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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,
R.F power supply, G: pressure gauge, H: liquid mono-
mer reservoir, I: gas reservoir.
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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 (---).
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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 (©) 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.

g, ofd] 3 YAe Mz gE oz FHH
A Zakzvle] o= BAAH] oW 4tst
uhgo] Zxxle] WE FHAY IA4o] Frigd wet
Ao 218t UF & BddEdME 2&
EWZe] BxtEo] B ofst EHEFE ATl
ulz} yao] F453] A4g Aoz B A
ot o}z A EefzuldNE FEe W a2
wluto] Hagog WAddoe] grigs YE ¥U9F
o] EES B4 gong ojzdd Eetzal
o) Aol AEE gty ety pxAM 4U9E
ghojo} 3 AHolrh.

otz At Zetzvld| o)l HFH & ek U
Heo] gopdE fe C(O)OHY T3 22 =
Q719 Frrt ol Aoz A Aok wat

A, m& RPN AAHo] gaF olfE Uut
o FHo) AT YEOR B, HXT, uwe
Fyme n@cd Padge] BerE v WA
dg mojo} fuz e WHAHeIH HPAAES
A4 JAAL we AR SAH BHe B
Tesol @ Ao WAt PANHe] FEHA R
¥ Aol AEAG] DAFYAS] BHHE A
oz A AuHM o) B4 Yure) AAH BAo|
AR me AP AT el WA
whet AR} Szl Al6) Poi F 9l7] ol
. Z, Agolt wuid sAY B4 P we
FAA w3t 4719 BE sl e 24
598

% T

-t

3000 2500 2000 1500 1000
Wavenumber (cm™")
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.

2, ole) B9t mp iz B MY e §2
AA Heksd, vl RlE 225914 520N/m= =
A B=Ie
spAste z, whahe H3AA AAPL PR

A g Ao wetel FA o= A% o Hol
of = A& ¢ 4 AT Figure 11& o}2 g4
Zepzole Held FeldLd VS BE B2 A
eg LRoE Aol §HAY W olaYA Eerzn)
o HeAZe) e A3 WsE RoFT e
A2 A7to] 5~10% FEQ o, whepy et
7} 500~1000 A @ H2He] 713 we A
S itk 2 olgs) FANME HAEe] 23
A8 g, ol dugoz ke Eoo] vy
lod ZF7bsleE Aoz gejAl whek zjH)e] internal
stress’” 2 FAZL Z71eel wE we xja o] )
HELZE FHH

1o
4 7

4 B

i
OPN

#ote & o) g3t 22 2

o

A9 A
d& F Urh
BAAAE e o)l FAIIE =Y
oAz} Zo] HiAde] A fle nEA UE
HAAE AH3tA s 483 Wygor ¢
“hr el FatA A 5 A

2. oj2lE HHo AN 4‘}5:, olz¥d ¢

thu
rﬂ |

o
_oa_
L.

2|

l° N}ﬂ

600

diaminocyclohexane Z-@}=u} g7} A¥sin, &
Folg B2 e B2 M PEE o8
At

3. EFetzut AHeld ofd Y Y4 A= F
2ot FRxA we} 3A deixles 43 FFR
g gyshe Aol Fasid

4. otz EAl Eefzule} o] nEa} Wt H3
AFlE Afdle 71AE Aol s ARA =}
DAF A A e FHS S P4 F 3
o852 ¢ FAEE 47] 9 A o8&
B2 AH3Y AAse= Aol Fasdm, 500~
1000 A A=e] FAE REE dlofo} gt}

5. AN LA S F 7N AAE 2% ER
w2 A Aol AP 93 = s
slct.

#@AlY 28 ?E 1997 Add d+2847
Auv]9} 1999 BF- A Haxsa 7enss) Al
HY Y& ‘?_}0} Ao, oo A=)

2 1 2

1. S. Wy, “Polymer Interface and Adhesion”, chap. 9, M.
Dekker, New York, 1982.

2. L. E. Perrins and K. Pettett, Plastics and Polymers, 39,
391 (1971).

3. S. Nowak, H.-P. Haerri, L. Schlapbach, and J. Vogt,
Surface and Interface Analysis, 16, 418 (1990).

4. E. Papirer, D. Wu, G. Nansg, and J. Schultz, in “Chemi-
cally Modified Surfaces”, H. A. Mottola and J. R. Stein-
metz Eds., Elsevier, Amsterdam, 1992,

5. M. Strobel, C. Dunatov, J. M. Strobel, C. S. Lyons, S. J.
Perron, and M. C. Morgen, J. Adhes. Sci. Technol., 3,
321 (1989).

6. L. ]. Gerenser, /. Adhes. Sci. Technol., 1, 303 (1987).

7. L. Sydney and S. R. Ebner, US 4543268 (1985).

8. P. Bodo and ].-E. Sundgren, /. Appl. Phys., 60, 1161
(1986).

9. T. Zeiler, P. Pfeffer, M. Kurner, and H. Munstedt,
Macromol. Symp., 126, 267 (1997).

10. C. Decker and K. Zahouily, Macromol. Symp., 129, 99
(1998).
11. E. P. Plueddmann, “Silane Coupling Agent,”, M

Polymer(Korea) Vol 25, No. 4, July 2001



EANEE o] &8 Ejdd A& 4FvEde €%

Dekker, New York, 1982. 14. D. L. Cho, P. M. Claesson, C.-G. Golander, and K. Jo-
12. W. Gutowski, “Fundamentals of Adhesion”, Plenum hansson, /. Appl. Polym. Sci., 41, 1373 (1990).

Pub. Co., New York, 1991, 15. H. Yasuda, “Plasma Polymerization”, Academic Press,
13. D. H. Kaelble and K. C. Uy, J. Adhesion, 2, 50 (1970). New York, 1985.

#&Fa2iol A253d A45 20019 79 601



