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Influence of Annealing Conditions on Shrinkage behaviors of Double Bubble

Tubular Film of Ethylene Random Copolypropylene

Sakauchi, Kunio*!/Takebe, Tomoaki*?/Uehara, Hideki*!/Yamada, Toshiro*’/Kanai, Toshitaka**

Stretched film of ethylene random copolypropylene (r—PP) is widely used for heat shrinkable
film. The content of copolymerized ethylene is selected in accordance with use. In this paper, the
influence of annealing conditions on dimensional stability and heat shrinkage was reported for the
stretched film of r—PP produced by double bubble tubular machine.

From this research, the prediction formula was derived by multiple linear regression analysis, and
as a result the setting guideline of annealing conditions was proposed in order to design a heat
shrinkable film of r—PP with good dimensional stability and the required heat shrinkage.

Key words : Ethylene random copolypropylene/Shrink behavior/Annealing/Double bubble tubular
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Table1 Material characteristics of r—PP

Sample No. 1 No. 2 No. 3 No. 4
Density (g/cm’) 0.91 0.91 0.91 0.91
Melt index (g/10 min) 3.5 2.2 2.1 2.1
Melting point () 132 138 143 154
Material characteristics | Ethylene cont. (wt%) 5.0 4.0 2.7 1.4
Mw (=)* 315,000 | 345,000 | 377,000 | 403,000
Mn (-)* 86,000 | 100,000 | 97,000 | 104,000
Mw/Mn (=) 3.66 3.45 3.91 3.40
*1 Weight average molecular weight
*2  Number average molecular weight
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Fig.1 Schematic drawing of the double bubble
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Table 2 Production conditions of r—PP double bubble
tubular films

Sample No.1 | No.2 | No.3 | No.4

Average preset temperature

of the preheating process (C) si4 ] 819 ) 325 332

Average preset temperature

of the stretching process (C) 310 | 313 | 315 | 324

Film temperature at the exit

position of the preheating | 107 108 112 121
process (C)
Stretching stress (MPa) 33.0 | 39.7 | 36.0 | 25.5

Table 3 Annealing conditions of stretched films

Sample No.1 ‘ No. 2 ‘ No. 3 ‘ No. 4
Annealed film temperature (C)*
65 58 65 65
72 75 79 80
0 87 93 95 95
103 104 106 110
117 117 119 120
68 64 87 81
85 85 98 94
5 105 94 116 108
120 108 — 120
Relax ratio 118 — —
(%) 86 75 101 92
102 84 109 120
10 119 101 121 114
— 120 — —
84 85 110 130
131 109 101 121 —
120 118 — —
100 89 121 —
16 110 105 — —
120 119 — —

*The annealed film temperature denotes the annealed film
surface temperature at exit position of the annealing process.
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Fig.2 The relationship between Ethylene content
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non annealed film
*1 Dimension change ratio denotes shrink
behavior during the preserved time 2 weeks in
a temperature of 30C and 40C
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Fig.4 Dimension change ratios* under the preserved temperature 30C of the non-annealed film and the an-

nealed films

“Dimension change ratio denotes shrink behavior during the preserved time 2 weeks at the preserved tem-

perature 30C
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Fig.5 Dimension change ratios* under the preserved temperature 40°C of the non-annealed film and the an-

nealed films

*Dimension change ratio denotes shrink behavior during the preserved time 2 weeks at the preserved

temperature 40C
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Fig.7 Shrinkage in glycerin for 10 s of the non annealed film and the annealed films.
The film's material is 5.0 wt% of ethylene random copolypropylene
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Fig.8 Shrinkage in glycerin for 10 s of the non annealed film and the annealed films.
The film's material is 4. 0 wt% of ethylene random copolypropylene
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Fig.9 Shrinkage in glycerin for 10 s of the non annealed film and the annealed films.
The film's material is 2.7 wt% of ethylene random copolypropylene
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Fig.10 Shrinkage in glycerin for 10 s of the non annealed film and the annealed films.
The film's material is 1.4 wt% of ethylene random copolypropylene
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