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Phase Structure and Properties of Easy-Peel Film
I. Peel Strength and Peeling Mechanism

Yasushi HATANO, Kazuo TAIRA

The phase structure and a peeling mechanism of easy-peel film composed of
immiscible blend of ethylene-propylene copolymer and LLDPE (Linear low density
polyethylene) were examined. The TEM observation of the film stained with RuO,
revealed that the thin board-like LLDPE phases dispersed parallel to the surface
and oriented along the machine direction of film. After thermal treatment in molten
state at 210°C, the dispersed phases changed to spherical shapes and coagulated with
each other, and their numbers decreased. The peeling started from interface failure
between the dispersed phase and the continuous matrix phase, and finally led to
cohesive failure of the matrix. IR and Raman spectrum analysis showed that the
change of morphology corresponded to the change of surface and core compositions
of blended layer after the thermal treatment. The absorbance ratio measured by IR,
which corresponded to the surface composition of blended layer, correlated well
with peel strength. This indicates that the peel strength mostly depends on the
phase structure of blended layer.

Keywords : Phase structure, Easy-peel film, Immiscible blend, Ethylene-propylene co-
polymer, LLDPE, RuO,, TEM, IR, Raman
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Fig. 1 Heat-sealing temperature dependence of
T-peel strength for easy-peel film before
and after heat treatment at 210°C
Adherend : ethylene-propylene block copoly-
mer (Block PP)

Heat-sealing time : 2 sec.

Heat-sealing pressure : (O.@) low
(A.A) high

Peel direction : (O.A) MD: (@.4) TD

3. 2 INFBRHOBBEEL

MAGRABIC L) R IIEL-
72o CORKE%ZMBBT S0, LY FEO
A& % TEM CHE L,

K21z RABERDBRERR%ERT, LLDPE
187 + V& DEHSFAR (ND ; Normal direc-
tion) X LIRSET. MDicfiEV oy K& L
THBHEEERLTWE, ok, Fi
T4 VAT ¥4 hoff LI H
BB F vo—vThHlsh 3 E Ticlsss
bhi:tiiEESh3, Thbb, F¥1Y 7
oL h-AREEIR. BARIICS 3
BRI ARECHERA LT

b) End view

Fig. 2 Transmission electron micrographs of thin
sections of virgin untreated specimen of
easy-peel film stained with RuO,

(B) Blended layer (ethylene-propylene ran-
dom copolymer(Random PP) /LLDPE):
(H) Polypropylene homopolymer {Homo PP)
layer
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Fig. 4 Transmission electron micrographs of thin sections of the same specimen as in Fig. 2 after
heat sealing. Heat-sealing condition : 200°C — 2 sec.
(B) Blended layer (Random PP,” LLDPE) : (H) Homo PP layer ; (A) Adherend (Block PP)
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b) End View

Fig. 5 Transmission electron micrographs of thin sections of the same specimen as in Fig. 3 after
heat sealing. Heat-sealing condition : 200 °C — 2 sec.
(B) Blended layer (Random PP/ LLDPE) : (H) Homo PP layer ; (A) Adherend (Block PP)
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Fig. 6 Transmission electron micrograph of peel failure propergation in virgin
untreated specimen of easy-peel film. Heat-sealing condition : 200 °C — 2sec.
(B) Blended layer (Random PP/LLDPE) ; (H) Homo PP layer ;: (A) Adherend
(Block PP). T-Peel strength: 21 N~ 15mm



A == =N T 4 WA DR S

FICHEEIBRATOBHEFRAONEN R
BAHHLTVWELIICHONZET LD S,

COEN S, BEERIC< MY v 7 2iEHE
BHBITLTOBEHNEIMIET-ED LI,
LA L. S4BT TR~RZEBHEN ST, il
BERoBaREHHORI&RDIEVwE LTH
Mraxhd, Z2CC. CCTRETHBENLL
bOLLTHERED B, RohRffigizid,
LL DPEHM v v FIERER & 2 BERFRIFL:
FFHGHEOSHEMOATOIRFHASL
Nd, COI LN, FHEOTICH VT
HGEE ABEORAHFREL. Thi -
T & L TRARRIICHEGH AR L TV
{BEHITRBING, K. CORHOHE
ZIEDEBERTO THEMHBERES IR 2IN
15mmig% R L 72,

R7 BRI >WTOHEERETT,
TV FiBddigtic k 0 EMEREEL 7+ 7Y
MELTW3, Homo PPGICidBBRMERIC
o =40 L—XHHBEXhE, .

55 0 R

EEh e
a) Immediately before pesling

#%&H{AZTHB Block PPicb, w1707
L— XS HAFRIZR C & DT SHEK
L. 1 FbEBINh3, v1 /071 —-X
ORIZ, RUABRI M EHEHLN
3, CORBOHIE LD IEETO TIEH
B8 X132 33N,/ 15mm BT » 72,
ChFETHRY=—T Ly FEHALA -
V—E—=N7 4 VADHBERBICO VLTI,
FHICH 558BFNEe— b y—WEEET
AREBRLLTA V- oh s e
WHBEEREAPMBICLZELH, H50iIEb

4o 2

SR 4 A
oly after peeling

b) Immediat

Fig. 7 Transmission electron micrographs of peel failure propergation in heat-treated specimen

of easy-peel film

Heat-sealing condition : 200°C — 2 sec.

(B) Blended layer (Random PP,/LLDPE) ; (H) Homo PP layer ; (A) Adherend (Block PP)

T-Peel strength : 33 N,/ 15mm
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Fig. 8 Schematic diagram illustrating phase structure change with heat treatment
Dispersed phases are assumed to be ellipsoid expressed by X2/a®+ Y2/b?+22/c?< 1
and form face-centered orthorhombic lattice
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Fig. 9 Scanning electron micrographs of peeled surface of untreated and heat-treated specimens
(at 210°C) of easy-peel film. Adherend : Block PP. Heat-sealing condition : 200°C — 2 sec.
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Fig. 10

Heat- sealing temperature dependence of T-peel strength for untreated and heat- treated

specimens (at 210°C) of easy-peel film and Block PP. Adherend : (O) Random PP ;
(O) Block PP ; (@) Homo PP. Heat-sealing time : 2 sec.
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Fig. 11 Heat-treating time dependence of optical absorbance ratios which indicate
PE/PP composition and crystallinity of matrix resin of easy-pee! film
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Fig. 12 Heat-treating time dependence of T-
peel strength for easy-peel film heat-
treted at 210°C (@) and 180°C (O)
and untreated one (O)

Adherend : Block PP. Heat-sealing con-

dition : 210°C— 0.8 sec.
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