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1. Introduction  
 

1.1 Aim and tasks 
Functionalization of textiles has been the aim of many studies in the field of 
intelligent materials. Biomimesis (lotus, pinecone effect etc.), adapting 
informatics to textile production (integration of computer-controlled electronic 
sensors), creating new fibres either natural or synthetic (algae biocomposite, 
ferroelectric polymeric etc.) and convergence of opposites (e.g. hydrophilic with 
hydrophobic materials) are some of the approaches used for textile 
functionalization [1-5]. This research focuses on a novel approach for 
developing advanced textile materials with biopolymer-based functionalities: the 
use of a hydrophilic stimuli-responsive system based on polyelectrolyte 
hydrogels for the surface modification of hydrophobic polyester fabrics. The aim 
was to render textiles responsive to external stimuli such as pH and 
temperature changes, without affecting dramatically their good intrinsic 
properties (e.g. mechanical strength). This research involved the following 
tasks: preparation of surface modifying systems (hydrogels) based on 
specifically selected polymers; characterization of the surface functionalization; 
and study of the new functionalities imparted to the textile, expressed as 
pH/thermo-responsiveness of the material.  

 
1.2 Preliminary work 
Prior to the study presented here, extensive tests were performed with different 
hydrogel types and on different textile substrates, the results of which led to the 
final selection of an appropriate polymer and textile substrate combination. In all 
cases, the pH-responsive biopolymer chitosan and the thermo-responsive 
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polymer poly(N-isopropylacrylamide) (PNIPAAm) were used for the hydrogel 
preparation. The tests included: a) chitosan macro-hydrogels (bulk) with 
PNIPAAm, in the form of Interpenetrating Polymer Networks (IPNs) for the 
surface modification of cotton [6]; and b) chitosan macro-hydrogels (bulk) with 
embedded microparticles of the pH/thermo-responsive co-polymer poly(N-
isopropylacrylamide-co-acrylic acid) (P(NIPAAm-co-AA)) for the surface 
modification of polyamide 6,6 fabric [7]. In the first case, crosslinking throughout 
the hydrogel polymer network was based on physical entanglements of the 
macromolecular chains and hydrogel attachment on cotton was of physical 
nature, achieved using a pad-dry method [6]. In the second case, crosslinking 
within the hydrogel network was achieved through electrostatic interactions 
between positively charged chitosan and negatively charged P(NIPAAm-co-
AA); attachment of the hydrogel on polyamide fabric was of chemical nature, 
achieved through the natural compound genipin which was used as a 
crosslinker between the primary amine groups of chitosan and polyamide [7]. In 
both cases, it was concluded that the stimuli-responsiveness of the 
functionalized textiles, expressed as water or moisture uptake/loss at different 
pH and temperature values, was not as pronounced as expected. In fact, 
substrate interference was so high that hydrogel contribution to the water 
uptake was not possible to determine with accuracy. In other cases (mostly with 
cotton trials), the modification gave even opposite effect than expected, i.e. it 
turned the fabric more hydrophobic than hydrophilic. Moreover, it was observed 
that the original macroscopic properties of the tested textiles, i.e. of cotton and 
polyamide, deteriorated. For example, the bulk chitosan hydrogels formed a 
continuous relatively thick coating layer on the textile surface, as a result of 
which the functionalized textiles became stiffer, almost paper-like in texture, and 
their handle much harsher.  

 
1.3 New approach 
Based on the above data, it was decided to re-orient research from bulk 
hydrogels to microgels (i.e. hydrogels in the form of microparticulate 
suspension) consisting of polyelectrolyte complexes between chitosan and 
P(NIPAAm-co-AA). Microgels are known to have a faster response to external 
stimuli [8] and their specific surface area is much bigger compared to a bulk 
system [9], i.e. more surface modifying material and therefore more functional 
groups become available per unit area of textile. Polyester was chosen as the 
most appropriate substrate because its high hydrophobicity, compared to cotton 
and polyamide, was expected to allow the microgel effect to show. In other 
words, higher values of water/moisture uptake were expected compared to the 
previous tests, and a more apparent responsiveness to pH and temperature 
changes. Moreover, poly(ethylene terephthalate) (PET) was the chosen 
polyester type and since it is a synthetic polymer, higher homogeneity and less 
impurities of the substrate surface (e.g. compared to cotton) were advantages 
for controlling the surface modification. Finally, to test and confirm the polyester 
functionalization and pH/thermo-responsiveness, the path of wettability 
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measurements was chosen, instead of water uptake (weight) measurements 
that were previously the main tool.  

 
2. Polyelectrolyte microgels as surface modifying systems  
 

Taking into account that in this framework textile modification and 
functionalization were not targeted via novel processing techniques, e.g. 
weaving or new fibre production, choosing a chemically appropriate finishing 
was the key parameter to achieve the goal of stimuli-responsive polyester. For 
this reason, a novel approach for using chitosan was engineered in order to 
avoid the bulk hydrogel formation and at the same time avoid the chemical 
modification (e.g. copolymerization) of its macromolecules. As mentioned in the 
introduction, this approach involved the formation of polyelectrolyte complexes 
(PECs) between positively charged chitosan macromolecules and the 
negatively charged P(NIPAAm-co-AA) microparticles (referred to for the rest of 
the text as “M”).  
Keeping in mind that textiles for biomedicine or clothing were mainly the target 
of functionalization, the particular combination of the three components 
suggested here (chitosan, poly-NIPAAm, acrylic acid) had triple purpose; to 
prepare a surface modifying system pH-responsive in the entire physiological 
pH range (4.5-7.5); to prepare a thermo-responsive system with a 
volume/phase transition temperature as much as possible close to the human 
body temperature; and to maintain after preparation the desirable intrinsic 
properties of each component. PEC hydrogels seemed to fit perfectly the above 
profile. They resemble physiological substrates and therefore are extensively 
used in biomedicine as e.g. drug carriers, they form very strong networks with 
reversible electrostatic links (which could also be used for the polyester surface 
charge management), they are versatile in terms of composition, shape and 
stimuli-sensitivity, they are easy to prepare, and each of their components 
keeps its individual characteristics [10, 11].  
Indeed the three components used for the PEC formation were chosen for their 
particular properties; chitosan, because it is an amine-rich pH-responsive 
biopolymer, abundant in nature and therefore inexpensive, biocompatible and 
with good bacteriostatic properties [12]; NIPAAm, because in its polymer form it 
is the most widely investigated thermo-responsive material with a Lower Critical 
Solution Temperature (LCST) at 32ºC [13]; and acrylic acid, because owing to 
its carboxylic groups it renders its co-polymer with NIPAAm pH-responsive, too. 
Also, because it is a reagent with which textile industry is familiar and because 
in its polymer form it is widely used in superabsorbent materials [14]; therefore it 
was expected to contribute to better moisture management properties of 
polyester.  

 
2.1 Microgel preparation  
M microgel was prepared according to a surfactant-free co-polymerization 
method yielding negatively charged P(NIPAAm-co-AA) microparticles [15]. The 
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amount of crosslinker and of the two monomers was thoughtfully chosen in 
order to achieve low to medium crosslinking extent and at the same time affect 
the co-polymer hydrophilic/hydrophobic balance in such a way that its LCST is 
raised from 32 (pure PNIPAAm) to around 36ºC. For the first reason, it is known 
that high crosslinking density results into more rigid hydrogel structures and 
also hinders hydrogel swelling [16]; therefore it was avoided. For raising the 
LCST, the reason was to make it approximate more the average human body 
temperature (37.0ºC), taking into consideration that each body part differs in 
temperature but also that skin layer temperature can vary depending on body 
action and environmental conditions.  
After extensive dialysis of the M microgel for removing any unreacted 
monomers, complexation of P(NIPAAm-co-AA) microparticles with chitosan of 
95% deacetylation degree (Chitoclear, Primex) was achieved by adding M 
microgel to a 0.2% w/v chitosan solution at a ratio 1:2.5 under intense stirring 
(new microgel formed referred to as “CM”) [17, 18]. Chitosan was chosen to be 
in abundance in order to possibly bridge microparticles by electrostatically 
attracting them to the multiple cations of its macromolecular chains but at the 
same time prevent their aggregation (after charge compensation) by providing 
an excess of positive charges. However, chitosan excess was kept to a limit in 
order to avoid bulk gel formation or an increase in the suspension viscosity.  
 

 
 

Figure 1. Rheological determination of the complexation (entanglement) 
concentration of chitosan.  

 
Indeed, rheological measurements showed that the chosen 0.2% w/v chitosan 
concentration was the only one in a range from 0.01-1.2% w/v that did not alter 
the microgel viscosity (data not shown), as that would effect the water diffusion 
and therefore the swelling/shrinking of the microparticles [19]. Also, from shear 
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rheology measurements performed with an Anton Paar bulk rheometer and 
according to the protocol described in Hwang et al. (2000) [20], the 
complexation concentration of the particular type of chitosan used in this study 
was determined, as shown in Figure 1. That concentration was found to be 
0.6% w/v which means that above that value, the polysaccharide chains begin 
to entangle forming a continuous physical network. It also means that the 0.2% 
w/v chitosan chosen for this study is far below that value and therefore the bulk 
gel formation is avoided, as explained above.  

 
2.2 Microgel properties and characterization 
 

  
 (a) (b) 

  
 (c)  (d) 

 
Figure 2. SEM images of: a) microparticles M dried at 20ºC and 65% RH; b) 

microparticles M dried at 50ºC and 65% RH; c) suspension of CM complexes 
dried at 20ºC and 65% RH; d) suspension of CM complexes dried at 50ºC and 

65% RH. 
 

Microgels M and CM were characterized by Differential Scanning Calorimetry 
(DSC) for determination of the LCST, with high resolution Scanning Electron 
Microscopy (SEM) for their surface morphology and also for evaluation of the 
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particle/complex size in dry state, with Dynamic Light Scattering for the 
particle/complex size in wet state (pH 5), with ζ-potential measurements for 
determination of the electrophoretic mobility at different pH and temperatures, 
and with potentiometric titrations for determination of the polyelectrolyte zero-
point. It is important to note that based on previous experience, it was decided 
to study each stimuli effect (pH, temperature changes) on the microgel (and 
later on polyester) responsiveness separately for a better understanding of each 
mechanism.  
DSC analysis performed as described in Glampedaki et al. (2009) [7] 
determined the M microgel LCST to be 35.6ºC, which upon chitosan addition 
(CM microgel) shifted to 35.8ºC. This slight increase is attributed to the dilution 
factor when 1 volume of M microgel is mixed with 2.5 volumes of chitosan 
solution. To characterize the surface morphology of the particles/complexes, 
SEM images were obtained as shown in Figure 2. To test at the same time the 
thermo-responsiveness of these particles and to estimate what their size would 
be in dry state, M and CM aliquots were placed on silicon wafers and were air-
dried at 20ºC-65% RH and 50ºC-65% RH. This would give a better insight of 
what size to expect on dry textile fibre. As shown in the SEM images (Figure 2) 
but also in Table 1, the M microparticles are of approximately 700 nm and they 
undergo about 20% shrinkage above their LCST in dry state. CM complexes 
have a slightly smaller size at 20ºC-65%, which is expected due to the 
electrostatic attraction forces which contract their structure. However, their 
shrinkage is 10% higher than that of M particles. To compare with their wet 
state diameter size, DLS measurements performed with Malvern Nanosizer 
gave sizes of about 1 μm for both M and CM in swollen state (pH 5) and 50% 
shrinkage above their LCST in wet state (Table 1). From the same set of 
measurements it was confirmed that the CM complexes remained quite uniform 
in size both at 20 and at 40ºC with polydispersity indices of 0.208 and 0.297, 
respectively.  
 

Sample Diameter (nm) 
Wet state (DLS) 20ºC 40ºC Shrinkage (%) 
M 944 ± 89 437 ± 25 53 
CM 968 ± 39 498 ± 42 49 
Dry state (SEM) 20ºC 50ºC Shrinkage (%) 
M 656 ± 24 541 ± 49 18 
CM 629 ± 34 462 ± 34 27 

 
Table 1. Temperature-dependence of the M and CM size in wet and dry state.  

 
Potentiometric titrations performed with a Mütek Particle Charge Detector 
(PCD-03, BTG) over the pH range 3-10 and with NaOH 0.1N as titrant showed 
that the equivalence point for chitosan used in this study is 6.33, for the M 
polylelectrolyte particles 3.40 and for the CM complexes 5.97. From these data 
it is expected that the CM total charge will shift from positive to negative values 
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within the physiological pH range 4-7, which was a desirable property and 
further supports the choice of the particular components and ratios. The 
expected pH-dependence of both M and CM surface charge was also tested 
with ζ-potential measurements at temperatures below (20º) and above (40º) the 
LCST as shown in Table 2. For polyelectrolyte complexes the electrophoretic 
mobility is a more appropriate parameter than ζ-potential values and as shown 
temperature does not seem to affect it neither in the case of M nor in the case 
of CM. 

 
Electrophoretic mobility (m2 s-1 V-1) 

M CM Buffer 

20ºC 40ºC 20ºC 40ºC 
pH 4 -0.21 ± 0.07 -0.37 ± 0.11 2.19 ± 0.34 2.77 ± 0.23 
pH 5 -0.92 ± 0.15 -1.21 ± 0.13 1.55 ± 0.09 1.81 ± 0.08 
pH 6 -1.09 ± 0.13 -1.46 ± 0.06 0.00 ± 0.08 0.10 ± 0.04 
pH 7 -1.21 ± 0.08  -1.44 ± 0.09 -1.05 ± 0.22 -1.41 ± 0.12 

 
Table 2. Temperature and pH dependence of the M and CM electrophoretic 

mobility.  

 
3. Microgel incorporation into the polyester-fibre surface-layer  
 

Having characterized the pH- and thermo-responsiveness of the CM microgel 
and having confirmed that both these effects are taking place within 
physiological temperature and pH range (as it was wished for their application 
on fabrics) a protocol was established for their incorporation into polyester fibre 
surface layer. After several trials on different reagent amounts and experimental 
conditions, a method for using UV irradiation was employed [17, 18].  
 

  
(a) (b) 
 

Figure 3. High resolution SEM images of: a) warp yarns, and b) weft yarns of 
functionalized polyester fabric (PET RCM).  
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The presence of CM complexes on the polyester fibre surface was visually 
confirmed by SEM, as shown in Figure 4. Circular formations of less than 1 μm 
were observed on both warp and weft filaments, rather uniformly spread on the 
fibres.  
 

Sample C1s (%) N1s (%) O1s (%) N/C O/C 
R 73.20 - 26.80 - 0.36 
RCM 73.98 4.14 21.88 0.06 0.30 

 
Table 3. Polyester surface elemental analysis (atomic concentration (%) and 

atomic ratio) determined by X-ray Photoelectron Spectroscopy.  
 
The chemical surface composition of functionalized polyester was analysed by 
XPS [17, 18] and the obtained data are shown in Table 3. Nitrogen presence on 
the polyester fibres at approximately 4% was confirmed and attributed to the 
multiple amide bonds of P(NIPAAM-co-AA) but also to the chitosan amine 
groups. However, no distinction between the two sources could be made solely 
by these results.  

 
4. Functionalized polyester-textile characterization  
 

4.1 Surface, physical and physico-chemical properties of polyester  
After confirmation of the CM complexes on the fibre surface of the 
functionalized polyester, some of its properties were tested in order to control to 
what extent the modification altered them. For that reason, electrokinetic 
analysis for streaming potential measurements were performed using an Electro 
Kinetic Analyzer (EKA, Anton Paar) and according to the procedure described 
in Stawski et al. (2009) [21].  
The results are shown in Figure 4. The sigmoidal curve of the ζ-potential vs. pH 
values of the functionalized polyester (RCM), compared to the reference (R), is 
another clear indication that CM complexes on the polyester fibre surface. As in 
the case of the complexes themselves, polyester RCM appears to have 
isoelectric point at around pH 6, so again within the physiological pH range 
which was the target. This also means that pH-responsiveness is indeed 
expected from the functionalized polyester.   
 

Sample Whiteness index (CIE) Yellowness index (ASTM 313) 
R 81 ± 1 0.4 ± 0.1 
RCM 70 ± 2 3.2 ± 0.3 

 
Table 4. Whiteness and yellowness index of reference (R) and functionalized 

(RCM) polyester fabric.  
 
The whiteness and yellowness indices of the polyester fabrics were also 
measured using a portable reflectance spectrophotometer (SpectroEye, X-Rite) 
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and the values obtained were the average of five measurements of double-
folded (four layers) samples. The results are presented in Table 4.  
 

  
Figure 4. ζ-potential changes of reference (R) and functionalized (RCM) 

polyester fabric with pH.  
 

It is evident that whiteness of polyester decreases by 10 units and yellowness 
increases by almost 3. Two parameters can account for these effects; the UV 
irradiation, even though of low wavelength (254 nm), which may cause 
degradation of polyester, and the mere presence of chitosan, the solutions and 
gels of which are by nature coloured yellowish. Even though chitosan is used in 
a solution of as low a concentration as 0.2% (for reasons explained above), and 
even though visual inspection of the polyester samples does not show sever 
differences, spectrophotometrically it was proven otherwise. 
 

Sample CRA (º) Warp CRA (º) Weft 
R 133 ± 7 142 ± 2 
RCM 128 ± 8 135 ± 3 

 
Table 5. Crease recovery angle values of reference (R) and functionalized 

(RCM) polyester fabric.  
 

Finally, crease recovery angle was measured in both warp and weft directions 
according to ISO 2313/AATCC Test Method 66-2003. Samples were pre-
conditioned at 20ºC-65% RH in a climatic test chamber (Thermotron 3800, 
Climatronix). The results obtained are shown in Table 5. One of polyester main 
good properties is resistance to wrinkling. Unfortunately, the functionalization 
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procedure proposed in this study has not left this characteristic unaffected, as a 
4-5% decrease was observed in the crease recovery angle in both warp and 
weft directions. Better insight to an optimized protocol could be given with 
multiple trials with different CM microgel add-ons and repetition of the 
physical/chemical characterization.  

 
4.2 Wettability evaluation  
Wettability of surfaces is generally influenced and controlled by two key 
parameters; the surface chemistry and the surface roughness. So far, the 
former was characterized for the functionalized polyester under study, and it 
was shown that indeed there are hydrophilic moieties introduced to the 
polyester surface. In this paragraph the effect of these moieties on the 
wettability of the fabric is explored in terms of water/buffer drop total absorption 
time, fabric topography, water vapour transfer and moisture sorption-desorption 
measurements. In fact, as mentioned in the introduction, wettability is used in 
this study as an expression of the pH- and thermo-responsiveness of the 
functionalized polyester.  
 

 
 

Figure 5. Dynamic wetting curves (drop volume vs. time) of reference (R) and 
functionalized (RCM) polyester fabric.  

 
In Figure 5, the dynamic wetting curves of polyester R and RCM are presented. 
They were obtained by dynamic contact angle measurements using the sessile 
drop technique on a FibroDAT 1100 device (Fibro Systems AB) and according 
to the protocol described in Dutschk et al. (2003) [22]. It is shown that 
functionalized polyester (RCM) exhibits almost five times faster absorption of a 
water drop (13 μL) than reference polyester. It is also indicated that both 
samples (R and RCM) follow similar wetting regime (first part of the curve) but 
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water spreading and finally penetration into the functionalized polyester is 
faster. Using buffer solutions of pH 4-8, the same type of curves were drawn 
and from them the total absorption time for each sample and at each pH was 
determined. The results are presented in Table 6.  

 
Total absorption time (s) 

Solution 
R RCM 

Water  65.0 ± 13.0 12.5 ± 1.6 
Buffer pH 4 52.0 ± 9.8 7.9 ± 1.5 
Buffer pH 6 44.9 ± 18.0 4.6 ± 1.9 
Buffer pH 8 40.0 ± 4.4 4.6 ± 1.7 

 
Table 6. Total absorption time determined by the sessile drop method at 

different pH values for reference (R) and functionalized (RCM) polyester fabric.  
 

As it can be seen, the higher the pH, the lower the total absorption time for both 
samples. However, in the case of RCM the time decrease is almost double 
compared to R, ranging from almost 36-64% compared to 20-38%, respectively.  
It is perceived that the P(NIPAAm-co-AA) microparticles are the ones 
undergoing swelling when they come in contact with the water drop and that 
chitosan facilitates the water attraction towards them. Therefore, at pH 4 where 
chitosan is highly protonated the total absorption time decreases but not as 
much as at higher pH where the P(NIPAAm-co-AA) microparticles become fully 
ionized (see equivalence point determination in paragraph 2.1).  

 
Arithmetic roughness, Ra (nm) 

Condition 
RCM Warp RCM weft 

Dry 14 36 
Buffer pH 4 22 29 
Buffer pH 6 39 28 
Buffer pH 8 55 59 

 
Table 7. Micro-roughness in the warp and weft direction for functionalized 

polyester RCM in dry state and at different pH values.  
 

To confirm this assumption, confocal microscopy was employed for profiling 
RCM fibres in dry state and after wetting them with buffer solutions of pH 4-8. It 
was possible to observe the same spot of the fibre by placing the specimen on 
a glass plate which was glued on a holder to avoid displacement. 
Measurements were performed using the Nanofocus confocal microscope 
(Nanofocus µsurf explorer system, Spectra services). Even though only 
indicative, the derived data on the fibre arithmetic roughness (Ra, Table 7) at 
different pH confirms the increased swelling (resulting in increased fibre 
roughness) of the microparticles as pH increases. This is in correlation with 
capillarity data reported elsewhere [17] which showed that wicking was faster 
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for polyester RCM compared to R owing to increased capillarity but at the same 
time the contact angle also increased, indicating increased fibre roughness. 
However, in Table 7 a discrepancy is observed for the weft filament but this may 
be attributed to non-uniform deposition of particles on it compared to warp 
filament.  
 

Topographic parameters R RCM 

Fabric dimensional change  
(calculated from the distance between yarns)

0.00% 9.71% (relaxation) 

Waviness, Wmax (μm)  115 82 
Inter-yarn porosity, Vo (μm3/μm2) 0.709 0.702 
Intra-yarn porosity (μm3/μm2) – Warp 0.515 0.726 
Intra-yarn porosity (μm3/μm2) – Weft 0.344 0.438 

 
Table 8. Topographic characterization of reference (R) and functionalized 

(RCM) polyester fabric.  
 
Topographic measurements (conducted in dry state) according to the procedure 
described in Calvimontes et al. [23] gave very useful results (Table 8) which 
help elucidate the effect of the functionalization procedure on the fabric 
topography. It was derived that the fabric macro-topography was altered as 
RCM underwent dimensional changes (relaxation of yarns) which was coupled 
with the observed decreased waviness (i.e. increase in length/width, decrease 
in height).  
 

 
(a) (b) 
 

Figure 6. Water vapour transfer rate of reference (R) and functionalized (RCM) 
polyester fabric at different RH% values and at: a) 20ºC, and b) 40ºC.  

 
On the other hand, the inter-yarn porosity was not significantly changed, a result 
which correlates well with data obtained from liquid porosimetry [18]. The intra-
yarn porosity, however, in both directions increased.  
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With the above in mind, explanations can be given about the water vapour 
transfer results obtained from measurements performed as described in 
reference [18] at four relative humidity values and at 20 and 40ºC. As shown in 
Figure 6, below the CM LCST, functionalized polyester seems to transfer 
moisture faster than reference polyester at almost all conditions studied. This 
fact could be attributed not only to the hydrophilicity of CM but also to the 
increased intra-yarn porosity that the functionalization treatment caused, as 
explained above.  
 

 
 (a) (b) 

 
Figure 7. Moisture sorption and desorption of reference (R) polyester fabric at 

different RH% values and at: a) 20ºC, and b) 40ºC.  
 

 
 (a) (b) 

 
Figure 8. Moisture sorption and desorption of functionalized (RCM) polyester 

fabric at different RH% values and at: a) 20ºC, and b) 40ºC.  
 
However, above CM LCST (i.e. at 40ºC), polyester RCM transfers moisture 
faster than R only at low RH. At higher RH where the thermo-responsiveness 
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may be distinguished better from the mere drying effect due to moisture 
saturated environment, it is shown that the water vapour transfer rate for RCM 
is lower than for R. These results agree well with moisture regain data reported 
elsewhere which showed that hydrophilicity of functionalized polyester was 
temperature-controlled [17, 18]. 
Finally, moisture sorption-desorption measurements performed continuously at 
different temperatures and RH values in a climatic chamber and with direct 
weight recording of each sample by using a high precision analytical balance 
(WXS, Mettler-Toledo) gave the results presented in Figures 7 and 8. The 
thermo-sensitivity of polyester RCM is once more exhibited compared to sample 
R since it appears to lose more moisture not only during desorption at 40ºC 
(Figure 9b compared to Figure 8b), i.e. at decreasing RH from 95 to 65%, but 
also during sorption, i.e. at increasing RH from 65 to 95%. At 20ºC and lower 
RH (65-75%), the rate of desorption is higher for RCM than for R as indicated 
by the abrupt decrease in moisture content. At 40ºC and higher RH (85-95%), 
the rate of desorption is lower for RCM than for R, indicating that even though 
RCM eventually expels more moisture at the end of the cycle, there is a critical 
point after which desorption starts.  

 
5. Conclusions  
 

This study conducted in the Advanbiotex framework concluded in the following 
main achievements: a) knowledge built-up from preliminary work on textile 
surface functionalization, using from bulk hydrogels to microgels as surface 
modifying systems, from physical to chemical incorporation techniques, and 
from cotton to synthetic polyester fabrics as substrates; b) preparation of 
pH/thermo-responsive microgels as surface modifying systems based on a 
novel combination of the biopolymer chitosan and the synthetic co-polymer 
P(NIPAAm-co-AA) in the form of polyelectrolyte complexes; c) functionalization 
of synthetic polyester fabrics by polyelectrolyte microgel incorporation using a 
simple technique of UV irradiation; d) confirmation of the pH/thermo-
responsiveness of the functionalized polyester through a combination of surface 
analysis techniques; e) development of synthetic polyester fabrics with tunable 
wettability as a result of their functionalization and stimuli-responsiveness. 
These achievements correspond well to the initially appointed tasks; however, 
the study showed certain limitations regarding alterations in the good properties 
of polyester (e.g. decreased wrinkle resistance). Even though such alterations 
were kept to acceptable levels, optimization of the procedures is under way.  
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