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n Introduction
Nanostructured materials on a nano- to 
micro-scale can be simply prepared using 
the layer-by-layer technique. Such mate-
rials have found a wide range application 
as nanoreactor systems with intrigu-
ing properties [1]. The polyelectrolyte 
layer-by-layer technique has mainly 
been applied to deposit films onto planar 
surfaces or spheres [1,2]. Such a modi-
fication not only drastically changes the 
hydrophilic properties and absorption of 
dyes, but can also be used to manipulate 
many different types of materials includ-
ing conducting polymers, light-emitting 
polymers, molecular dyes, fullerenes, bi-
omaterials and other various systems [see 
2, and references included in this paper]. 
In this work, weak polyelectrolyte multi-
layers were prepared and deposited onto 
nonwoven fabrics produced in the melt-
blowing process and also onto a cotton 
fabric. The melt-blowing process is 
unique because it can be used to produce 
microfibres with diameters in the range 
of 2-4 μm. The most common polymer 
for nonwovens, polypropylene (PP), is 
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also convenient, because it is susceptible 
to oxidation [4], and then to being grafted 
with polyacid onto a polymer surface us-
ing a pre-irradiation technique [5].

n Experimental
A nonwoven fabric was produced from 
polypropylene by Cenaro (Lodz) using 
melt-blown technology. Poly(acrylic acid) 
(PAA) was prepared by the polymerisation 
of acrylic acid in an isopropanol solution, 
initiated by γ-rays, precipitated with n-
heptane, and dried under reduced pressure. 
Its molecular weight determined by the 
GPC technique was 258 000 Da. 

Poly(allylamine hydrochloride) PAH 
(Mw = 55 000 Da) was obtained from Ald-
rich. Poly(itaconic acid) was prepared by 
polymerisation in water, as described in [6].

Samples of the nonwoven were irradi-
ated by γ-rays in air. The concentration 
of peroxides groups was determined 
by iodometric titration. The grafting of 
acrylic acid (AA) was carried out in a 
solution of 20g AA in 1 dcm3 of water 
previously saturated with nitrogen. The 
nonwoven samples were immersed in 
this solution and heated at 100 oC for 
1h, washed many times with water and 
dried at ambient temperature in air. The 
concentration of carboxylic groups in the 
samples was determined by titration. The 
characteristics of the samples are given 
in Table 1. 

In the first set of experiments, samples of 
nonwovens (see Table 1) were used [1]. 
The samples of grafted nonwoven were 
dipped into a solution of PAH with a con-
centration of 10-2 base mol/L for 10 min 
at about 20 °C and subsequently rinsed 
with pure water. They were then dipped 
into the oppositely charged solution (10-2 
base mole/L PAA) for 10 min and next 
rinsed with water. The dipping procedure 
was then repeated. The procedure is il-
lustrated in Figure 1.

Samples with different numbers of layers 
were immersed into 10-3 M methylene 
blue solution for 10 min. After immersion 
in the dye solution, the nonwovens with 
multilayer films were soaked in water for 
1 min. and then dried with a mild flow of 
air. All the dyed samples were subjected 
to measurements of light reemission. The 
dyed samples were placed in a Spectra-
flash 300 apparatus manufactured by 
Datacolor International to measure their 
light reemission within the range from 
400 nm to 700 nm.

The results of reemission spectra for 
this set of experiments are presented in 
Figure 2. The series numbers of light 
reemission measurements are assigned 
as follows: 
1 – sample of the initial nonwoven; 
2 – sample after grafting (first polyacid 

layer); 

Table 1. Characteristics of nonwoven PP samples and conditions of processing.  

No. of
nonwoven

Surface 
mass,
g/m2

Irradiation 
dose,

kG

Concentration 
of peroxides,

eq/g × 104

Grafting 
temperature,

oC
Time,

h
Concentration 
of acid groups

eq/g × 105

1 61.4 30 1.36 100 1 5.00
2 61.4 30 1.36   80 2 2.75
3 61.4 30 1.36   60 2 1.25
4 30.3 30 1.74 100 1 1.55
5 12.1 30 1,11 100 1 2.68
6 30.3 10 0.875 100 1 1.66
7 26.9 10 0.375 100 1 1.40
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3 – samples impregnated with PAH (first 
layer containing amine groups); 

4 – sample impregnated with PAA (sec-
ond polyacid layer); 

5 – samples impregnated with PAH (sec-
ond layer containing amine groups); 

6 – sample impregnated with PAA (third 
polyacid layer).

As seen in Figure 2, the absorption of dye 
and the related drop in light reemission 
(especially at 620 nm) only took place 
when the top layer displayed an acidic 
character (series 2, 4 and 6).

The same procedure was applied in the 
second set of experiments, using the non-
woven 4 (see Table 1). The application 
of layers and the dyeing procedure were 
the same as previously (series 1 and 2). 
The results of the value corresponding 
to the minimum of reemission at 620 nm 
are shown in Figure 3, compared with 
the results of the first and second series 
(nonwovens 1 and 4, Table 1). The deno-
tations of samples with the layers applied 
in succession were the same as in the first 
set of experiments.

As seen in Figure 3, the light reemission 
for samples with top polyacid layers (se-
ries 2, 4 and 6) is considerably lower (by 
about 30%), while in the case of samples 
with the PAH layers, the reemission 
results are comparable with that of the 
untreated sample (about 70%).

The third set of samples was prepared as 
described previously [6], by depositing a 
poly(itaconic acid)/poly(ethylene glycol) 
complex onto a sample of cotton fabric. 
The application of layers and dyeing 
procedure were the same as previously 
(series 1 and 2).

The results of reemission measurements 
for the third set of samples are presented 
in Figure 4. 

In this case, the absorption of methylene blue 
was high (reemission 5-7%) for all samples. 
It leads to the conclusion that the absorp-
tion of methylene blue is practically the 
same as that of the cotton fabric immersed 
repeatedly in PAH and PAA solutions. 

n Discussion
The grafting process carried out with 
the use of the pre-irradiation technique 
can be successfully used to graft acrylic 
acid onto polypropylene nonwovens. 
The number of acid groups incorporated 
due to grafting depends on the dose of 
irradiation, the grafting temperature and 
time. It seems that by using an aqueous 
medium, quite a high temperature and a 
short time of grafting, the monomer dif-
fusion into filaments is restricted, and the 
grafting takes place mainly on the non-
woven surface.

As follows from the results obtained, the 
method proposed herein can be used to 
deposit layers of polymeric complexes 
onto polypropylene nonwovens, but can-
not be applied to porous materials such as 
cotton fabric. 

As seen from Figure 2, the absorption 
of methylene blue is for the most part 
confined to the outermost surface layer, 
with only a limited diffusion of the dye 
more deeply into the bulk of the multi-
layer film. 

From the literature [2], it follows that 
the thickness of a layer deposited by the 
technique under discussion is about 5 
nm. Thus, with five layers deposited in 
succession, the total thickness does not 
exceed 25 nm. Assuming that the fibre 
has a cylinder shape with an infinitely 
high length in relation to its radius r, the 
ratio of fibre surface S to its mass m is:

S/m =2/rδ

where δ - density of the fibre-forming 
polymer.

If layers with thickness L are deposited 
onto this surface, the ratio of layer mass 
to the fibre mass X (or the number of 
grams of the deposited substance per 1 g 
of fibre) will be:

X= 2Lδw / δ r

By substituting 25 nm as an estimated 
value of the layer thickness, and 3 µm as 
that of an average fibre radius, we obtain 
a value of X equal to about 0.016.

Figure 2. Light reemission (R %) spectra of dyed samples 
(nonwoven 1). 1 - initial nonwoven; 2 - grafted sample; 3 - 
sample with first PAH layer; 4 - sample with second PAA layer; 
5 - sample with second PAH layer; 6 - sample with third PAA layer.

Figure 3. Light reemission R (%) at 620 
nm of dyed nonwovens  1 and  4.

Figure 4. Reemissions  (R%) of dyed cotton 
samples.

Figure 1. Scheme of layer-by-layer technique; PP - polypropyl-
ene, AA - acrylic acid, PAH - poly(allylamine hydrochloride), 
PAA - poly(acryl acid); 1, 2, 3, 4 - the initial surface and the 
consecutive layers.
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Because fine fragments may be detached 
from the nonwoven during the depositing 
and rinsing operations, the determination 
of mass increment by weight is burdened 
with a high error. Hence the gravimetric 
method is unsuitable for determining the 
extent of the substances deposited. How-
ever, in all the cases, the mass increment 
was no higher than 0.01 g/g, which indi-
cates that the thickness of the deposited 
layers is in fact about several nm.

On the other hand, the dyeing technique 
allows the type of external layers depos-
ited in succession to be identified.

It seems that the method proposed can 
be used to deposit layers of polymeric 
complexes, not only onto polypropylene 
nonwovens but also onto other textile 
materials with a smooth surface, such as 
polyamide or polyester fibres. This will 
be a subject of our further investigation. 
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