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A Study on the Elongation of Polymer Extrusion Film
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Abstract Optimization of process parameters in polymer extrusion is an important task to reduce manufacturing
cost. To determine the optimum values of the process parameters, it is essential to find their influence on the
elongation of polymer breathable thin film. The significance of six important process parameters namely,
extruder cylinder temperature, extruder speed, extruder dies temperature, cooling roll temperature, stretching ratio,
stretching roll temperature on breathable film elongation of polymer extrusion was determined. Moreover, this
paper presents the application of Taguchi method and analysis of variance(ANOVA) for maximization of the
breathable film elongation influenced by extrusion parameters. The optimum parameter combination of extrusion
process was obtained by using the analysis of signal-to-noise ratio. The conclusion revealed that stretching ratio
were the most influential factor on the film elongation. The best results of film elongation were obtained at
lower stretching ratio.
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[Fig. 1] Photograph of polymer extruder.

[Table 1] Material properties of LLDPE

Properties Unit Value
Thermal conductivity J/msC 0.24
cii‘:falelltc :)lre:stsz:e Vg 2.30
Density g/crn3 0.92

Transition temperature T -120/-9
Crystalline melting point [ 125
Power law index 0.6

VLS S 1 A1 A

1g 29} 500 kg/max.o|,

[Fig. 2] Photograph of tensile strength test M/C.
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[Table 2] Control parameters with levels

Process parameters Unit L1 L2 L3
A : Ex. cylinder temp. T 220 | 240 | 260
B : Ex. speed pm | 200 | 250 | 300
C : Ex. dies temp. [ 220 | 230 | 240
D : Cooling roll temp. 16 18 20
E : Stretching ratio - 2.0 3.0 4.0
F : Stretching roll temp. T 80 90 100
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[Table 3] Orthogonal array L»7(3%

Run A B C D E F ]1:7,/{(]))

1 1 1 1 1 1 1 197

2 1 1 1 1 2 2 107

3 1 1 1 1 3 3 57

4 1 2 2 2 1 1 199

5 1 2 2 2 2 2 108

6 1 2 2 2 3 3 60

7 1 3 3 3 1 1 192

8 1 3 3 3 2 2 108

9 1 3 3 3 3 3 67

10 2 1 2 3 1 2 200

11 2 1 2 3 2 3 115

12 2 1 2 3 3 1 65

662

13 2 2 3 1 1 2 188
14 2 2 3 1 2 3 106
15 2 2 3 1 3 1 56
16 2 3 1 2 1 2 195
17 2 3 1 2 2 3 108
18 2 3 1 2 3 1 60
19 3 1 3 2 1 3 187
20 3 1 3 2 2 1 110
21 3 1 3 2 3 2 62
22 3 2 1 3 1 3 193
23 3 2 1 3 2 1 108
24 3 2 1 3 3 2 58
25 3 3 2 1 1 3 203
26 3 3 2 1 2 1 127
27 3 3 2 1 3 2 62
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[Fig. 3] Probability plot of MD elongation
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[Fig. 5] Main effects plot(data means) for S/N ratios of
MD elongation.
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[Table 4] ANOVA table for S/N ratio of MD elongation
after pooling

Source DF Seq. SS | Adj. MS F P
B 2 0.97 0.97 4.27 0.028
C 2 1.32 1.32 5.83 0.010
E 2 462.05 462.05 2046 0.000

Error 20 2.26 2.26

Total 26 466.59
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[Table 5] ttest of MD elongation.

Predictor Coefficient T p VIF

Constant. 50.47 93.65 0.000 1.0

A 0.07 0.60 0.554 1.0

B 0.10 0.90 0.378 1.0

C 0.04 0.33 0.744 1.0

D 0.08 0.70 0.489 1.0

E -5.07 -46.68 | 0.000 1.0

F -0.06 -0.51 0.614 1.0
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