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2 o ZHE AFAANA F47]8 =Y o 8T Hos HAAE AR gk
Zeldgd 480 ¢5FuE B AP FPNE # JeXE e, EeldEd S A
2 otzg4st Eejzulg Aelsl] 478 =ddNed, 4FvE B2 #c B2 AEAu
diaminocyclohexane &et=vlz A3l F4718 =3ttt Felddd g FHUE
AN ALz 4FE 52 FAAEGE A F Uen, dFulE wo BEAX AFANE B
de YA Zeldgd Hgo| Fold A 5L FAYE 98 & JUrt 53, olz¥H
Egjzvlg A% Zalddd BET} diaminocyclohexane Felzula Had ¢Fv)E 48 3
HAE Beolls d9E BA9 JI=2 B9 B FHe] ofyly] 7} vh8-3le] olmjol= 1EE A3
= 38E Ag d§ bR BAFEUY.

ABSTRACT : Direct thermal lamination of polyethylene film on aluminum plate without using
adhesive was tried by modifying their surfaces to have polar groups. Polyethylene film was
modified by treating with oxygen or acrylic acid plasma. Aluminum plate was modified by
treating with boiling water or diaminocyclohexane plasma. Fairly high adhesion strength was
obtained even in the case when only the polyethylene film was modified, and adhesion
strength was so high that film was broken during the adhesion test if both the film and the
aluminum plate were modified. Even chemical bonding seemed to be possible when the film
treated with acrylic acid was laminated on the plate treated with diaminocyclohexane plasma
by forming amide linkage through the reaction between COOH groups on the film surface
and NH, groups on the plate surface.
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Figure 1. Schematic diagram of a plasma reactor for
surface modification. A: vacuum pump, B: sample, C:
sample holder, D: reaction chamber, E: electrodes, F,
RF power supply, G: pressure gauge, H: liquid mono-
mer reservoir, [: gas reservoir.
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2] 74 di=gk 100 A/min =]t} Figure 2

Table 1. Conditions for Various Plasma Treatments
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Figure 2, FTIR-ATR spectra of untreated(—) and
treated polyethylene film with acrylic acid plasma (---).

= oladll Eetzniz AMalsly] A3 o] Eae
dd FE #Wo) giF FTIR-ATR A¥EHqly,
2] ¥ 3400-2400, 1709 ecm™ 3 1300-1000 cm™!
-‘1"—\:__"41*‘1 C(O)OHe] &4 "=zt 234 velnuxn
AEE B & Ak <)o) e, FYddd g
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Al 7~14° 2 3A LolH )
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(Figure 3 =)t 34 OHrzI7l AAsiglen,
DACH Z&tzulz He¥ ZAfde ¢Fvig 59
9 NHy71&8 /3t de #7149t 34%5191‘4
et Hpdw olayll Felxnl Nalo A
el 2 A o] Fohgtel wel Frlsigon,

acrylic acid plasma DACH plasma
parameters O, plasma pretre:';atment acrylic acid ;j;etreatment DACH
2 r H,
flow rate (SCCM) 354 13.05 4.56 354 1062 0.89
discharge power (W) 10~100 40 30~70 40 10~60
treatment time (min) 5 5 5~30 5 5~80
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Figure 3. Scanning electron micrographs of (a) un-
treated and (b) treated aluminum plates with boiling
water.
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Figure 4, FTIR-RF spectra of untreated(—) and
treated aluminum plates with boiling water (---) and
diaminocyclohexane plasma (---).
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Figure 5. Adhesion strengths of thermally laminated

polyethylene film treated with oxygen (®) and acrylic

acid plasma (o) on aluminum plate as a function of

discharge power.
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Figure 6. Adhesion strengths of thermally laminated
polyethylene film treated with oxygen (®) and acrylic
acid plasma (©) on aluminum plate treated with boil-

ing water as a function of discharge power.
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Figure 7. FTIR-RF spectra of aluminum plate be-
fore (—) and after (---) adhesion test.
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Figure 8. Adhesion strengths of thermally laminated

polyethylene film treated with acrylic acid plasma on

aluminum plate treated with DACH plasma as a func-

tion of DACH plasma discharge power.
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Figure 9. Adhesion strengths of thermally laminated
polyethylene film treated with acrylic acid plasma on
aluminum plate treated with DACH plasma as a func-
tion of DACH plasma treatment time.
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Figure 10. FTIR-RF spectra of aluminum plate treat-
ed with DACH plasma before (—) and after ()
adhesion test.
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Figure 11. Adhesion strengths of thermally laminat-
ed polyethylene film treated with acrylic acid plasma
on aluminum plate treated with boiling water as a
function of treatment time.
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