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Summary  

There are many methods external surface protection for porous building materials against 
the environment. Such protection substantially increases the practical durability of the 
protected materials and therefore reduces the maintenance cost at the same time. It seems 
that one of the perspective ways is the use of nanofiber textiles as the surface protection. 
This paper presents the production of nanofiber textiles based on PVA, and their application 
on the cement and lime paste, and gypsum as the surface treatment. Furthermore, the 
interaction between the nanofiber textiles and a wet surface of the building materials was 
investigated together with an influence of the textiles on water evaporation. 
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1 Introduction 

Nowadays the development of new materials and methods is strongly promoted in order to 
find "new", better performing materials with an increased durability. This effort is 
motivated by the worsening environment, which is responsible for the fast deterioration of 
commonly used building materials. One possible way of protection is to treat the material 
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surface exposed directly to the environment by surface protective coating, extending the 
service life without reduction of mechanical strength or other functional properties. This 
can be achieved by use of nanotechnology, which is currently widely used in medicine 
where the nanofiber textiles based on Poly(lactic-co-glycolic acid) (PLGA) are used in 
order to promote growth of new cells [1]. Based on the research of a commonly available 
literature, the surface protection of porous materials has not been, except a few exceptions, 
carried out. The principle of integration of Poly(vinyl-alcohol) (PVA) fibers into the 
Portland cement paste was studied in more detail on macroscale [2, 3]. A similar approach 
was used for investigation of PVA-based nanofiber integration into the materials based on 
lime or gypsum [4, 5]. PVA is the most often used polymer for spinning and it used in 
general because of its water solubility and relatively low price. However, the water 
solubility is one of its drawbacks at the same time, since the PVA-based nanofiber textiles 
have to be stabilized before their use. It can be accomplished by means of nanofiber 
exposition to temperatures above 140 °C (so called physical stabilization) or by the method 
of chemical cross-linking. However, even this way of nanofiber stabilization is just 
temporary and lasts about one month [2]. Therefore, just a temporary surface protection 
can be accomplished by means of PVA-based nanofiber textiles. 

2 Production of PVA nanofiber textiles and tested samples 

The study was performed on three basic types of binder materials: Portland cement, 
building lime and gypsum. The samples of cement paste (denoted as C) were made of 
commonly available Portland cement CEM I 42.5R (Mokrá, Czech Republic), having the 
water/binder ratio 0.41. The gypsum based samples (denoted as S) were made of grey 
gypsum binder (Gypstrend, Czech Republic), having the water/binder ratio 0.71. Finally, 
the lame paste samples (denoted as V) were prepared from the white air-slaked lime CL90 
(Čertovy schody, Czech Republic), having the water/binder ratio. The pastes were manually 
mixed and placed into Petri dishes of a diameter 70 mm. The surface of the samples was 
treated with the nanofiber textiles still connected to a Polypropylene (PP) spunbond in order 
to ensure a perfect contact between the nano-textiles and the sample surface. Therefore, the 
nano-textiles could be directly applied at the surface of the investigated samples. The 
testing was done in common laboratory conditions at the temperature of 22 °C and relative 
humidity around 50 %. The samples were weighted in intervals during 28 days. 

Tab. 1 Surface treatment of tested samples 

Name of samples Surface treatment  
Weight of nanofiber textile 

[g/m2] 
X 1 None  None  
X 2  Spun bond with PVA nanofiber textile 0.7 
X 3  Spun bond with PVA nanofiber textile 1.5 
X 4  Spun bond with PVA nanofiber textile  3.1 

PVA based nanofibers were spun in the Center for Nanotechnology in Civil Engineering at 
Czech Technical University in Prague. The electrospinning was carried out using NS Lab 
500 device in a common laboratory conditions at the temperature of 23 °C and relative 
humidity of about 40 %. The PVA polymer solution for electrospinning was prepared as 
375 g of PVA (Sloviol 16%), 117 g of demineralized water, 4.4 g of glyoxal and 3 g of 
phosphoric acid (75%). Glyoxal and phosphoric acid was used as cross-linking agents. The 

2 



Central Europe towards Sustainable Building 2013 
Low-tech and high-tech materials and technologies for sustainable buildings 

nanofibers themselves were spun on a polymeric support textile substrate (the PP spun 
bond) having a weight 18 g/m2, enhanced by an antistatic treatment. Chemical and 
mechanical stabilization (cross-linking) of produced PVA nanofibers using temperature was 
carried out. During the stabilization process the nanofiber textiles are exposed to 140 °C for 
the time of 10 minutes. The samples were stabilized together with the PP spunbond.  

3 Experimental results 

The results of our measurements can be seen in Fig. 1 where the individual curves 
represent a weight loss in time due to drying through the modified sample surface by 
means of PVA nanofiber textiles. It is obvious that the surface treatment did not have any 
influence on the drying of the samples since the differences between the reference samples 
without treatment and treated ones are negligible. After the weight loss monitoring was 
finished the PP spunbond was removed from the samples and the surface of the samples 
was documented (Figs. 2 and 3). 

 
Fig. 1 Weight development of prepared samples in time 

By a closer observation it was found that even in case of samples treated by nanofibers 
having higher weight (1.5 and 3.1 g/m2) the PVA textiles became integrated in the whole 
contact area into the base materials. The electron microscopy (SEM) and Atomic Force 
Microscopy (AFM) revealed the presence of an interface which built up between the textile 
and base materials. The surface of base materials the PVA was degraded due to the 
presence of moisture, giving the nanofiber coating amorphous character. 

4 Conclusions 

The presented study shows that the nanofiber textiles, used as a protective coating of porous 
materials, did not influence the behavior of the tested materials and the development 
of properties should not be changed. The possibility to apply a thin layer in the form of 
nanofiber textiles onto the surface of commonly used building materials was demonstrated. 
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Finally, the assumptions of inappropriateness the PVA use because of its limited stability 
with respect to time in a wet environment were confirmed. In a wet environment the PVA- 
-based nanofiber textiles degrades completely and due to the presence of water it transforms 
to PVA polymer. It was confirmed by the SEM and AFM analysis. 

 
Fig. 2 Surface of sample S3/1 (Gypsum) 

 
Fig. 3 Surface of sample C3/2 (Cement paste)
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