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n Introduction
The surface materials of textile exhibit 
great potential for their structuralisation 
and functionalisation. There are many 
procedures for the structuralisation and 
functionalisation of fibre surfaces, and 
their selection depends on the purpose of 
the change. The functionalisation of the 
fibre surface material assumes that the  
material maintains its original proper-
ties. The functionalisation of  fibre sur-
face material depends on and is directly 
affected by surfaces structuralisation. 
We used plasma and laser modifications 
under various conditions for the structur-
alisation of the textile materials, which 
brought about  important changes to the 
surface layers. Some procedures required 
combined methods to foster the effect of 
structuralisation. We created a more open 
structure in order to obtain the resulting 
chemical effects on the surfaces of the fi-
bres, which was achieved by cold plasma 
radiation. Further surface modification 
of the irradiated textile materials we ob-
tained by applying an  inorganic-organic 
nano-sol containing SiO2, which created 
hybrid inorganic-organic compositions 
on the polymer surface. Such composi-
tions create transparent, solid and elastic 
surface layers with an added value [1 - 5]. 

The structuralisation of textile materials 
based on the polymer sol of SiO2 rep-
resents a physico-chemical nano modi-
fication of the surface. The most used 
material is alcoxid Si(OR)4. Hydrolysis 
and polycondensation react in a water 
environment according to the following 
equations (1 - 3):  

≡SiOR + H2O → ≡SiOH + ROH   (1)

2 ≡SiOH → ≡Si−O−Si≡ + H2O     (2)

≡SiOH + ROSi≡ → ≡Si−O−Si≡ + ROH                  
(3)

Depending on the conditions of the re-
action, an inorganic-organic polymer is 
created with linear branches or colloid 
elements. At a certain number and size 
of the polymer elements in relation to 
the colloid elements, the free movement 
inside the liquid is restricted. A network 
of appropriate elements is created, and 
the sol changes into a gel. 

Low water content (H2O/Si(OR)4 ≤ 4), 
low temperature and the presence of 
an acid-based catalyst create perfect 
conditions for linear polymerisation. 
On the other hand, high water content 
(H2O/Si(OR)4 >> 4), higher temperature 
and alkali catalyst result in the creation of 
colloid SiO2 elements [2 - 4].

Functionalisation of the fibre surface ma-
terial is a deliberate physical or chemi-
cal modification of the surface in order 
to obtain qualitatively new properties. 
Nanotechnologies using various physi-
cal and chemical procedures meet such 
criteria [6 - 8]. 

This paper deals with the functionalisa-
tion of the surface fibre material of poly-
ethyleneterephthalate (PET). Plasma in 
nitrogen atmosphere, laser energy effect, 
the sol-gel method, nano-pigment fixa-
tion on the surface and surface modifica-
tion by pigmentation in combination with 
the sol-gel method were used to modify 

the surfaces. The functionalisation of  
worm fibre materials carried out in our 
research was focused on such functional 
properties as electroconducting, thermal-
conducting and wetting ability. The aim 
was to improve the surface properties of 
PET fibres.

n Experimental
Structuralisation of the fibre surface 
material
1.  Plasma surface modification of the 

PET textiles occurred at atmospheric 
pressure during a barrier corona dis-
charge at a voltage of 10 kV, 5 kHz 
frequency, power of 30 W, and proc-
ess energy of 4 J/cm2. This process 
was carried out in an atmosphere of 
N2 and air. Consequently, after plasma 
modification of the sol-gel was app-
lied to the test samples.

2.  Sol SiO2 (Si(OEt)4 + EtOH +HCl) 
was applied to the PET textile fab-
ric by raising the substrate from the 
solution. A sol-gel film was created 
on the textile surface after the free 
alcohol evaporated and was thermally 
stabilized. Consequently, after plasma 
and sol-gel modification, the samples 
tested were irradiated by laser.

3. The source of laser light was a 
semi-conducting LDD 3.3 diode 
with an optic capacity of 25 mW 
and λ = 690 nm. The surface was 
activated for 10 minutes.

4. The samples tested were pigmented 
by Printex L-6 (carbon), Hombitec 
S-100 (TiO2), Graphite (carbon black) 
and ALBO 615 (Al powder) nano-
pigments with  pigment content in 
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the pigmenting paste of 1, 3 and 5%. 
Apart from pigments, acrylic fixing 
reagent and wetting textile auxiliary 
means were used in the pigmenting 
paste.

5. The samples tested were modified 
by nano-pigments according to point 
4 and consequently by the sol-gel 
method according to point 2.

Test material
Reference samples of PET fabrics, ac-
cording to ČSN standard 80 01 01 were 
used during the experiments.

Testing methods
Testing the contact angle of wetting
We applied a drop of water with a volume 
of 5 μl on the sample surface and meas-
ured the wetting contact angle. In order 
to measure the contact angle of wetting 
we used the See system method with a 
CCD camera and software for evaluating 
the real time of the actual drop profile 
count from the moment the drop was set 
on the fabric surface.

Testing the electrical  volume and sur-
face resistivity
The transport of electrical charge by 
the pigmented PET fabric surfaces was 
monitored by the flow method at a con-
stant DC voltage with the use of a Keith-
ley 617 Programmable Electrometer, 
and a TETTEX 2904/SA Guard Ring 
Capacitor. Next, the electrical volume 
and surface resistivities of the samples 
tested were determined. The current 
was measured after 1 minute of voltage 
connection. The values of volume and 
surface resistivity were calculated as the 
average of five measurements. 

Testing of the thermal conductivity 
The Alambeta device has an internal 
program related to a single layer mode, 
whose results should be considered 
conventional in comparative values. An 

Alambeta device was used to measure 
the thermal conductivity (Wm-1K-1) of 
the test samples. The samples were con-
ditioned at a temperature of 23 °C and a 
relative air humidity of 65%. The thermal 
conductivity was measured at a stabilised 
thermal flow through the PET fabric at an 
initial temperature of 33 °C. The results 
measured  are the averages of ten meas-
urements executed. 

n Results and discusion
Assessing  the contact angle of wetting
The samples tested should not be 
considered as  homogenus multilayer 
objects.  Figure 1 demonstrates the See 
system method used to evaluate the 
wettability of the structuralised surfaces 
of PET textiles with dependence on time,  
which determined the wetting contact 
angles.

Figure 2 shows the kinetics of the wetting 
of a plasma modified surface in a nitro-
gen atmosphere. The figure distinctively 
demonstrates  that the wetting was con-
siderably faster than that of an unmodi-
fied surface. The effect of plasma on 
wetting corresponds with the structural 
changes in the surface layer of the PET fi-
bres caused by plasma.  Plasma modifica-
tion is the most effective method for the 
hydrofilisation of  PET textile surface.

Sol-gel modification covered the struc-
tural changes on the sample’s surface, 
caused by the plasma effect and displayed 

the effect of sol-gel modification related 
to the kinetics of wetting in the oppo-
site direction as compared with plasma 
modification alone. The contact angle 
of wetting is more than 90° during an 
interval of up to 60 seconds, (Figure 2). 
The opposite effect of sol-gel surface 
modification related to wetting compared 
with plasma modification alone is caused 
by the presence of non-polar polymer 
SiO2 sol-gel on the polymer surface and 
therefore a significant hydrophobisation 
of the textile. The effect of irradiation 
by a laser  low capacity resource for 10 
minutes in the PET textile sample, which 
was previously modified by plasma and 
sol-gel layer before fixation. This, in 
turn, resulted in an increase in the kinet-
ics of the wettability above the level of 
the original unmodified PET textile.  

We used chemically different pigments 
for the surface modification of the PET 
fibres. The kinetics of the wetting of 
the modified surfaces is presented in 
Figure 3. The dependences are similar in 
shape, although that for Hombitec S-100 
is situated at the highest level and that for 
Al-powder at the lowest. We can say that 
Hombitec S-100 with a content of 1% in 
the pigment paste demonstrated a contact 
angle of wetting  more than 10° to 30° 
greater in the given time than other pig-
ments evaluated. 

The surface modification of textile 
materials by pigments causes physi-
cal – chemical and geometric changes 

Figure 1. Change in time of the drop profile on the surface of the PET textile in 
150 seconds.

Figure 2. The kinetics of the wetting of the PET textile by water after 
different surface modiýcation.

Figure 3.   Kinetics of the wetting of the PET textile, modiýed on its 
surface by different types of pigments, with a content of 1%. 
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on their surfaces. Consequently, the 
surface properties change their values.  
The conditions of managing the surface 
modification of  textile materials affect 
the qualitative and quantitative character 
of surface wetting. The surface modifica-
tion of PET fabrics with pigments makes 
their surface  hydrophilic. 

Assessing the volume and surface 
electrical resistivity
The surfaces of the PET fabrics were pig-
mented by standard methods used during 
textile finishing and covered by polymer 
gel made from Si(OCH2CH3)4 using the 
sol-gel method. The pigments were se-
lected taking into consideration  changes 
in their electrical properties, especially 
the volume and surface resistance and 
the surface’s electrostatic potential. For 
operative reasons it was necessary to 
prevent the accumulation of electrostatic 
charges on the textile material surfaces, 
and to allow the electrical resistance to 
reach an adequate level. The pigments 
used were electro-conductive, and had 
micro- and nano-dimensions.

The dependency of electrical volume and 
surface resistance on the type of pigment 
used for the PET fabric surface modifica-
tion was evaluated and is presented in, 

Figures 4 and 5. The dependence proves 
that Printex L-6 is highly efficient and 
qualitatively changes the material prop-
erties in regard to electrical resistivity. 
The effect of the remaining pigments 
used – graphite, ALBO 615 and Hom-
bitec S-100 on the change of electrical 
properties is significantly smaller com-
pared to Printex L-6. However, each 
pigmentation of the surfaces carried out 
by us decreased the electrical volume and 
surface resistance compared to that of the 
original unmodified PET fabric. 

A tendency towards lower values of 
the volume and surface resistances was 
expected due to the sol-gel modification 
of the pigmented PET fabrics. Figures 4 
and 5 illustrate the tendency towards 
a modest increase in these values by 
about 100 units. Such a modest increase 
preserves the qualitative character of the 
PET fabrics when considering their elec-
trical properties. The sol-gel modification 
of pigmented fabrics should restrain pig-
ment abrasion. This will be the subject of 
future experiments.

Assessing  the thermal conductivity 
The effect of the surface modification of 
the PET fabric by pigmenting was also 
evaluated considering the change of the 

thermal-conductive properties. The ther-
mal conductivity λ was assessed with 
dependence on the kind of pigment and  
pigment content in the pigmenting paste, 
(Figure 6). We indicated that the thermal 
conductivity of  PET fabric with  its sur-
face modifind by Printex L-6 and Hom-
bitec S-100 pigments is at the level of 
the thermal conductivity of PET fabric 
with no  surface modification. A more 
important change in thermal conductiv-
ity occurred in PET fabric modified on its 
surface by ALBO 615 pigment, tending to 
higher values in comparison with PET fab-
ric without surface modification.  A higher 
content of ALBO 615 pigment caused 
an increase in thermal conductivity. 

As can be seen,  surface changes influ-
ence thermal conductivity. Plasma and 
pigment increase the thermal conductiv-
ity of PET standard, (Figure 7). It should 
be  emphasised here  that, as mentioned 
previously, due to the working mode of 
the Alambeta device, the results obtained 
are valid under the given circumstances 
of these experiments. 

n Conclusions
 Deliberate surface modifications of  PET  
fibre materials causes structural change 

Figure 6. Dependence of the thermal conductivity of the modiýed 
PET textiles on the kind and content of  pigments.

Figure 7. The effects of the kind of surface modiýcation of the PET 
textiles on their thermal conductivity.

Figure 4.  Dependency of volume resistivity of the PET textile on the 
kind of pigment used with and without sol-gel modiýcation.

Figure 5.  Dependency of surface resistance of the PET textile on the 
kind of pigment with and without sol-gel modiýcation.
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in the surface layers, and a correspond-
ing change in the surface’s functional 
properties. Our experiments proved the 
following:
1.  Plasma modification is the most effec-

tive  method for the hydrofilisation of 
the surface of PET fibre materials.

2. The laser effect on the surface of  PET 
textile causes higher wetting ability 
compared to that of the original un-
modified PET textile, probably due 
to  the violating relief created on the 
material’s surface.

3.  Sol-gel surface modification of PET 
textile has a significant hydrophobic 
effect.

4.  The pigmentation of the PET fibre 
surface material by nano-pigments 
qualitatively changed their electro-
conductive character, even at a low 
pigment content.

5. The formation of sol-gel nano-film on 
the surfaces of the pigmented materi-
als tested made the electro-conductive 
surface hydrofobic

6. The effect of sol-gel modification of 
PET fabrics, aiming to change the 
electrical properties of  PET fabrics, is 
very modest, which corresponds with 
the decrease in hydrophility. 

7.  Hombitec S-100 - nano-pigment in-
creases the thermal conductivity of 
PET fabrics  with surface modifica-
tion, when compared  to unmodified 
PET fabrics. The environmental 
at conditions for heat transfer has 
changed by pigmentation.
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