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Fig. 1 Cell morphology of TPU microcellular foam across
the thickness direction (taking TPU1 as an example).
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Fig. 2
distribution for all cell in the foam.

(a) SEM images of the cell structure of TPU foam (middle region of foam was shown as example); (b) Cell size

Table 1 Structure parameters of TPU foams.

Foam p (g/em’) diayer (HM) D (%) F (%) X (um) Y
TPUO 1.20+0.02 - 100 - - -
TPUI 0.78+0.01 113.60+12.28 11.36£1.22 41.63+4.03 6.74+4.69 0.696
TPU2 0.610.01 79.90+12.01 7.68+1.15 50.48+4.95 10.30+7.24 0.703
TPU3 0.46+0.01 50.81+15.03 4.62+1.37 61.50+4.03 10.994+7.27 0.662
TPU4 0.27+0.02 29.01+5.32 2.04+0.37 71.2542.56 7.95+4.55 0.573




434 XF5 5 ARV AR LA B R L 5 H AR BERC & 391

20
3 TPUO TPU1
——TPU2 —— TPU3
s 2 —TPU4

Compression stress (MPa)

0 10 20 30 40 50 60 70 80
Strain (%)

Fig. 3 Relationship between uniaxial compressive stress
and strain of TPU samples.
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Fig. 4 Compression modulus for the TPU foam speci-

mens as a function of apparent density. The correlation
coefficient of the nonliner curve fitting is above 0.999.
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Fig. 5 Relationship between stress and strain in cyclic compression tests of (a) TPU1, (b) TPU2, (¢) TPU3 and (d) TPU4

at a maximum strain of 70%.
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Fig.6 SEM images of cell structure after cyclic compression of TPU foams at a maximum strain of 20%: (a) TPU1, (b) TPU2,

(c) TPU3 and (d) TPU4.

Fig. 7 SEM images of cell structure before (a) and after (b) cyclic compression of TPU foams at a maximum strain of
70%, and (al)—(a4) and (b1)—(b4) represent TPU1, TPU2, TPU3 and TPU4, respectively.
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Fig. 8 Variation curve of hysteresis energy (a), hysteresis
(b) and residual strain (c) versus materials’ apparent density.
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Fig. 9 (a) Storage modulus (G') and loss modulus (G") of
TPUO with angular frequency under different pressures;
(b) tand of TPUO under different pressures.
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Fig. 10 Changes in storage modulus (G') and loss modulus (G") with angular frequency (w) for (a) TPU1, (b) TPU2,

(c) TPU3, and (d) TPU4 under different pressures.
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Relationship between Apparent Density and Mechanical Properties of
Microcellular Thermoplastic Polyurethane Foam

Fang Liu'?, Zhi-gang Zhao', Xue Yang', Ge Pan', Tong-fei Shi!, Dong-hua Xu'*, Wen-tao Zhai**

(1State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022) (*School of Applied Chemistry and Engineering,
University of Science and Technology of China, Hefei 230026)

(3School of Materials Science and Engineering, Sun Yat-Sen University, Guangzhou 510275)

Abstract A series of microcellular thermoplastic polyurethane foams with different apparent densities were
prepared by temperature-increasing foaming method with high-pressure CO, as blowing agent, and the
relationship between the apparent density and mechanical properties was investigated. The structure of
microcellular thermoplastic foam was characterized by scanning electron microscopy. The mechanical properties
of the materials with different apparent densities were characterized by universal material testing machine and
rotational theometer. The results show that the apparent density of the microcellular thermoplastic polyurethane
foam is mainly determined by the thickness ratio of the skin layer and the area occupation of cell. The smaller the
ratio of the thickness of the skin layer and the higher the area occupation of cell, the smaller the foam density; the
relationship between compression modulus £ and apparent density p of the samples in the linear strain region is as
follows: E<<p'’, which is consistent with the basic conclusion that the relationship between modulus and density
of foam materials is exponential; in the cyclic compression experiment, as the density of the foam material
decreases, the residual strain decreases, and the hysteresis increase; in the rheological experiment, the modulus of
the foamed material does not change significantly with the density, and the damping factor tand does not vary
monotonically with the foam density. At the same time, the dependence of compression modulus £ and hysteresis
with foam density was also explained.

Keywords  Microcellular thermoplastic polyurethane foam, Skin, Apparent density, Mechanical properties,
Rheology
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