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Surface Treatment of Polymer Thin films by Ion-implantation Method

Hirokazu YAMANE, Yuri HASHIMOTO", Kenji YAMADA, and Tisato KAJIYAMA?

Abstract

Poly(ethylene terephthalate)(PET) films are one of the most commercially important polyesters, which are characterized by high
melting temperature, excellent gas barrier characteristics, and mechanical properties. Then, in many industrial applications PET
films are used for the desired product, such as beverage containers. In this study, the surface treatment of both PET films and dual
element (Si0,/A1,03) coated PET films by using N-ions implantation method was investigated in order to improve the gas barrier
characteristics of the films. It was confirmed that the surface reformings of the films such as changes in a chemical composition
and changes in the surface form structure because of the use of the N ion implantation processing. Also, the effect depended on the
film thickness and the processing temperature of the film. The N-ions implantation is an effective processing method to

improvement of the gas barrier of the polymer films.
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Fig. 1 Schematic illustration of the
ion-implantation for polymer films.
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Table 1 Gas barrier characteristics of the polymer films
prepared by N ion-implantation

BxEa=  LiLE AKESREBE L=

Sample OTRHE  somr WVIRAE swvir

PET 12um Original ’ 995 - 425 -

PET 12m N” at 298K for 60min 1142 14.7 443 23
PET 12pmN" at 323K for 60min 1126 13.1 439 14
PET 12um N at 373K for 60min 107.7 8.2 46.0 35
PET 100pm Original 115 - 5.8 -

PET 100um N at 298K for 60min 123 0.8 52 06
PET 100um N at 323K for 60min 12.1 0.6 55 02
PET 100um N at 373K for 60min 123 0.8 5.3 0.5
(Si0,/A1;03) PET Original 18 - 1.5 -

(Si0,/A1,0;) PET N at 298K for 60min 19 0.1 32 17
(Si04/Al05) PET N* at 323K for 60min 17 0.1 13 02
(Si0/Al0;) PET N a1 373K for 60min 1.6 02 22 07
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Table 2 Water contact angle of polymer films prepared
by N ion-implantation

Sample 6/degree A8/ degree
PET 12pm Origmal 66.8 =
PET 12pmN" at 298K for 60min 72.8 6.0
PET 12pumN" at 323K for 60min 72.9 6.1
PET 12umN" at 373K for 60min 69.4 2.6
PET 100pum Original 66.8 —
PET 100pm N* at 298K for 60min 70.4 3.6
PET 100umN* at 323K for 60min 66.8 0.0
PET 100pm N* at 373K for 60min 68.0 12
(Si04/A10;) PET Original 69.3 —
(Si0,/A10,)PET N* at 298K for 60min 1180 488

(810,/A10,) PET N* at 323K for 60min 117.5 483
(Si0,/ALO,) PET N* at 373K for 60min 105.7 36.5
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Fig. 2 (@) G, (b) Ny, and (c) 0y, XPS spectra of the PET film prepared by N ion—implantation treatment.

(film thickness 100« m)
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Fig.3 (a) Gy (b) Ny, and (c) 0y, XPS spectra of dual element $i0,/Al,0; coated PET films prepared by N ions implantation.

(film thickness 100 um)
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Fig. 4 AFM images of PET films. (film thickness 100m)
(a)Original, (b)N ion implantation at 298K for 60min,
(c) at 373K for 60minand (d) only annealing at 373K

for 60min.

Table 3  The roughness parameters for the surface morphology
of PET fi Ims prepared by N ion-imp lantation (fi Im thickness
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Fig.5 AFM images of dual element $i0,/Al,0; coated
PET films(film thickness 12um) (a) Original,
(b) Nion implantation at 298K for 60min an (c)
at 373K for 60min.

Table 4 The roughness parameters for the surface
morphology of Si0,/Al,0; coated PET films prepared

100 ¢ m) by N ion-implantation (film thickness 12 ¢m)
Sample Surface Mean Height (Ra) /om __Maximum Peak-to-valley Height(P-V) /nm Sammple Swrface Mean Height (Ra) / nm __Maximum Peal:-to-yalley Height/ nm
PET (film thickness 100pm) 2.447E-02 S.859E-01 (8104/AL,05) Original 0.1779 8.494
N ion implantation at298K for 60mi 6.482E-02 1.038E+00
Nion 'lnph:tal(:: 298K for S0min 8365E-02 LI4TE+00 N ions mphntation at 295K 6.1785 2.331
only annesling at 373K for 60min 486E02 1241F400 N jons implantation at 373K 9.1345 1874
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