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Simulation and Experimental Validation of Model of Mass Loss of Polymer
Material Induced by Vacuum Ultraviolet Radiation
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Abstract ; Based on diffusion theory and radiation chemical reaction theory, simulation of mass loss of polymer material
induced by vacuum ultraviolet (VUV) radiation is established. The mathematical formula hetween mass of the volatile in
the material and radiation time is obtained by using the separated variable approach and the eigenfunction expansion
method. Mass losses of the polyimide (PI) film and polyethylene terephthalate ( PET) film are obtained through
experiments and model’ s parameters are solved by using curve fitting, thus validating the applicability of the model.
Results show that the model of mass loss is applicable to Pl or PET films and can be used for predicting mass losses of
polymer materials induced by VUV radiation.
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Fig. 1 Simulation of outgassing of film materials

induced by VUV radiation
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Table 1  Outgassing data caused by VUV radiation

EIEFIE/ESH  PITML/(g+cem™2)  PET TML/(g - cm~?)

500 4.24 x10°° 8.74 x 1077
1000 7.81 x10°° 1.03 x107°
2200 1.66 x10 > 1.19x10°°
3000 1.92x1073 1.26 x107°
4400 2.23x107° 1.28 x10°°
5000 2.31 x107° 1.29 x107°
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Fig.2 Mass loss of PI/PET induced by VUV radiation
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Table 2 Fitting coefficients in the mass loss equations of
PI/PET
" Co/ . 1 D/ b/(g'(:m_z'
gl (g+cm~3) #(h™0) (em? - h~1) h-1)

PIHIAME 1.63x10°2 2.22x107° 1.72x10710 1.00x10-15 0.987

R2

W

PET A 1.26 x1073 7.03x10 -1 3.25x10-10 7.90 x10~'2 0.984
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loss fitting line and experiment
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Table 3 Comparison between mass loss simulations

and experiments of PI/PET

8 I i/ ESH 10000 20000

Pl RS20/ (g - em™2)  2.55x107° 2,67 x107°

PLJGRHURITEE/ (g - em™2)  2.61x107° 2,64 x10 73
PLiR2%/% 2.35 -1.12

PET Fitg s LB/ (g + em™2) 1.33 x10°¢ 1.36 x10°°

PET fFim i R 5/ (g - em ™) 1.30x107°  1.38x10°°
PET %24/ % -2.26 1.47
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