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1. INTRODUCTION

1PE

PE

Al

PE

Paper-board

PE

Laminates composed by a combination of low density polyethylene, LDPE (20%) and

aluminum, Al (5%) in food packaging (Tetra Pak liquid containers, e.g.) provides

stability and strength to the inner packaging structure, ensures protection against

outside moisture, and maintains the nutritional values and flavors of food without

needed for additives . However the poor surface properties of PE leads to lack

integration or incomplete adhesion of PE to Al due to inert hydrophobic surface of PE

(poor wettability and adhesion). Thus the cold plasma is used for surface treatment of

polymer by interactions of electrically charged particles, such as electrons, ions,

metastables, radicals with the surface atoms by several surface activation ways such as

functionalization, deposition, etching or cross-linking.

2. RESEARCH OBJECTIVES

Improve the surface characteristics of LDPE surface by corona plasma assisted

surface grafting with different molecular weights of polyethylene glycol (PEG) in

order to increase the adhesion strength of LDPE/Al joints.

3. MATERIALS AND METHODS

Untreated LDPE Corona-treated LDPE

1.5 wt.% , and 10.0 wt.% PEG (6,000M)-g-LDPE1.5 wt.% , and 10.0 wt.% PEG (1,000M)-g-LDPE

Grafting agent

(1) : PEG (M=1000 g/mol) and 

(2) :  PEG (M=6000 g/mol)

1.5 wt.% , 10.0 wt.% in aq. solution
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Figure 5 Effect of corona treatment on the peel resistance and work of 

adhesion of PEG-g-LDPE/Al adhesive joints
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Figure 3 FTIR spectra and XPS elemental compositions analysis of : 

(a) Untreated LDPE ,  (b) Corona-treated LDPE (t=5s)

(c) 1.5 wt.%PEG (1000M)-g-LDPE, (d) 10.0 wt.%PEG (1000M)-g-LDPE

(e) 1.5 wt.%PEG (6000M)-g-LDPE, (f) 10.0 wt.%PEG (6000M)-g-LDPE 

1.
5 

w
t.%

 P
EG

 (1
00

0M
)-g

-L
D
PE

10
.0

 w
t.%

 P
EG

 (1
00

0M
)-g

-L
D
PE

1.
5 

w
t.%

 P
EG

 (6
00

0M
)-g

-L
D
PE

10
.0

 w
t.%

 P
EG

 (6
00

0M
)-g

-L
D
PE

0

10

20

30

40

50

60

70

C
o

n
ta

c
t 

a
n

g
le

 (
)

 Water   Formamide   Ethylene glycol

      Untreated          Corona-treated

U
ntr

ea
te

d L
D
P
E

C
oro

na-
 tr

ea
te

d L
D
P
E

 1
.5

 w
t.%

 P
E
G
 (1

00
0M

)-g
-L

D
P
E

10
.0

 w
t.%

 P
E
G
 (1

00
0M

)-g
-L

D
P
E

1.
5 

w
t.%

 P
E
G
 (6

00
0M

)-g
-L

D
P
E

10
.0

 w
t.%

 P
E
G
 (6

00
0M

)-g
-L

D
P
E

0

5

10

15

20

25

30

35

40

45

50

ɣ
s
,ɣ

s
d
,ɣ

s
p

 (
m

N
/m

)

total surface energy  (ɣs)  dispersive ( non-polar ) component  (ɣs
d)  polar component (ɣs

p)

Figure 4 Surface wettability analysis of untreated, corona treated and PEG-g-

LDPE films

Corona-treated LDPEUntreated LDPE

Ra = 3.8 nm

1.5 wt.% PEG (6000M)-g-LDPE 1.5 wt.% PEG (1000M)-g-LDPE 

Figure 2 AFM morphological images and line scans of LDPE films

Ra = 4.2 nm

The proposed grafting mechanism of PEG onto corona-treated LDPE surface

increased surface 

roughness

Samples 
Element (at. %) 

C 1s O 1s N 1s 

(a) Untreated-LDPE 91.2 8.62 0.18 

(b) Corona-treated LDPE  88.5 11.3 0.2 

(c) 1.5 wt.% PEG (1000M)-g-LDPE 95.18 4.64 0.17 

(d) 10.0 wt.% PEG (1000M)-g-LDPE 93.61 6.08 0.31 

(e) 1.5 wt.% PEG (6000M)-g-LDPE 95.25 4.51 0.00 

(f) 10.0 wt.% PEG (6000M)-g-LDPE 92.33 7.52 0.04 
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Moderate experimental conditions 

• Room temperature, and 

atmospheric pressure 

• nominal power supply (300 W)

• Frequency (typically 17.20 kHz) 

of the high voltage

• Uniform treatment time ( 5s)

Corona plasma system 

(Softal, Germany)

PEG 
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PEG 

6000M

Mounting Hot Press 

Machine (Carver 3895, USA)
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