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Influence of Casting Process Parameters on the Mechanical Properties
of Cellulose Film Analysed through Orthogonal Design

LAN Tian, WANG Jianqging, JIN Zhengwei
(College of Packaging and Printing Engineering, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: Three processing parameters (air gap, bath temperature and drawing speed) were chosen as major factors. Or-
thogonal experiments of the three factors and four levels were designed to study the influence of processing parameters on
mechanical properties of cellulose films. The results show that the most critical factor is bath temperature, the second is
drawing speed and air gap. The optimum processing conditions for film making should be 32 mm air gap,20 ‘C bath tem-
perature, and 500 mm/min drawing speed. The tensile strength and elongation at break of the cellulose films prepared in the
optimum processing parameters are 13.68 MPa and 79.37%, respectively. The degrees of crystallinity of different mechanical
properties (optimal combination, the best and worst ones in the orthogonal design) of cellulose films are 63.27%, 72.7% and
54.74%, respectively. The cross-sections of cellulose films prepared in the optimum processing parameters displayed a more
homogeneous and compact structure.
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Fig. 1 Flow chart of extrusion casting process for cellulose

films
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Tab.1 Factors and levels

KoF Ei‘\) i (B) HERIVA (C) pifhigi g/
= /mm I/ C (mm'min™")
1 20 20 400
2 24 30 450
3 28 40 500
4 32 50 550
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Tab.2 Orthogonal experimental results

SLS SBEE/mm BERIVRIREE/C P B/ (mm-min™) hi iR /MPa W i /% ZEETEREL
1 20 20 400 12.81 60.80 1.59
2 20 30 450 9.60 45.13 0.84
3 20 40 500 11.48 38.75 0.95
4 20 50 550 6.66 34.48 0.24
5 24 20 450 11.83 62.60 1.51
6 24 30 400 9.16 43.90 0.77
7 24 40 550 9.44 43.12 0.78
8 24 50 500 8.89 38.42 0.62
9 28 20 500 13.66 58.70 1.65
10 28 30 550 9.94 50.38 1.00
11 28 40 400 771 38.59 0.47
12 28 50 450 6.90 37.08 0.33
13 32 20 550 13.76 74.45 2.00
14 32 30 500 11.99 61.07 1.49
15 32 40 450 9.10 42.87 0.73
16 32 50 400 5.84 27.73 0.00
ki 0.905 1.688 0.708
ks 0.920 1.025 0.853
ks 0.863 0.733 1.177
ks 1.055 0.297 1.005
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Fig.2 SEM images of the fracture surface of regenerated cellulose films prepared in different experimental programs
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Fig.3 X-ray diffractograms of cellulose films prepared in

different experimental programs
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