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Shrinkability of High-pressure Polyethylene Films

Shouzo FUJIMOTO
Harumi INOUE
Tokio FUJIKI
Noriaki EMURA

Of several properties the shrink-packaging films need, the most desirable is shrinkage stress. In the

present work we have studied the methods for measuring shrinkage stress, as well as shrinkability of

various polyethylene films. The results may be summarized as follows;

a) Shrinkage stress depends largely on the density of polyethylene. The larger the density, or the

lower the the melt index, phlyethylene film exhibit a larger shrinkage stress,

b) Lower melting point resins such as lower density polyethylene or EVA show good shrinkage at

low temperature.,

¢) EVA with higher VAC content shows better shrinkage at low temperature, although its shrinkage

stress may decrease,

d) Both HDPE and linear LDPE lack aptitude for shrink films because of their poor shrinkage.,

e) Influence of processing temperature on shrinkage and shrinkage stress is small.
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Table 1 Sample characterization

Sample Melt Index Density
(gr./10 min) (gr./cc)
PE—A 1.0 0.9231
PE—B 0.98 0.9206
PE—C 0.97 0.9197
PE—D 0.85 0.9221
PE—E 0.76 0.9218
PE—F 0.60 0.9210
PE—G 0.60 0.9190
PE—H 0.58 0.9217
PE—I 0.50 0.9228
PE—] 0.49 0.9218
PE—K 0.36 0.9203
PE—L 0.32 0.9231
PE—M 0.32 0.9228
PE—N 0.31 } 0.9202
PE—O 0.29 0.9212
PE—P 0.29 0.9199
PE—Q 0.28 0.9202
PE—R 0.24 0.9194
PE-S 0.16 0.9208
PE—T 0.14 0.9235
PE—U 0.10 0.9206
PE—V 0.10 0.9220
L-LDPE A 1.76 0.9313
L-LDPE B 2.18 0.9178
L-LDPE C 2.98 0.9225
L-LDPE D 0.76 0.9196
HDPE A 1.17 0.9580
EVA—A 0.39 VAC= 3%
EVA—B 0.41 VAC= 5%
EVA—C 3.11 VAC=10%
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Table 2 Blown film processing conditions

Resin ' HP-LDPE,VA HDPI}::—LDPE
‘Die | 75¢mm Sl
“[-)ue gap - - 0.5 mm -
Resin temp. | 140°C 140~210°C
“ Floste line height | 200~220 mm | 250~300 mm
Blow up ratio 2, 3, 11; o 2 o
Film thicl;ness N 0. 075 mm —0 040 mm N
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Fig. 1 Apparatus for measurement of shrinkage
stress
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Fig. 6 Shrinkage stress vs, bath temp,
Resin temp.=140°C B/R=3
( Film thickness=0.075 mm
Immersion time=10 sec.
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Table 3 Effect of resin temperature

Resin=PE-M
Shrinkage | Shrinkage ShriS::kasgil
Resin (110°C) (130°C) (ke /‘f;;*)
P MDD MDD | wp | o5
(%) | (%) | (%) | (%)
140°C 5.3 3.9(44.8|39.914.3| 14.4
160°C 39| 5.4|42.6|41.5|14.8|14.5
180°C 7.9 [ 5.3142.4)43.0|14.7 | 14.3
Conditions ; B/R =3
*!Bath temp,=130°C )
Immersion time=10 sec,
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Fig. 14 Shrinkage vs, VAC content
Resin temp,==140°C B/R=3 >
Film thickness=0,075 mm

Table 4 Shrinkage stress vs, VAC content

- Shrinlscage

Rsin V(9A5 )C (g/% f1r=ir1) 9%?)6 (kg/cgg)s :
MD | TD

EVA—A | 3 0.39 24 |[11.3] 9.3
EVA—B | 5 0.41 23 8.8 7.5
EVA—C | 10 3.11 7 4.3 4.2
PE—F 0 0.60 6 |[12.3[11.7
PE—M 0| 0.3 7 |14.3]14.4

Bath temp.=130°C

( Conditions ; Resin temp, =140°C
Immersion time=10 sec,

B/R=3 )
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Fig. 15 Shrinkage of HDPE and L-LDPE
r Extruder ; 40 mm¢,
Die ; 75 mm¢ spiral
Resin temp, =140~210°C
B/R=2, TOS=10 m/min
Film thickness ; 0,04 mm

Table 5 Shrinkage stress of HDPE and L-LDPE

Rec MI i i) Shréﬁl;ﬁg;%tress

esin (g/10 min) (g/cc) 5 5
PE—F 0.6 0.921 9.5 10.1
L-LDPE A 1.76 0.931 12.6 ==
L-LDPE B 2.18 0.918 = —
L-LDPE C 2.98 0.923 — ==
L-LDPE D 0.76 0.920 9.5 ===
HDPE A 1.17 0.958 24.8 -

Conditions ; Processing conditions are same as
Fig. 15
Bath temp.=160°C (MD), 150°C (TD)

Immersion time=3 sec,
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