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Study on pores control of vacuum plate glazing by laser sealing

MIAO Hong, HE Qiang, ZHANG Shanwen, ZHANG Yanjun, LIU Sixing
(College of Mechanical Engineering, Yangzhou University, Yangzhou 225000, China)

Abstract: In order to research the pores formation mechanism of sealing layer in laser welding of vacuum plate glazing, a
laser sealing test was carried out. Scanning electron microscope, energy dispersive spectroscopy, X-ray diffractometer and
metallographic microscope were used in this study. The influences of laser power and welding speed on pores of sealing layer were
studied and the causes of pores were analyzed. The results show that, there are a large number of isolated pores in vacuum
glazing sealing layer, which are different in size and disconnected with each other, located at the junction of particles, and mainly
caused by the residual air between the solder particles. At the welding speed of 2mm/s and the defocus amount of —2mm, lower
or higher laser power is not conducive to reduce the pore defects of sealing layer. When the laser power is 80W ( energy density
is 80J/mm’) , the sealing layer has good morphology and good sealing quality. The lower welding speed will help to reduce the
pore defects of sealing layer at the laser power of 80W and the defocus amount of —2mm. When the welding speed is 1mm/s
(energy density is 160J/mm’ ), the sealing layer has good morphology and good sealing quality. This study can provide a
theoretical basis for the laser sealing manufacturing of vacuum plate glazing.
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Table 1 ~ Chemical composition ( mass fraction) of the common soda-lime

glass

Si0, Ca0 MgO Na, O Al, 04

0.67~0.74 0.05~0.11 0~0.04 0.10~0.17 0~0.03

SR BT AR PO-TiO,-Si0,-R, 0, Z& &
BeSRE, JRRH 2R R 2 Ho A L2 R
99% & i F1°F- 2447 B A€ 30um 1) PbO \ TiO, % 70:15
Y5 AR L AR 4, RS 1 PhO/TiO, 1RG5 8 K
Fr AT 5 BCH 0. 10 RYAK Si0, , Ji it 7345/
F0.025 ) CuO FIFTEMEUN T 0. 025 ) Fe, O, L5
IR (BEEEA/NT 99. 8% PR A KT 50nm) K¢
TR GBI AR, A — 2 B Fa T AR 431
A, SR AR S TR A b3, ARS8 08 BRI i L
10:1, %38 2501/ min, BRI 4h, SR J5 R A T A
HAT T AR AP, 45 3 S50 e AR L . HOREBEAE Tpum ~
25 pm N, FRAPRLEE Sy 12 15um, ] 1a fT7R 2y 5
5 BT FH B AR, T 1h Dy SR RHA 1 L B ( scanning
electron microscope , SEM) [&],

Table 2 Chemical composition (mass fraction) of the sealing solder

PLO TiO, Sio, Cu0 Fe, 04

0.75 0.15 0.10 <0.025 <0.025

Smm je* SRR OB e e

Fig. 1 Experimental materials

a—glass and sealing solder b—SEM photo of the sealing solder
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Table 3 Laser process parameters

laswe power welding speed defocused amount  energy density

P/W o/(mm - s™") h/mm E/(J+mm™?)
60 2 -2 60
70 2 -2 70
80 2 -2 80
90 2 -2 90
80 1 -2 160
80 3 -2 53
80 4 -2 40

SRS TR R B v R 0 AT T 7 W )
SEUR T AT, 24T H OS5 SR T Zeiss_SupraS5 #137
R A B K A RETE Y (energy duspersive spec-
troscopy , EDS) #EAT 4% J2 (1 fOWLE 55t 43 v F0 RE 135
i, K A D8-Advance £ i X HHRATHHY ( X-ray diffrac-
tometer, XRD) R & 45 JZ A7 W AH 7041 , >R ] BX41M-
LED % 4 #f 2 5B T WAL A A R k. R
Image J BEXT 440 B8 H- AL BRSO 3 PR LR VRAL
BHRHERRS d(WE2) , KR fLE p, AL
AR A, SAR4E BRI A, B AT, Bl p, =A, /A, X
100% o [&12 v, d, Hl dy Jhyaed AL IR O A 1 3 B A
FHAZ

> <: d,=75.09um

d=(d,+d,)/2=76.73um
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100um

Fig.2 Calculation of the diameter of porosity
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Fig.3 SEM morphology of sealing layer in P = 80W,v =2mm/s, h =

—2mm
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Fig.4 EDS spectrogram at point M, in Fig. 3
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Fig.5 XRD analysis of vacuum glazing sealing layer
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Fig. 6 Pores distribution of sealing layer in laser power of 60W,70W ,80W
and 90W
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Fig.7 Variation of porosity under different laser powers
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Fig. 8 Micromorphology of the melting zone at different laser powers
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Fig.9 Pores distribution of sealing layer in welding speed of Imm/s,2mm/s,
3mm/s and 4mm/s
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Fig. 10 Variation of porosity under different welding speeds
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Fig. 11 Micromorphology of the melting zone at different welding speeds
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