Boat 1 B o X @ K F F R Vol.54 No. 1
20204F 1 H JOURNAL OF XI” AN JIAOTONG UNIVERSITY Jan. 2020

DOI: 10.7652/xjtuxb202001001

SEEHEBERSENBERU

RZE. ReMsE . JEDF. WIS, bR, BEPE
(1. B9 B 5 BT SO TR AR A S S g 3, 650223, B 2. W essl R¥ i 7Yy
A PFAE S SR, 710049, TE%E; 3. PHAL DR R BE . 710072, PEE)

WE. ARANEBABEARTRGEAZ LT EHABEAMBULENEZ . RAEENEZHFT
AT AN FENEBPALRER T RIS EF BT T RAAEDFR K TR TR
RAaAFHh A T HHRBEMFRA AL LA KEAS THEMRZE ARLAA
F R AN TEMBRBTAT R . FERE T REFHHE, THEEREAN . SHBHAFR K
KOAKRS TEMEABERZ:HB TR ETHOHEEKIBTALET N AmGERT MG P
ARG TFHEMABGARREEIT S AIRERIG ik SRS T EKIB T OT R EE R,
Ey#aEBXIFsRA P AR FTEE—GCEIMELRD BREE—RIK, X FRAMD
FRBEBEMBAEE B ARBHARLABRE DG EA RS TRE L LAY 3@ 8, BTk Hy
O, ARZWT AR, MEERTARZAEZE T EMHG AT RBAMNHFIKR B ko #
Fhk ik A 25 MR AR AR — 5 0 2L BRI

KR . FBEMARSE ERY R EEM

mESEE. TB7l XBiEEG:. A XEHS: 0253-987X(2020)01-0001-07

Numerical Simulation of Gas Permeation in Glass

CHENG Hongchang', CHENG Yaojin', PANG Yan®, HU Wenbo®,
BU Ren’an?*, FAN Huiqing®
(1. Science and Technology on Low-Light-Level Night Vision Laboratory, Kunming Institute of Physics, Kunming 650223, China;
2. Key Laboratory for Physical Electronics and Devices of the Ministry of Education, Xi”an Jiaotong University, Xi’an 710049,

China; 3. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: To understand the penetration mechanism of ambient gases in glass shell materials of
ultra-high vacuum electronic devices in depth, numerical simulation of gas permeation including
dissolution and diffusion processes in glass was studied with the methods of giant canonical Monte
Carlo and molecular dynamics. The solubility coefficients of oxygen, helium, hydrogen and water
vapor molecules in two kinds of glass structure, together with the diffusion coefficients,
permeability coefficients and motion trajectories of oxygen and hydrogen molecules in soda-lime
glass, were calculated based on the COMPASS (Condensed-phase optimized molecular potentials
for atomistic simulation studies) force field. The calculation results show that a kind of gas
having a higher affinity with glass has a higher solubility coefficient. Metal ions distributed in
glass make the size of pores in glass smaller, which results in a lower gas solubility coefficient of

soda-lime glass. Both of rising environment temperature and gas pressure can push up the
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diffusion and permeability coefficients of gases. During the diffusion process, most of the time

gas molecules vibrate in certain positions and occasionally jump once, which makes gas molecules

gradually apart from their initial positions.

H, molecules have a higher diffusion coefficient

compared with larger O, molecules because glass can provide more effective diffusion channels for

gas molecules with smaller size. The research results can provide theoretical bases for exploring

the vacuum failure mechanism of ultra-high vacuum electronic devices and optimizing the material

and structure of glass shells used in devices.

Keywords: glass structure; gas permeation; dissolution and diffusion; numerical simulation
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