly focus on heavy-ion irradiation, and none of them is devoted to simulating the effects
of electron irradiation on glass that has been irradiated by electrons, especially for structure evolution. In this paper,
we propose a novel method of using molecular dynamics (MD) to simulate structure evolution of electron-irradiated
NBS glass with compositions of 67.73% SiO2, 18.04% B203 and 14.23% NaxO, in mol.%. This method is based on the
previous experimental results of Raman spectra and mechanism of structure transformation in irradiated glass. The

! in irradiated

Raman spectra confirm that the peak indicating the existence of molecular oxygen appears at 1550 cm™
glass. It is assumed that those oxygen atoms do not have any interactions with other adjacent atoms nor participate
in the glass network recombination. This assumption is reasonable, for molecular oxygen mainly exists as dissolved
oxygen instead of oxygen bubble and is located at interstice of glass network. Thus the presence of molecular oxygen
does not have any effect on glass network structure. Then irradiated glass can be obtained by gradually randomly
removing a certain number of oxygen atoms from the pristine glass. The glass with removed oxygen atoms is regarded
as an irradiated glass which is considered as one irradiated by electrons in experiments. The results derived from MD
simulation include average Si—O-—Si bond angle, ring size distribution, sodium profile, evolution of [BO4] units, and
[BO3] units. With the increase of removed oxygen atoms, the average bond angle of Si—O—Si decreases and the
number of small rings gradually increases in irradiated glass. Besides, sodium phase separation is observed obviously
after extensively removing oxygen. Moreover, in the process of removing oxygen, some [BO4] units transform into [BOs]
units, and the transformation process reaches a saturation state finally. Those effects derived from MD such as decrease
of Si—O—=Si bond angle, increase of small rings in number, phase separation of sodium and structure change between
[BO4] units and [BOg3] units, are consistent with those of glass irradiated by electrons in previous experiments. Therefore,
the method proposed in this paper will provide a new perspective to understand the mechanism of structure evolution

in sodium borosilicate glass after being irradiated by electrons.

Keywords: borosilicate glass, molecular dynamics, electron irradiation, structure evolution
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