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The aim of this work is to develop a thermosensitive membrane allowing a temperature-controlled water vapour
permeability to enhance the comfort and the safety of firefighters. Membranes with different chemical structure were
synthesized from segmented polyurethane. The influence of the polyol type, its length and the hard segment content was
studied. These films were laminated onto nonwoven fabric in order to analyse the vapour water transfer mechanisms. Two
kinds of mechanisms were identified depending on the chemical structure as a bulk modification and a surface
modification, that change moisture management properties. The systems polyurethane-textile keep the properties of the
polyurethane film and show controlled water vapour permeability according to the temperature changes.
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1. Introduction

Thermal comfort is closely related to changes in physiological variables, such as skin and core temperature,
environmental factors such as humidity, air velocity, air temperature; the activity level of the individual, and clothing
properties, in which the insulation value of the fabric as well as the water vapor permeability play a main role [1]. The
term ‘thermal comfort’ refers also to the mind condition which expresses satisfaction with the thermal environment [2]
and it is closely related to clothing comfort. Thus, when it is provided by clothing, it is mainly affected by tactile
perceptions meaning sensorial comfort including warm-cool feeling of the fabric, moisture and thermal interactions
which influence the human perception [3]; and also related to the way clothing interacts with metabolic heat and
moisture dissipation, i.e. thermophysiological comfort. In hot environments, a large amount of moisture accumulates in
the garment and interferes with heat transfers by modifying thermal properties of the textile system [4]. This moisture is
responsible for hot steam burn injuries, which occur when moisture vaporises since it cannot diffuse outside the
garment and thus returns to the skin. This phenomenon is enhanced by energy storage due to the high insulation of the
system. After exposition to radiant heat flux, the system is cooling but heat transfers are still coming towards the skin,
which hinders skin cooling and promotes injuries even when the person is no longer exposed to heat. Thus, preventing
steam burn injuries is an important issue in the improvement of fire protective clothing and the safety of firefighters [5].

Thus, the use of smart textiles, and more specially a protective coating, is one of the possible ways to enhance
thermal comfort for firefighters to improve human thermoregulation by transmitting their metabolic heat and swear
vapor, and avoidance of burn injuries.

In this context, the development of fabrics for thermal protective clothing takes in account three main fabric
components, i.e. shell fabrics, thermal liners, and moisture barriers; which are used in combination to produce the
composite fabric [6]. Fabric moisture management is crucial in extreme activity conditions, and it appears that two
conflicting requirements compete each other, i.e. (i) protecting clothing which is required to prevent the body burning
from the external heat source; and (ii) an highly insulative protective layer that can shuts down the channels for sweat
evaporation and thereby the body’s release of heat stress. To improve it and to allow the dissipation of the sweat vapor
generated, moisture barriers have been mainly developed with a microporous or hydrophilic lamination/coating or a
membrane [7]. In this context, polymeric material can offer many concrete opportunities for the design of adaptive
layer, having the ability to transport water vapor and then yielding a microclimate in the garment complex.

Furthermore, it was found by Keiser et al. that the moisture content is mainly dependent on the textile complex
structure [8], and hydrophobic underwear, such as aramid, can transport the moisture to adjoining layers. And under
high heat flux, the water vapor accumulation inside the fabric and transmission toward firefighters’ skins may cause
steam burns [9]. Thus, water vapor permeability is one of the most main textile properties to protect against steam
exposure, and the presence of a membrane inside the textile complex reduces burn injuries by preventing steam
transfers [10].

Taking in account that a cooling effect is obtained when there is a negative water vapor pressure gradient, the water
vapor diffusion properties of the polyurethane thermosensitive membranes may be used for this kind of application [11].

Indeed, moisture is transferred by sorption, diffusion, and desorption in non-porous membrane, which is related on
the water molecules dilution and their subsequent diffusion due to a concentration gradient through it [12, 13].

Therefore, thermosensitive polyurethane membranes are recognized as smart material, according to the temperature
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range they present either good moisture barrier effect or higher water vapor permeability. Thus, Chen et al. have
observed that the WVP of finished leather increased by over two-fold from either side of the switch temperature [14].

This latter can be the glass transition temperature and the crystalline melting transition temperature of soft segment in
the polyurethane membrane [15]. Since, these materials can show microphase-separated structure, they can offer a large
range of physical properties according to the composition of soft and hard segments. The water vapor permeability can
be controlled by free volume, depending on the chemical composition, and hydrophilicity of membranes [16], and also
to the crystallization of soft segments and bulk modifications improving the diffusion property [5]. Beside, even if the
polyurethane membranes are not well organized, they can also show high swelling abilities or sorption capacity related
to the surface changes. Furthermore, it was also observed that the textile coated or laminated with polyurethane
membranes show significant transition in moisture permeability from either side of the switch temperature [17],
resulting from the smart permeability characteristics of the PU [18, 19]. As described by Lei et al. [20] water vapor
permeation occurs in two consecutive steps, i.e. (i) water vapor absorption and (ii) desorption, in which the hydrophilic
property of the membrane play the main role.

Driven the great application potential of polyurethane membrane, we aimed at developing thermosensitive coated
textile to improve fire fighter comfort and protection. In this contribution, three kinds of PU membranes were prepared
and applied onto an aramid nowoven fabric by compression molding. The synthesized membranes were characterized in
terms of moisture vapor transfer and related to their thermo-mechanical properties to determine the influence of the
formulation parameters on this behavior. And, the water vapor permeability of the three different PU coated fabrics
were investigated to evaluate the effect of the textile substrate on the temperature dependency of the moisture
management.

2. Experimental

2.1 Materials

Two polytetrahydrofurans (POTM) (2000 g.mol™), polycaprolactone diol (PCL) (2000 g.mol"), isophorone
diisocyanate (IPDI) 98%, dimethylol propionic acid (DMPA), triethylamine (TEA) and 1,4-butanediol (BDO) were
purchased from Sigma Aldrich and were used without further purification. The aqueous dispersion is obtained using
deionized water.

A 100% aramid nonwoven fabric (perforated needle-felt made of aramid microfibers), ISO’AIR® PER 4659, having
a surface weight of 60 g.m? density of 45 kg.m™ and a thickness of 1.23 mm and obtained from Duflot Industrie
(France) was used as textile specimen. It was conditioned for 48 h in the atmospheric conditions of temperature 20 + 2
°C and relative humidity 65 + 2% RH, before the various tests.

2.2 Polyurethane film synthesis

The synthesis is based on a two-step polymerization. The first step corresponds to the formation of a prepolymer from
two semi-crystalline polyols and an excess of diisocyanate. The second step corresponds to the chain extension. The
prepolymer preparation is carried out in a 250 ml four-necked round-bottomed flask equipped with a mechanical stirrer
and a nitrogen inlet. POTM (polyether-polyol) and IPDI or PCL (polyester-polyol) and IPDI mixture was heated to
80°C, and stirred for 1h under inert atmosphere at 300 rpm. Afterwards, DMPA was added and the reaction was carried
out at 95°C for 70 min. DMPA was used as an emulsifier that provides hydrophilic groups within the prepolymer
structure to improve its dispersion in water. The NCO-terminated prepolymer was dispersed in deionized water
containing TEA (1 equiv. per DMPA) at 28°C at high speed to produce the polyurethane dispersion, and BDO chain
extender was then added. The reaction proceeded for 70 min at 500 rpm. TEA was used to neutralize the carboxylic
group of the DMPA. This neutralization leads to the formation of an ammonium salt enhancing the stabilization of the
dispersion. Then, methanol was introduced to modify the end-groups and to block the residual NCO functions. The
corresponding polyurethane films were obtained by casting the dispersion into a Teflon mold, and drying at room
temperature for 24h, followed by drying at 60°C during one night. The obtained films were stored in a desiccator at
room temperature. Three formulations were chosen, and the resultant films were designated as X-polyoly, i.e. 17-
POTMyp0, 36-POTMygg9 and 36-PCL,g0, were X is the hard segments content (%), and Y, the molecular length of the
polyol (g.mol™) (Table 1).

Table 1 Composition of polyurethane films.

Samples Feed (x 10’ mol) HSC
Polyol IPDI DMPA TEA BDO (Wt%)
17-POTMaop_ 27.3 19.3 7.75 7.75 2.25 17
36-POTMapp _20.0 38.6 15.5 15.5 45 36
36-PCLogy 200 38.6 15.5 15.5 45 36
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2.3 Polyurethane complexes — dry heat lamination

The resulting polyurethane membranes were then applied on an aramid nonwoven by compression molding at 100°C,
between two PTFE plates, by using a Dolouets hydraulic press. They were pressed at 10 bars during 5 min, and were
finally cooled to room temperature under pressure.

2.4 Analytical methods

2.4.1 FTIR spectroscopy analysis

Fourier-transformed infrared spectroscopy (FTIR) studies were performed using a FT-IR Nicolet Nexus spectrometer in
the ATR mode. The number of scans per experiment was 128 and the resolution was 4 cm™. To put an interpretation on
a more quantitative basis, the deconvolution of the spectra using peakfit 4.0 software (Jandel, San Rafael, CA) in the
1800-1650 cm™ range into Gaussian peaks was used. Position, bandwidths, and amplitudes of the peaks were varied
until: (i) the resulting peaks had reasonable half-widths (<20-25 cm™), and (ii) good agreement between the calculated
sum of all components and experimental spectra was achieved (1*>0.99). The results of three independent experiments
were averaged.

2.4.2 Wetting measurement

Surface hydrophobicity and wettability of the samples were evaluated by contact angle measurements using a Digidrop
GBX contact angle meter equipped with a diffuse light source and a CCD camera at 25 frames per second. A droplet of
test liquid (6 pl) was deposited on the film, and the image was analyzed to determine the contact angle between the
liquid and the solid. The surface tension (y) of the films was obtained from a combination of the dispersive (y%) and
polar (y*) components of the surface tension. The three test liquids were water (y=72.8 mN/m, y*=21.8 mN/m, y*=51.0
mN/m), methylene iodide (y=50.8 mN/m, y*=48.5 mN/m, y*=2.3 mN/m) and dodecane (y=25.4 mN/m, y*=25.4 mN/m,
v"=0 mN/m). At least ten measurements were made with each liquid and the mean contact angle was used to calculate
the polar and dispersive contributions to the surface tension of the samples according to the Owens and Wendt method
with the referent liquids used [21]. The tests were realized at room temperature and after a conditioning at 60°C to
investigate the influence of the temperature on the surface tension of samples.

2.4.3 Thermal analysis

The thermal behaviour of the samples was recorded using a DSC 2920 TA instrument piloted on PC with TA
Advantage control software. Indium was used as a standard for temperature calibration. The analysis was conducted
under a constant stream of nitrogen at a heating rate of 10 °C.min”" in the temperature range from -20 to 200 °C.
Samples were placed in aluminium pans that were hermetically sealed prior to be placed on the calorimeter
thermocouples.

Thermogravimetric analyses were carried out using a TGA 2950 TA Instrument at a heating rate of 10 °C.min"'
under a constant stream of nitrogen. The weight of the samples used was kept around 10 mg in an open platinum pan.
The scans were performed at a temperature range from room temperature to 500 °C.

2.4.4 Evaporative dish method

Water vapor permeability (WVP) was measured using a DSL Atlas turning table by placing the samples on a 31.0 x 10
m? diameter flask filled with a predetermined amount of distilled water. Eight flasks were put on the turning table that is
placed at room temperature or inside a climate chamber regulated at 50 °C. Each flask was weighed after 1h and 16h of
conditioning. The water vapor permeability was determined from the Eq. (1).

WWP= G (1)
Axt
where G is the weight change in g, t is the duration of the test in days, A is the exposed film area (m?) and WVP is the
water vapor permeability (g.m-2.day™).
The sorption capacity of the polyurethane films was characterized by swelling G (wt-%) [12] that was calculated
from the mass uptake, m-m,, of the membrane at the equilibrium and the mass of the dry polymer m, (Eq. (2)).

Gwt-%)=""" + 100 (2)
m,

3. Results and discussion

3.1 Structure of the polyurethane films
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Fig. 1 FTIR spectra of 36-POTM,qg9 and 36-PCL.
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Structure of the obtained polyurethane films was analyzed by ATR-IR method, the spectra of 36-POTM2000 and 36-
PCL2000 are shown in Figure 1. The characteristic absorption peaks of urethane groups were observed at 1730 cm’™
(C=0 stretching) and 1650 cm™ (hydrogen bonded amide I). The absorption band at 1102 cm™ was attributed to the
ether groups of the soft segments. The isocyanate (-N=C=0) absorption band at 2270 cm™ and the —OH large
absorption band at 3300 cm™ that belongs to the diisocyanate and the polyol were not present, this suggested that the
reaction was completed. The shoulder at 1040 cm™ was attributed to the C-O stretching of the DMPA. The absorption
bands at 1235 cm™ and 1305 cm™ were assigned to the amide group. The stretching vibrations of the -CH; and -CH,
groups appear at 2923 cm™', 2853 cm™, 1365 cm™ and 1460 cm™. N-H bending and C-N stretching at 1540 cm™, 1305
em™ and 1235 em™ were also detected. Furthermore, it was distinguished on the two spectra the presence of polyurea
stretching vibration bands at 1500-1400 cm™ and 1050-1000 cm™ overlapped with C-O of DMPA. The presence of the
absorption band of the carbonyl group at a range of 1660-1625 cm™ was related to a side reaction to form urea related to
the reaction with water during the chain extension reaction step, even if it was limited due to the protection of the
polymer particles by hydrophilic moieties in the particle outer part. Hard segments were formed from the diisocyanate
and the chain extender, and were the same for all the polyurethane films. The difference in the intensity of the peaks
attributed to the soft and hard segments was ascribed to the influence of the kind of polyol used. The absorption bands
at 1715 cm™ and 1695 cm™ were related to amorphous conformation of hydrogen bonding and crystalline conformation
of hydrogen bonding [22], respectively.

3.2 Thermal properties of the laminated textiles

Polyurethanes display several thermal transitions, in which the soft phase shows glass and melting transitions when they
are semicrystalline, and the hard phase may present multiple melting transitions depending on its content. Endothermic
phase transitions disappear during the second heating cycle, except for the 17-POTM,9 complex. Thermograms are
similar to those of membranes alone [23]. The characteristic temperature, Tr,, of the 36-PCLyy film is 42°C, and
increases up to 46°C after heat lamination, due to the reorganization of the macromolecular chains at 100°C. The
temperature of 17-POTM,q is lower when it was laminated, i.e. 21°C and 38°C for the coated textile, compared to
48°C for the raw film. Furthermore, it was also noted that this lower Ty, was related to the sticky behaviour of this
sample after lamination process. The sample organization of flexible segments was unchanged for laminated textiles
compared to raw films.

“4-17-POTM ,,,,  =O-36-POTM ,

Fig. 2 TG and DTG curves of laminated textiles with
17-POTM2000, 36-POTM2000, 36-PCL2000, and pristine
fabric.
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Thermal degradation of polyurethane occurs in two steps with a complex mechanism due to the formation of various
products during the heating process. Thus, the early degradation step is related to the hard segments which generally
starts at about 200°C, and the soft segment one occurs at higher temperature and is responsible of the second step. The
presence of multiple peaks on the DTG curves is mainly related to the interactions between the thermal degradation
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process of hard and soft segments. TG and DTG of the textile and laminated textiles are shown in Fig. 2. In inert
atmosphere, pristine fabric undergoes single stage degradation between 400 and 500°C and leads to the formation of a
condensed residue about 85 % of the initial mass. The degradation of the two laminated textile samples with the higher
hard segment content occurs in a double stage, i.e. (i) from 280 to 360 °C, and (ii) from 360 to 450°C. Sample based on
17-POTM, has a single degradation step with a maximum degradation rate about 410 °C, related to the interactions
between soft and hard segments due to their reorganization during the heating process. Therefore, soft and hard segment
cannot segregate and form separated independent domains. Furthermore, its HSC value is probably too low to induce
the formation of hard domains and promote phase separation. The effect of the chemical composition of the polyol used
on the thermal stability of the laminated samples, 36-POTM,go9 and 36-PCLyqq, is relatively low until 350°C, on the
other more interactions between hard and soft segments, detected with the presence of multiple peaks on the DTG
curves, contribute to enhance the thermal stability of the sample laminated with 36-PCL2000 at higher temperatures in
regard to the other sample.

3.3. Thermosensitivity properties
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Water vapor permeability and swelling ratio (Fig. 3) were measured to determine the influence of the chemical
composition of the polyurethane samples on the behavior of the laminated textile. The WVP value of each laminated
textile sample is temperature dependent, since it increases with the increase of temperature. Nevertheless, the increasing
trend is quite different between the POTM-based polyurethane series samples due to their hard segment content, and
between the polyester- and polyether-based polyurethane. The water vapour permeability of the pristine fabric (1200
g.m™.d") textile at room temperature is higher than that of the laminated samples. The membranes are poorly breathable
at room temperature, creating a high vapour pressure gradient to promote the diffusion of moisture above the transition
temperature of the polyurethane membrane. The water vapour permeability of the 36-POTM,qoy laminated sample is
higher than that of the other two membranes. At room temperature, it is lower for complexes, which can be explained
by the presence of textiles. It can also be denoted that the membrane in WVP between the raw film and the laminated
sample based on 36-POTM,qy membrane has the most higher difference between the kind of morphology [5]. The post-
treatment at 100°C was able to rearrange the polymer chains, modifying the volume free, which varies the vapour
permeability. This result can also be explained by by the appearance of the complexes, i.e. the surface complexes have a
permeability to the higher water vapour than core complexes.

At 25°C, both samples are in the glassy state and the WVP of each sample shows a very low value. Furthermore, the
WVP of 36-POTMy textile sample is slightly higher than the other samples, this can be related to the increase of free
volume just before the crystal melting point. The higher degree of crystallinity of soft segment for 17-POTM,q limits
the water vapor transport, and therefore its WVP value is lower. Above the soft segment crystal melting point (50°C),
free volume increases that enhances the WVP. The sensitivity of WVP to thermal stimuli is greater for nonwoven
coated with 36-POTM,, than for the two others laminated fabrics. The phase separation of the polyurethane film is
one of the parameters governing the WVP behaviour. Thus, for samples laminated with 17-POTM,q5 or 36-PCL,q0
films, as low phase separation polyurethane, the measured WVP are lower than the 36-POTM,g one at 25°C and at
50°C. This result is also related to the influence of free volume on the degree of phase separation. Furthermore, the
increase in WVP with increasing hard segment content is due to a greater mobility of the soft segments. Since, the water
vapour permeability is also related to the existence of a sufficient free volume and hydrophilicity of the samples [24], it
is interesting to note the sample based on 36-PCLyy has a lower WVP value than the sample based on 36-POTM .
This difference can be due to the presence of carboxylic group in the first sample, which induces strong interactions
between the polymeric chains and the water vapor molecules, and therefore reducing the permeability. Moreover, the
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difference between WVP values at room temperature and 50°C is higher for the 17-POTM,4 and 36-POTM,no
laminated fabrics than for 36-PCL,q, which denotes their higher thermosensitivity. Therefore, since during the phase
transition from a well-organized state to an amorphous state, the free volume changes induce the increase of WVP,
which is consistent with the enthalpy changes determined by DSC. Furthermore, the phase separation of the
polyurethane samples also influences the WVP behavior. Thus, the WVP values of the samples having no or low phase
separation such as 36-PCLy is lower than the 36-POTMyqgy one at 25°C. This result is also related to the influence of
free volume on the degree of phase separation.

3.4. Mass transfer mechanisms

Mass transfers in non-porous membranes occur by sorption-diffusion-desorption [25]. The swelling ratio, depicted in
Figure 3, corresponds to the ratio between the swelling at 50°C and at room temperature. Higher swelling ratio was
calculated for 17-POTM,g0, which exhibited weak melting transitions that may be related to the sorption increase in
amorphous structure [26]. The water swell decreases as the hard segment content at 25°C increases. This seems to be
due to the decrease of hydropholicity, which reduces the solubility of water vapor molecule (Table 2).

Table 2. Comparison of water swelling of POTM,gy based polyurethane and PCL,y, based polyurethane.

Sample Water swelling (%) ratio

25°C 50°C 50°C/25°C
17-POTM,000 1.7 3.7 1.2
36-POTM,000 3.6 24 -0.3
36-PCL,g00 6.3 6.8 0.1

Moreover, when the temperature was 25°C, macromolecular chains of both samples, excepted 17-POTMyq are in a
glassy state, and as described by Shi et al., the average radius of free volume was too small to allow sufficient water
vapor penetration [27]. Therefore, lowest water swelling values were obtained. The presence of carboxylic groups in the
36-PCL,g laminated sample induces a strong interaction between polymer chains and water vapor molecules, thus its
water swelling is higher than the 36-POTM,yy, one. The decrease or the weak increase of swelling with increasing
temperature for the samples labelled 36-POTMyg9 and 36-PCLy, cannot be related to the change from the glassy state
to the rubbery one, there the enhancement of free volume does not allow the water penetration due to the lamination
with the textile. The difference in swelling ratio between the various fabrics denotes that the sorption property is
influenced by the composition of the polyurethane and the temperature. This behavior is quantified by the contact angle
measurements (Table 3).

Table 3. Effect of temperature on surface energy (y) of solid samples by Owens and Wendt method and their polar and dispersive
components

Sample 25°C 60°C
! Y y ! g y
(mN.m™) (mN.m™) (mN.m™) (mN.m™) (mN.m™) (mN.m™)

17-POTMogo _ 30.5 (#4.4) 3.2 (£1.9) 337 (£3.3)  342(¥33) 2.5 (£1.1) 36.6 (£2.1)

36-POTMagy 348 (£1.4) 5.0 (£1.7) 398 (20.9) 324 (£2.0) 7.5 (£2.4) 39.8 (£1.5)

36-PCLagoo 202 (£9.7) 142 (£174) 434 (£8.7)  342(¥3.7) 83 (£3.4) 42.4 (£1.7)

The hard segment content modifies not only the bulk polyurethane but also its surface [28]. Indeed, when microphase
separation occurs, reorganization of soft segments in the film leads to promote a more hydrophobic surface, in the same
time the polar component for the samples 17-POTMyy and 36-PCLyyo decreases. Furthermore, the dispersive
component increases with temperature, excepted for sample based on 36-POTM,yy, which implies that molecular
packing increases due to microphase separation. This phenomenon is intensified at the transition temperature by the
higher mobility of the soft segments.

Characterization of laminated polyurcthane nonwoven textile presented in this study emphasizes two types of
mechanisms. On the one hand, 36-POTM, exhibits a low endothermic transition, which means that its soft segments
are not sufficiently organized. The surface energy related to state surface modification varies few according to the
temperature. Nevertheless, the high swelling ratio induces the increase in surface sorption, which suggests a change in
the bulk with rising temperature. On the other hand, 17-POTM,q¢ and 36-PCLyg contain well-organized soft segments
with surface modification. The WVP of these two laminated samples are lower the other one as well as the difference
between the WVP measured at room temperature and at 50°C. In this case, the water vapor diffusion of the
polyurethane laminated samples is related to the changes at the surface with rising temperature. The crystallization of

93



Polymer Research: Communicating Current Advances, Contributions, Applications and Educational Aspects

the soft segments is a key parameter governing this behavior. Furthermore, the mobility of the no-crystallized soft
segments allows bringing some surface changes. Therefore, these latters contribute to the sorption of the laminated
textiles, and the moisture diffusion is enhanced.

4. Conclusion

The mechanical properties of the laminated nonwovens increase with the presence of the polyurethane film, and their
water vapour permeability properties depends on the temperatures related to the possibility of microphase separation
between room temperature and 50°C. The switch in temperature also causes a change in the surface energy of the
samples. Thus, for the samples labelled 17-POTM,09 and 36-PCL,gg laminated fabrics, the dispersive component
increases while their polar one decrease, for the 36-POTMy it is the opposite. These results also suggest two kinds of
mechanisms, i.e. one is related to the surface change, the other one is due to the macromolecular chains reorganisation
during the process.

Polyurethane membranes with a rigid segment content about of 36% present a surface aspect allowing their use in a
textile structure. The laminating of polyurethane films, on the surface or in the core of the non-woven backing, limits
the swelling ratio between 25 and 50°C, thus promoting vapour permeability. In addition, in the case of ether polyol
(36-POTMyg9), the complex has a higher WVP than the raw film. The polar component of this complex increases at
50°C, which makes its surface more hydrophilic. The presence of the textile reduces the swelling ratio, which promotes
vapour permeability. The reorganization of the macromolecular chains of the 36-PCL,4y laminated sample following
thermal post-treatment increases its Tr, to 46°C and the mechanical properties provided by the textile are better than for
the film. This WVP is similar to that of the film, whatever the temperature, although slightly lower, this which results
from the reorganization of the chains. The WVP values are about 113 g.m™2.day™ at 25°C and 539 g.m™.day" at 50°C.
The surface of this laminated textile becomes hydrophobic to this last temperature, which can promote the diffusion of
moisture to the outside.
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