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The paper deals with electromechanical and dielectric properties of polyurethanes (PU) blockcopolymers. Most of the works published in the literature only consider electrostriction at room temperature at a given frequency. In this work, it is shown that electrostrictive coefficient ME is divided by 3 to 10 at increasing frequency over 3 decades of frequency, depending on the ratio of hard to soft segments in PU. Thus it is important to analyze the energy conversion efficiency by investigating the dielectric and viscoelastic properties. This work deals with the study of dielectric properties of 3 PU with different fractions of hard segments. Three relaxation phenomena (and conduction) were investigated for each PU in the temperature-frequency range studied here, in order to optimize the copolymer composition in view of their best efficiency as actuators or mechanical energy harvesting devices.

I. Introduction

Electroactive polymers are one of the most promising technologies. Compared to inorganic materials, these versatile polymers have various attractive properties, such as being lightweight, inexpensive and easy to manufacture into any desirable shape. Tremendous amounts of research and development have led to Electroactive Polymers (EAP) that can change in size or shape when stimulated by an external electrical field, meaning they can convert electrical energy into mechanical energy [START_REF] Bar-Cohen | Electroactive Polymer (EAP) Actuators as Artificial Muscles (Reality, Potential and Challenges)[END_REF]. Among the various EAPs, polyurethane (PU) elastomers are of great interest due to the significant electrical-field strains [START_REF] Watanabe | Electric conduction in bending electrostriction of polyreuthanes[END_REF][START_REF] Su | Effects of transitional phenomena on the electric field induced strain-electrostrictive response of a segmented polyurethane elastomer[END_REF][START_REF] Guiffard | Enhanced electric field induced strain in non percolative carbon nanopower / polyurethane composites[END_REF], and due to their attractive and useful properties, such as abrasion resistance, high mechanical strength and biocompatibility with blood and tissues [START_REF] Guelcher | Synthesis of biocompatible segmented polyurethanes from aliphatic diisocyanates and diurea diol chain extenders[END_REF]. The PU elastomers studied here are block copolymers of soft and hard segments (SS and HS). In this study, the hard segments (HS) are composed of 4.4' methylene bis (phenyl isocyanate) (MDI) and 1,4-butanediol (BDO), whereas poly(tetramethylene oxide) is employed as soft segments (SS). It is worthy to notice that HS and SS are not miscible, and during the process, a partial phase separation occurs leading to the formation of soft domains (SD) rich in SS and hard domains (HD) poor in SS. This phase separation is limited because of the relatively low molecular weight of SS and HS blocks which prevents the entropy of mixing to decrease too much [START_REF] Petrović | The effect of soft-segment length and concentration on phase separation in segmented polyurethanes[END_REF][START_REF] Lin | Study on shape-memory behaviour of polyether-based polyurethanes. II. Influence of soft-segment molecular weight[END_REF]. Furthermore, a slight crystallization can grow inside SD and HD. All of these parameters, namely the crystallinity ratio, the SD and HD topology, composition and concentration influence properties such as hardness, stiffness, and tensile strength [START_REF] Chattopadhyay | Structural engineering of polyurethane coatings for high performance applications[END_REF]. It is well documented that the properties and the performances of polyurethanes are strongly dependent on the degree of microphase separation and on the ensuing morphologies [START_REF] Byung | Polyurethanes having shape memory effects[END_REF][START_REF] Sudipto | Structure property relationships and melt rheology of segmented,non-chain extended polyureas: Effect of soft segment molecular weight[END_REF][START_REF] Guillot | Electrostrictive effect in polyurethanes[END_REF][START_REF] Korley | Effect of the degree of soft and hard segment ordering on the morphology and mechanical behavior of semicrystalline segmented polyurethanes[END_REF]. The objective of this present study is to highlight the strain thickness frequency dependence and to investigate the effect of the chemical composition through the HS content on the dielectric behavior of three different pure segmented PU, where the weight fraction of HS is varied. In order to achieve our goal, dielectric spectroscopy measurements were performed in a wide range of temperature and frequencies.

II. Materials and methods

The studied polymers are polyether-based thermoplastic polyurethanes. They are co-block polymers with two major blocks: HS and SS. HS are composed of 4.4' methylene bis (phenyl isocyanate) (MDI) and 1,4-butanediol (BDO). Poly (tetramethylene oxide) (PTMO) is used as SS. The structure of PU is presented in Fig. 1. The SS originate from the polyol and are responsible for the elastomeric behaviour of the polymeric material; the HS contain highly polar urethane linkages and it is thought [START_REF] Petrovic | Polyurethane elastomers[END_REF][START_REF] Laity | A review of small-angle scattering models of random segmented poly(ether-urethane) copolymers[END_REF][START_REF] Han | Effect of molecular shape of diisocyanate units on the microscopic/macroscopic phase separation structure of polyurethanes[END_REF][START_REF] Yang | Carboxylate containing chain-extended polyurethanes[END_REF] that due to phase separation they form highly polar and stiff microdomains embedded in a soft poorly polar matrix. Essentially, the morphology of the segmented polyurethanes depends on the relative amount of the soft and hard segments and on other physical phenomena such as crystallization and hydrogen bonds formation between the two types of segments. The polymer films were prepared by solution casting. The elaboration process steps are described in the Fig. 2. Before use, PU granules were heated at 350 K for 3 hours. Then they were dissolved in N,N-dimethylformamide (DMF, Sigma-Aldrich D158550, 99%) with a ratio of 25% weight of PU into DMF. The solution was heated at 350 K for 4 hours under mechanical agitation, until a homogeneous solution was obtained. This operation was carried out in a closed device, to avoid evaporation of the DMF solvent and ensure good reproducibility of films.

The solution was then kept overnight to remove air bubbles. Afterwards, this solution was cast on glass plates with an Elcometer 3700 doctor blade film applicator Fig. 2, put in an oven at 335 K for one day, and then removed from the glass. A second heating treatment at a temperature below the HS melting temperature was performed in order to eliminate the residual solvent. The thickness of the films was 100 µm after drying.

Glass transition and melting temperatures were determined with Differential Scanning Calorimetry (Setaram, DSC 131 Evo)) under nitrogen flow (P = 1.5 bar). Samples of 20 mg were cooled by liquid nitrogen to 140 K and then heated to 480 K before being cooled to room temperature. The heating and cooling rates were set at 10 K / min. The field-induced thickness strain 𝑆 was measured on circular samples (25mm of diameter) with a homemade setup based on a double-beam laser interferometer measurement (Agilent 10889B) [START_REF] Guiffard | Enhanced electric field induced strain in non percolative carbon nanopower / polyurethane composites[END_REF]. Samples were placed between two cylindrical brass mass acting as conductive electrodes. A mirror was placed on the upper electrode to reflect the laser beam. A bipolar electric field was supplied by a high voltage amplifier (Trek10/10B) driven with a function generator (Agilent 33250A). Measurements were made at room temperature on samples of 100 µm of thickness.

The dielectric properties of these films were measured with a Modulab MTS at an AC voltage of 1 VRMS, over a frequency range of 10 -1 to 10 5 Hz. Both surfaces of the film -of 100µm of thickness-were coated with a gold electrode of 20 mm in diameter, deposited by sputtering (Cressington 208 HR). The real and imaginary parts of the dielectric permittivity ε* and of the conductivity σ* were obtained. The complex dielectric modulus, M * = 1 ε * was also determined as explained below. Isothermal measurements were performed under liquid nitrogen using a cryostat (JANIS-STVP-200XG), in the temperature range 180 K to 380 K. Dielectric relaxation, activation energy and characteristic relaxation time (τ) were determined for each relaxation process of each PU.

III. Results and discussion

Main physical properties of 3 PU

The properties of the three types of PU are summarized in Table 1.The glass transition temperature 𝑇 𝑔𝑆𝐷 of the SD -microphase -increases by increasing the weight fraction of HS, which confirms the partial miscibility of HS and SS. The melting temperatures 𝑇 𝑚 of HD are almost the same for the three PU. From the literature, they are related to the micro-mixing of non-crystalline semi-crystalline hard and soft phases followed by the fusion of crystalline HS [START_REF] Koberstein | Simultaneous SAXS-DSC Study of Multiple Endothermic Behavior in Polyether-based Polyurethane Block Copolymers[END_REF][START_REF] Lapprand | Synthesis and properties of self-crosslinkable thermoplastic polyurethanes[END_REF]. The enthalpy related to these endothermal phenomena increases with the HS amount, which indicates an enhanced crystallinity. Indeed, Liff et al. [START_REF] Liff | High-performance elastomeric nanocomposites via solvent -exchange processing[END_REF] confirm that the crystallinity and crystallite perfection increases with HS content due to the perfection of microphase separation between HS and SS. Furthermore Nakamae et al. [START_REF] Nakamae | Microphase separation and surface properties of segmented polyurethane -Effect of hard segment content[END_REF] show that an increase of ΔHm of HS must amplify a crystalline morphology within the HS microdomains, which accounts for the HS strengthening and the enhancement in melting endotherm intensity [START_REF] Nakamae | Microphase separation and surface properties of segmented polyurethane -Effect of hard segment content[END_REF]. 

Electrostriction properties

Fig. 3 Variation of the strain thickness at 2 V/µm of 3 PU versus frequency.

Fig. 3 depicts the variations of the strain thickness at 2 V/µm of the 3 PU versus frequency.

Experimental 𝑆 33 values decreases when the frequency is increased. Diaconu et al. reported that the thickness strain decreases when the relaxation time is decreased. Moreover the relaxation time also influences on the electrostrictive polymers behavior [START_REF] Diaconu | Properties of polyurethane thin films[END_REF]. Guillot et al. [START_REF] Guillot | Electrostrictive effect in polyurethanes[END_REF] have demonstrated that the electrostriction coefficient of PU should decrease when the frequency is increased. Furthermore, Putson et al. confirmed that an increase of frequency-for example from 0.1 Hz to 1 KHz-induces a decrease by a factor of 100 the electrostrictive coefficient [START_REF] Putson | Energy conversion from electroactive materials and modeling of behaviour on these materials[END_REF]. The dielectric constant 𝜀 of polyurethane is known to decrease when the frequency is increased because of the decrease of the interfacial Wagner polarization contribution, which exists in all heterogeneous dielectric materials, including multiphase polyurethane [START_REF] Guyomar | The compressive electrical field electrostrictive coefficient M33 of electroactive polymer composites and its saturation versus electrical field, polymer thickness, frequency, and fillers[END_REF]. On the contrary, the Young's modulus is known to increase as a function of frequency because large translational motions are restricted and because relaxation processes can occur when the frequency is increased.

The latter result confirms that the applied frequencies play an interesting role on the electromechanical properties of PU. In addition the frequency can limit the application range of PU polymer as an actuator. On one hand, by decreasing the frequency, the ionic conductivity increases, which can be attributed to charge displacements (which corresponds to dielectric losses). On the other hand by increasing the applied frequency, the Young modulus and the mechanical loss increase as a result of viscoelastic relaxation of PU. Thus, studying the dielectric and viscoelastic properties including relaxation phenomena in a wide range of frequencies and temperatures is necessary to optimize the conditions-applied frequency and temperature-for the use of PU as actuator.

Dielectric properties of 3PU

a.

Isochronal study

Fig. 4 presents the real and imaginary parts of dielectric permittivity and the real and imaginary parts of dielectric modulus 𝑀 * at 0.1 Hz and at 1 kHz versus temperature from 180 K to 380 K. As 𝑀 * = 1 𝜀 * , the real dielectric modulus 𝑀 ′ and the dielectric loss modulus 𝑀 ′′ can be deduced by the following relations As frequently observed on polymers [START_REF] Ahmad | Polymer Dielectric Materials, Dielectric Material[END_REF], the dielectric permittivity starts to increase just above 𝑇 𝑔 (see Fig. 4). Indeed as the temperature increases, the intermolecular forces between polymer chains are easier to break and the polar groups are freer to move. This behavior corresponds to the -relaxation. At temperatures higher than 330 K and depending on the type of polyurethane, the real component of the permittivity ' remains constant or starts to decrease due to strong thermal motion which disturbs the dipole orientation [START_REF] Ahmad | Polymer Dielectric Materials, Dielectric Material[END_REF]. Such M''

𝑀 ′ = 𝜀 ′ (𝜀′ 2 + 𝜀 ′′ 2 ) 𝑀 ′′ = 𝜀 ′′ (𝜀′ 2 + 𝜀 ′′ 2 ) (1) 
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permittivity decrease is mainly observed on PU75. The evolution of 𝜀 ′ between 300 and 350 K shows that PU88 is the most stable upon the 3 types of PU.

The evolution of 𝜀 ′′ versus temperature shows the dielectric relaxations which are highlighted by 𝜀 ′′ maxima. One important relaxation seen in Fig. 4 is the α relaxation associated with the motion of the SD microphase [START_REF] Pissis | Influence of chain extenders and chain end groups on properties of segmented polyurethanes, II. Dielectric study[END_REF][START_REF] Boiteux | Dielectric studies of segmented polyurethanes based on polyolefine: relations between structure and dielectric behavior[END_REF]. Moreover, a slight increase of 𝜀 ′′ can be observed slightly above 190 K, which is probably related to β-relaxation, as it will be shown in the next section. For the temperature range used here, these relaxations need to be observed at much lower frequencies. These relaxations could be related to the local motion of polymer segments [START_REF] Ahmad | Polymer Dielectric Materials, Dielectric Material[END_REF][START_REF] Zhang | An experimental investigation of electromechanical responses in a polyurethane elastomer[END_REF][START_REF] Kanapitsas | Dielectric relaxation spectroscopy in crosslinked polyurethanes based on polymer polyols[END_REF][START_REF] Castagna | The Role of Hard Segment Content on the Molecular Dynamics of Poly(tetramethylene oxide)-Based Polyurethane Copolymers[END_REF]. At higher temperatures, the strong increase of the imaginary dielectric permittivity is related to the Maxwell Wagner Sillars (MWS) interfacial polarization due to accumulation of charges at the interfaces [START_REF] Kanapitsas | Dielectric relaxation spectroscopy in crosslinked polyurethanes based on polymer polyols[END_REF][START_REF] Hanafy | Dielectric and Electric Modulus Behavior of Chlorinated Poly(Vinyl Chloride) Stabilized with Phenyl Maleimide[END_REF]. It corresponds to the ionic conductivity which appears at high temperature -low frequency and which will be discussed later. A 1 kHz, the real part of the dielectric modulus M' first decreases for temperatures where it is observed a maximum of M'' and after M' is almost constant. A 0.1 Hz there is an abrupt decrease of M' showing that the conductivity is the predominant phenomenon.

The examination of loss modulus 𝑀 ′′ presented in Fig. 4 allowed the observation of three relaxation mechanisms especially at high temperature and high frequency range. The main advantage of using of the complex modulus,𝑀 * , rather than   is that the electrode polarization effect can be better separated from the -relaxation and it is a very important and convenient way to analyze and interpret the dielectric relaxation of polymeric materials [START_REF] Pissis | Water effects in polyurethane block copolymers[END_REF].

b. Isothermal Study

In order to analyze the relaxation processes of the 3 PU, additional measurements were performed over a wide range of temperatures and frequencies. Relaxation spectra are presented as isothermal curves, which display the variation of the imaginary part of 𝑀 ′′ in function of the frequency. Again, three relaxation processes can be observed for the three investigated polymers. At low temperature and/or low frequency, a β-relaxation with very small amplitude can be seen (Fig.
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). In the temperature-frequency range used here, the γ-relaxation is not visible. It is related to the local motion of (CH2)n [START_REF] Ahmad | Polymer Dielectric Materials, Dielectric Material[END_REF][START_REF] Kanapitsas | Dielectric relaxation spectroscopy in crosslinked polyurethanes based on polymer polyols[END_REF], and occurs at temperatures lower than the βrelaxation. in the literature to the motion of the polymer chain segments with attached water molecules [START_REF] Zhang | An experimental investigation of electromechanical responses in a polyurethane elastomer[END_REF][START_REF] Kanapitsas | Dielectric relaxation spectroscopy in crosslinked polyurethanes based on polymer polyols[END_REF][START_REF] Castagna | The Role of Hard Segment Content on the Molecular Dynamics of Poly(tetramethylene oxide)-Based Polyurethane Copolymers[END_REF]. It is present in many water-containing systems, and even if the PU are dried before measurements, some residual water may remain because of strong interactions between HS segments or SS segments and water [START_REF] Pissis | Water effects in polyurethane block copolymers[END_REF]. The β relaxations are similar for the three PU.

At higher temperatures (or lower frequencies) the β-relaxation mechanism is hidden by the beginning of the α-relaxation of SD [START_REF] Pissis | Water effects in polyurethane block copolymers[END_REF], and further by the high electrical conductivity.

The α-relaxation appears in the temperature range of 204 to 264 K only at high frequencies (1 to 10 5 Hz) for the 3PU, and has a larger amplitude than the β-relaxation as seen in Fig. 5b, 6b, 7b. This relaxation corresponds to a longer scale segmental motion, and is associated with the glass transition [START_REF] Pissis | Influence of chain extenders and chain end groups on properties of segmented polyurethanes, II. Dielectric study[END_REF][START_REF] Boiteux | Dielectric studies of segmented polyurethanes based on polyolefine: relations between structure and dielectric behavior[END_REF]. As for 𝑇 𝑔 , the α-relaxation shifts to higher temperatures with increasing HS amounts. For PU60 the α-relaxation cannot be easily analyzed because it is superimposed to the conductivity effect, which is especially large in that case, as discussed below.

A third very strong relaxation process starts at 270 K at low frequency Fig. 5a, 6a, and 7a.

This phenomenon is very sensitive to frequency and shifts to higher frequencies when increasing the temperature. It corresponds to high values of the DC conductivity. Karabanova et al discussed such high values of the dielectric loss 𝑀 ′′ at low frequencies and high temperatures [START_REF] Pissis | Influence of chain extenders and chain end groups on properties of segmented polyurethanes, II. Dielectric study[END_REF][START_REF] Karabanova | Semi-interpenetrating polymer networks based on polyurethane and poly(2hydroxyethyl methacrylate): Dielectric study of relaxation behavior[END_REF]. This relaxation phenomenon is attributed to the existence of ionic polarization in polyurethane network due to "free" charge motion within the material.

For the different relaxation processes, using M"(T,f) data, and more precisely the frequencies 𝑓 𝑀 at which M" passes through a maximum, it is easy to determine the so-called relaxation time 𝜏 = 1/2𝜋𝑓 𝑀 and to get a set of 𝜏(𝑇). It is usual to plot log (𝜏) versus 1/𝑇 (in a so-called Arrhenius plot), and to determine the equation of the corresponding curve. If the curve is a straight line, then the relaxation time follows the Arrhenius equation:

𝜏 = 𝜏 0 . 𝑒𝑥𝑝 𝐸 𝑘 𝐵 𝑇 (2) 
For the cooperative α-relaxation, the temperature dependence of τ is often described by the Vogel-Tammann-Fulcher (VTF) equation

𝜏 = 𝜏 0 . 𝑒𝑥𝑝 𝐵 (𝑇-𝑇 0 ) (3)
Where 𝜏 0 is the pre-exponential time, B is an activation parameter and T0 is the ideal glass transition temperature (or the Vogel temperature) [START_REF] Pissis | Influence of chain extenders and chain end groups on properties of segmented polyurethanes, II. Dielectric study[END_REF][START_REF] Karabanova | Semi-interpenetrating polymer networks based on polyurethane and poly(2hydroxyethyl methacrylate): Dielectric study of relaxation behavior[END_REF], (T0 being 40 K lower than 𝑇 𝑔 ) [START_REF] Karabanova | Semi-interpenetrating polymer networks based on polyurethane and poly(2hydroxyethyl methacrylate): Dielectric study of relaxation behavior[END_REF].

Fig. 8 shows semi-logarithmic plot of τ against reciprocal temperature, 1/T, for the 3 PU. The curves are the fits of equations ( 2) and (3) for the β and α relaxations respectively. The experimental points are also included in the plots. The results of the fitting procedure are listed in Table 2. 0,0040 0,0045 0,0050 The β relaxation is described by practically the same parameters E and τ0 for the three materials. The relaxation times of the β-processes are not significantly affected by the HS content and the values of the activation energies are similar to other reported values [START_REF] Georgoussis | Dielectric studies of molecular mobility and microphase separation in segmented polyurethane[END_REF].
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For the α-relaxation, it is striking that the VTF parameters are different for sample PU75 compared with PU88. The results indicate that the cooperative primary α process is more sensitive to morphology changes than the local secondary β process [START_REF] Pissis | Influence of chain extenders and chain end groups on properties of segmented polyurethanes, II. Dielectric study[END_REF].

The fitting parameters have reasonable values for all three samples, e.g. for T0 is 165 K for PU75 and 195 K for PU88 Table 2, in reasonable agreement with T0 being about 40 K lower than Tg [START_REF] Pissis | Influence of chain extenders and chain end groups on properties of segmented polyurethanes, II. Dielectric study[END_REF][START_REF] Georgoussis | Dielectric studies of molecular mobility and microphase separation in segmented polyurethane[END_REF].

𝑇 𝑔 can be estimated from the segmental relaxation by extrapolation of the VTF fit to τ =100 s.

𝑇 𝑔 equals to 207 K and 226 K for PU75 and PU88 respectively. These values are in good agreement with experimental data obtained by DSC measurement (see Table 1).

c. Conductivity

Fig. 9 displays the evolution of the real part of conductivity of the 3PU in function of the frequency, for temperature ranging from 270 K to 378 K. Two regions can be observed from the curves: one for which the conductivity is almost independent on the frequency in the low frequency range. This corresponds to a resistive behavior and is attributed to charge displacements (which corresponds to dielectric losses), (PU60)
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and another one for which the conductivity increases with the frequency and corresponds to almost purely capacitive behavior. The dc conductivity 𝜎 𝑑𝑐 -for each sample-is considered to be equal to the value of 𝜎 (𝑓) , at the lowest measured frequency f=10 -1 Hz in the present case, in the temperature range where the low-frequency plateau occurs. If this electrical conductivity 𝜎 𝑑𝑐 comes from ions flow, the corresponding current is driven by diffusion process, and as expected, the 𝜎 𝑑𝑐 increases with increasing temperatures. Such ions are probably impurities introduced during the polymerization process of polyurethane. In Fig. 10 both Arrhenius plots drawn either from the maxima of the 𝑀 ′′ peak or from log (𝜎 𝑑𝑐 ) -at f=10 -1 Hz and for all temperatures-versus reciprocal temperature are displayed for the three PU. Curves of Fig. 5a, 6a, and 7a were used for the calculation of the activation energy of ionic conductivity 𝐸 𝑐 , and τ0c [START_REF] Karabanova | Semi-interpenetrating polymer networks based on polyurethane and poly(2hydroxyethyl methacrylate): Dielectric study of relaxation behavior[END_REF][START_REF] Georgoussis | Dielectric studies of molecular mobility and microphase separation in segmented polyurethane[END_REF] and curves of Fig. 10 were used for the determination of Edc. As it can be in seen in Fig. 10, both curves have very similar slopes. Thus, as expected, the apparent activation energies measured from these two set of curves lead to same values. The results of the fitting procedure are listed in Table 3. It is worthy to notice that in the temperature-frequency window, the curves appear as straight lines and their slopes lead to the apparent activation energy of the conduction mechanism. As expected for each PU, the data lead to the same activation energy within the measurement uncertainty (see Table 3). It seems to be related in these polyurethanes to a conductivity of ionic type only. Furthermore this activation energy increases by increasing the weight fraction of HS Fig. 10. Two remarks have to be done. First of all, very long pre-exponential times such 0,0026 0,0028 0,0030 0,0032 0,0034 0,0036 as τ0c for PU75 are incompatible with a two wells relaxation model which are known to follow the Arrhenius law: their order of magnitude should be around the Debye time, i.e. 10 - 13 s. On the other hand, if the conductivity is governed by diffusion processes of the macromolecules, thus a VTF type behavior is expected. In the high temperature range and narrow frequency range, the VTF equation leads to almost linear curves. If this is the case, the extrapolation of such function to infinite temperatures has thus no meaning, and neither the pre-exponential time. This may explain the very high value for τ0c in Table 3 for PU75.

Moreover, it is noteworthy that the conductivity temperature dependence is almost the same for the 3 PU and relatively small. The 3 PU exhibits the same conductivity around room temperature. It is probable that the conductivity occurs mostly in the soft phase, and strongly depends on the presence of impurities which in turn should depends on the polymerization step. The diffusion processes are slower in PU60 because of its higher TgSD, which is consistent with a higher DC conductivity activation energy. However, this weak temperature dependence leads to the fact that for PU60, the DC conductivity strongly overlaps with the process.

IV. Conclusions

The purpose of this study was to provide as many pieces of information as possible on the dielectric behaviour of polyurethane frequently used for their rather strong electrostrictive properties.

In order to determine in which temperature -frequency domain they have their maximum efficiency, and minimum electrical loss, the relaxation maps have been determined for 3 polyurethanes of similar chemical compositions but containing different fraction of hard and soft segments. A particular attention has been paid (i) on one of their secondary relaxations (just below 𝑇 𝑔 of the soft phase) so-called -relaxation, (ii) on their -relaxation corresponding to 𝑇 𝑔 of the soft phase and (iii) on a relaxation which results from the conductivity. It is worthy to notice that the -relaxations behave in a very similar way for the 3 PU, and is probably associated to interactions of polar chain segments with residual water.

On the contrary, the -relaxation is very sensitive on the composition and shifts towards high temperature with increasing content of hard segments. Finally, the DC conductivity analysis through the study of the complex dielectric modulus shows that it is comparable for the 3 PU, and that probably most of its contribution comes from the soft phase, as it disappears for temperatures lower than Tg. For PU60, the overlap of the soft phase α process with the conductivity relaxation made impossible to determine with precision the characteristics of the -relaxation. The consequence is that losses come from both the  and the DC processes for PU60, which in turn would decrease its efficiency in energy conversion (both for actuation or energy harvesting applications). PU88 and PU75 show a better stability of the dielectric properties at temperatures above the ambient temperature, making them more suitable for energy conversion applications.

In order to optimize the composition of such materials, not only the dielectric behaviour must be analysed, but also their mechanical properties, as both behaviours are involved for energy conversion. Such mechanical analysis, performed on the 3 same PU is under study.

The relations between the dielectric, mechanical and electrostrictive properties in PU will also be discussed.
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 8 Fig. 8 log (τ) versus 1/T for α and β relaxations for the 3 PU.
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 9 Fig. 9 Real part of conductivity versus frequency measured at different temperatures.
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 10 Fig. 10 Arrhenius plot of conductivity relaxation, obtained from 𝑀 ′′ maxima (a) and from 𝜎 𝑑𝑐

Table 1

 1 Main physical properties of three studied polyurethanes.

		Composition	HS	Density	𝑻 𝒈𝑺𝑫	Tm	∆Hm
		MDI/BDO-PTMO	%wt	(g/cm 3 )	(K)	(K)	(J/g)
	PU75	PTMO2000	26	1.07	209	430-452	5.13
	PU88	PTMO1000	45	1.13	228	420-444	10.13
	PU60	PTMO1000	65	1.17	253	422-455	16.11

Table 2

 2 Parameters of Arrhenius equation (equation (2)) for the β-relaxation, and of VTF equation for the -relaxation (VTF equation, equation (3)). The parameters related to the αrelaxation could not be measured on PU60 because of the large conductivity.

	PU75	PU88	PU60

Table 3

 3 Parameters of Arrhenius equation (equation (2)) for the conductivity relaxation, Ec activation energy and τ0c pre-exponential relaxation time obtained from 𝑴 ′′ maxima (a) and Edc activation energy from 𝝈 𝒅𝒄 conduction measurements (b) (see Fig. 9).

	PU75	PU88	PU60
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