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Abstract: Polyurethanes containing poly(dimethyl siloxane) (PDMS) unit, PU-Si, were synthesized and their thermal and
shape memory properties were investigated. Various amounts of PDMS units were incorporated via a solution poly-
merization method using mixed diols of poly(tetramethylene ether glycol) (PTMEG) and PDMS-diol as the soft segment
(SS) and methylene diphenyl diisocyanate and 1,4-butanediol as the hard segment (HS). Two series of PU-Si samples
with an HS content of 23% or 32% were prepared and analyzed. For PU-Si with an HS content of 23%, both the cold
crystallization temperature (7;.) and melt crystallization temperature of the SS domain moved higher temperature with
increasing PDMS content, while the melting temperature (7;,) of the SS domain remained unaffected. The increase in HS
content from 23% to 32% resulted in the increased 7}, and disappearance of 7. The shape recovery of PU-Si flim with
an HS content of 32% increased while its shape retention decreased as PDMS content increased.

Keywords: shape memory polyurethane, poly(dimethyl siloxane), thermal property, shape retention, shape recovery.
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Scheme 1. Reaction scheme for the synthesis of PU-Si via a two-step process.
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Table 1. Composition of Reactants for the Synthesis of PU-Si’s with Different PDMS Contents

Mol ratio Weight ratio S
Sample code o
MDI PIMEG  PDMS 1,4-BD MDI PIMEG  PDMS 14-BD  content(%o)
PU-Si00(H23) 2 1 0 1 20 80.0 0 35
PU-Si05(H23) 2 0.95 0.05 1 20 75.9 4 3.5
PU-Si10(H23) 2 0.9 0.1 1 20 71.8 8 3.5 23
PU-Si15(H23) 2 0.85 0.15 1 20 67.7 12 3.5
PU-Si20(H23) 2 0.8 0.2 1 20 63.5 16 35
PU-Si00(H32) 3 1 0 2 28 72.7 0 6
PU-Si05(H32) 3 0.95 0.05 2 28 69 3.6 6
PU-Si10(H32) 3 0.9 0.1 2 28 65.2 7.3 6 32
PU-Si15(H32) 3 0.85 0.15 2 28 61.4 10.9 6
PU-Si20(H32) 3 0.8 0.2 2 28 57.6 14.6 6
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Scheme 2. Schematic diagram of the shape memory test.
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Figure 1. FTIR spectra of PU-Si films with an HS content of (A)
23%,; (B) 32%: (a) PU-Si00, (b) PU-Si03, (c) PU-Si10, (d) PU-Sil5,
and (e) PU-Si20.
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Figure 2. H-bond fraction of carbonyl group in PU-Si films.
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Figure 3. DSC heating thermograms of the quenched PU-Si with an
HS content of 23%: (a) PU-Si00(H23); (b) PU-Si05(H23); (c) PU-
Si10(H23); (d) PU-Sil15(H23); (e) PU-Si20(H23).
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PU-Si00(H32) 243 42.2
PU-Si05(H32) 24.1 39.2
PU-Sil10(H32) 24.8 37.6
PU-Sil5(H32) 244 35.9
PU-Si20(H32) 24.1 322

Figure 4. DSC heating thermograms of the PU-Si with an HS content
of 32%: (a) PU-Si00(H32); (b) PU-Si05(H32); (c) PU-Sil0(H32);
(d) PU-Si15(H32); (e) PU-Si20(H32).
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PU-Si00(H23) -0.8 59.9
PU-Si05(H23) 3.7 57.8
PU-Si10(H23) 7.6 53.7
PU-Si15(H23) 8.1 52.9
PU-Si20(H23) 12.3 52.7

Figure 5. DSC cooling thermograms of the PU-Si with an HS con-
tent of 23% after heat treatment at 250 °C for 10 min: (a) PU-
Si00(H23); (b) PU-Si05(H23); (c) PU-Sil10(H23); (d) PU-Si15(H23);
(e) PU-Si20(H23).
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Figure 6. DSC cooling thermograms of the PU-Si with an HS con-
tent of 32% after heat treatment at 250 °C for 10 min: (a) PU-
Si00(H32); (b) PU-Si05(H32); (c) PU-Si10(H32); (d) PU-Sil5(H32);
(e) PU-Si20(H32).
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frequency; 1 Hz).
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