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Phase Structure and Properties of Easy-Peel Film I
(Appearance of Peeled Surface and Oil Resistance)

Yasushi HATANO®, Kazuo TAIRA®, Sadao HIBI'*

Appearance of peeled surface was evaluated for easy-peel films made from a polymer
blend of ethylene-propylene random copolymer (Random PP) and polyethylene with a range
of phase structures. Rod-like structure was observed for samples with superior appearance.
On the other hand, lamellar structure parallel with the film plane in submicron thickness
was observed, which formed several tens of layers, for samples with inferior appearance, i.e.
feathering. To know the relationship between the appearance of peeled surface and oil
resistance, oil resistance was evaluated for films of Random PP/low density polyethylene
blend with different phase structure, namely lamellar, rod-like or spherical dispersed phase.
Films with lamellar dispersed phase were found to swell greatly, especially to thickness
direction. This anisotropy of dimensional change was analyzed by a finite element method
and demonstrated the relationship with their phase structure.

Keywords | Phase structure, Easy-peel film, Polymer blend, Oil resistance, Swell, Finite ele-
ment method
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Table 1 Composition of model films

Code (Shape of dispersed phases)

LDPE Content, wt%

10 20 30
A ( Lamellar ) A() A(10) A(20) A(30)
B ( Rod-like ) B(25)
AH*  (Spherical ) AH(0) -— —  AH(30)

» AH denotes film A heat-treated at 230°C for 30min.
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Fig. 1 Schematic description of interlaminar pee! ;
a) pattern of peel strength, b) Proceedings
of peeling
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Retort treatment

Before

1D MD TD

Peel direction MD

Cohesive failure

Interlaminar failure |

Fig. 2 Appearance of pesled surface
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Fig. 3 TEM microphotographs of phase structure ; cohesive failure type pesled
surface is commonly observed ;a) edge view and b) end view
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Fig. 4 TEM microphotographs of phase struc-
ture ; interlaminar failure type peeled
surface is commonly observed ; a) edge
view and b) end view
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Table 2 Oil resistance of an easy-peel film after retort treatment at 120°C for 40min

Retorted in; Water Salad cil Tenpura cil Margarine Butter Lard
T-peel strength, N/1Smm 26 15 16 16 14 1.5
( Ratio ) {100% ) (58%) (63%) (61%) (54%) (59%)
MD -0.4 28 28 28 3.5 3.2
AL/ Lo*, %
TD -0.4 21 22 22 26 24
AW/ Wo*, % 0.0 12.0 12.0 12.2 14.3 14.4

= AL/ Lo, AW/ Wo; Dimentional and weight changes by swelling.
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Fig. 5 SEM microphotographs of peeled surface; samples after retort treatment
at 120°C for 30min ;a) retorted in steam, b) retorted in lard

R CTRLARAOFBEmCIIEmIc T
4T VHPBBEINA, B TUHEL
Fig. 5-a Tid 7 1 7Y WAL L -8 a4 %
v B GBABIERAE» b RIHE S N7k
HEAROND, TOZ LZRHRTREL,H
WA L SBAAM TORMABEL ZonTEL
THETLHERBEL /T 5, T2 747
VUHFEMICAEL, HECELEELS
NE—S/RSVZEHFFREIND A, FHEH
SIEAHROABHL0~20N/15mm &R L7z
DIZF L, ZHIE5N,/15mm L {EWEZRL
o —H. 7 FIKRELTAE L/ Fig. 5
-b CRHFHMEI B E R o TH ) WAL
EhIBHEPEREONRSE, CO% LV OHE
BMERAERTOLD LY 30 %KV 35N/
15mm % 7R L7z,

3.3 EFNT A NALICE BRRET

BB CaH 7z & 9 IZvBE I IR 2 T IBMb L
FIMER X 2T S 50%, FERIGICF MY 8
BEDLTANLIEEZOREIHRLEAN, F)
HABEITEICEL 2 2EmICH D, ZhHH
BECHRTAILDTHENE I D ERIET
Bz, RPE LAV —E—=1T7 1A
CRBOHBERZEDEFV 7 4V AICDW

Tl % s L7z,

3.3.1 EFNT7 1 L LADIEIEE

Fig. 6 IZ38# A (30), B (25) BXU'AH
(30) DAEfEELRT. HEA (30) DHE
LDPE#IZ 7 4 V ATHICFEFFICHER® L7
EX01~02,mNTATRELSTHEY,
FTIrurF—F - OBIREEE R LT
Wb, ZHIISEIZFig. 4 TR L7-JBES B
LA =TV —E—= VT 1 AhERBOEEE
L oTwh, #EB (25) TIZLDPEMIZ
BE&1~2um, By m2510um, BS
PR+ m DO TDICFEFETMD IR VT Y
FehoTwad, TNITHEIH" TRLAEA—
T =T 4N ARG O D
TV, T/, #AFA (30) 12230C—-304
DIMBE R A 3G L =308 AH (30) Tit
SEAIZEZE 10 ¢ m BEOIFIZERIRIEN
WATZAE" " LTwa,
3.3.2 3l5RY) HBR

Table 3 ICEREORLEFZ L, BR T D
A0EIF—FNIZ@ELTL MV MLUELZD
DOWHEREZ R, /2, Fig. 7IC8HA
(0). A (20) BLUB (25) oith—Ed#
%KY Table 3 & 9 (24 DB DR
FIIRWBORETIP RNV ELADT, Tt

— 121 —



=== Tt NADHEE YT

. i
g,
RO

Fig. 6 Microphotographs of phase structure of model films ; a) edge view and b) end view of lamellar
structure A (30) by TEM ;c) edge view and d) end view of rod-like structure B (25) by SEM ;
e) end view of spherical structure AH (30) by SEM

Table 3 Elastic moduli of model films before and after retort treatment at 120 °C for 40min

Elastic modulus, MPa ( Ratio )

Sample ccde
Before treatment Retorted in steam Retorted in lard
A(0) 570 (100%) 930 (164%) 310 (55%)
A(10) 670 (100% ) 880 (134%) 270 (40%)
A(20) 640 (100%) 780 (123%) 170 (26%)
A(30) 580 (100%) - (- 90 (16%)
B(25) 410 (100%) 660 (162%) 120 (30%)
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Fig. 7 Stress-strain curves of model films, A (0).
A (20) and B (25), before and after retort
treatment at 120 °C for 40min ; before treat-

ment (—,—), retorted in steam (-~-,---),
and retorted in lard (—- ,—— ). Thickness of
lines represents the peel direction ; MD
(—.~—-—)and TD (—,---,~)
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Fig. 8 Change of normalized elastic moduli (Et/
Eo) for model films by retort treatment
at 120°C for 40min;marks denote, @:
before treatment, (1: retorted in steam,
and A:retorted in lard
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Fig. 9 DSC patterns of model films, A (0), A
(20) and B (25), before and after retort
treatment at 120 °C for 40min ; before
treatment (—), retorted in steam {(---),
and retorted in lard (—-=)
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Fig. 10 Tme (temperature at the end of fusion
peak) change for model films by retort
treatment at 120 °C for 40min ; marks
denote, @ : before treatment, [J : retorted
in steam, and A : retorted in lard
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Fig. 11 Changes in dimension and weight for
model films by retort treatment in lard
at 120°C for 40min ; marks denote, O :
MD, A : TD, [0 : ND, and 4 : weight
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Fig. 12 Shematic description of a) lamellar models and b) finite element mesh
of model 1 used for calculation of finite element method (FEM)
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Fig. 13 Calculation resuits by FEM at 10th step. Numbers in parentheses
denote dimentional changes AL,/Lo (%) for TD and ND
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