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Introduction
Melt-blow composite nonwovens [1-6] 
as developed at the Textile Research In-
stitute (Instytut Włókiennictwa - IW) can 
contain in their structure powder-sorbent 
particles such as active carbon, alumini-
um oxide, chitosan, etc. These particles 
are incorporated during the production 
process of melt-blow nonwovens, in 
which a special dosing method based 
on the fluidisation phenomenon is used. 
The sorbent particles thus introduced are 
caught on their way by newly-formed 
polymer microfibres during the techno-
logical process, and then fixed within 
the structure of a microfibrous web. Mi-
crofibre plasticity is probably the factor 
which causes the binding of the powder 
substances. Viscous microfibres entangle 
the particles introduced, in most cases 
creating durable bonding. Composite 
nonwovens produced according to this 
method do not require the application 
of any additional binding agents. Hence, 
the initial melt-blow nonwoven forms a 
matrix in which the introduced powder 
material can be found. Compressed air is 
the medium which transports the powder 
material. Sorbent particles have contact 
points with nonwoven microfibres. Very 
small fibre diameters (0.5-10 µm) en-
able many contact points to be made 
with sorbent particles, as their sizes are 
considerably larger in comparison to fi-
bre diameter. For example, for the active 
carbon of type DTO, particle size reaches 
from 200 to 400 µm. The flexibility of 
microfibres also allows for such contact 
point bonding. 

The exact mechanism for retaining sorb-
ent particles within a melt-blown nonwo-
ven structure is not known in details [7]. 
It is assumed that the large size of sorbent 
particles allows them to be set in the non-
woven’s porous structure. Sorbent parti-
cles are well caught by microfibres thanks 
to the pores formed by these fibres. The 
particles are introduced into the nonwo-
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ven’s structure during its formation. On 
their mutual way, i.e. from the moment 
the sorbent particles are introduced into 
the stream of microfibres coming from a 
die/nozzle up to the moment they reach 
the take-up drum, the sorbent particles 
and microfibres form a compact struc-
ture, and are then set to form a nonwoven 
web on a take-up drum.

Composite nonwovens produced ac-
cording to the method developed at IW 
contain from 10 to 90% (by weight) of 
powder sorbent. These nonwovens do 
not contain any additional agents to bind 
sorbent particles. In this way, the sorp-
tion properties of the sorbent particles 
are retained [8]. Hence, the durability of 
binding sorbent particles is the key issue 
in this technology.

Previously applied methods for produc-
ing a composite product of this type (in-
corporating powder materials) required 
the use of special binding agents (adhe-

sives) [9]. The particle-sorbent bonding 
durability was high, yet the active surface 
of sorbent was only partly covered by the 
adhesive, which resulted in a decreased 
effectiveness of such composite prod-
ucts, and frequently in an increase in air 
flow resistance. 

The different methods of incorporating 
powder particles [7,10] or other struc-
tures (short microfibres, cellulose pulp) 
[11] which have been currently developed 
have eliminated the application of bind-
ing agents, and allowed the production of 
materials with very good absorbing prop-
erties with reference to toxic substances. 
Following on from the studied literature, 
such materials are described as materials 
with durably bonded sorbent particles, 
yet there are no references to test meth-
ods. Organoleptic assessment of one of 
the parts of a filtration face mask (i.e. a 
composite nonwoven with active carbon) 
showed that sorbent particles had a ten-
dency to drop off. Hence, it proved use-

Table 1. Properties of composite nonwoven with active carbon A1 type. 

Sample 
symbol

Initial 
nonwoven 

area weight 

Composite 
nonwoven 

area weight 

Active carbon 
contents

Active carbon 
contents

Composite 
nonwoven 
thickness 

g/m2 g/m2 g/m2 % by weight mm
PPC-1 12 20 8 40  0.39
PPC-2 30 50 20 40 0.77
PPC-3 90 100 10 10 1.11
PPC-4 80 100 20 20 1.35
PPC-5 70 100 30 30 1.39
PPC-6 60 100 40 40 1.30
PPC-7 40 100 60 60 1.35
PPC-8 20 100 80 80 1.05
PPC-9 80 140 60 40 2.11
PPC-10 40 180 140 78 1.72
PPC-11 100 250 150 40 2.70
PPC-12 80 270 190 70 3.59
PPC-13 360 400 40 10 4.66
PPC-14 320 400 80 20 5.10
PPC-15 280 400 120 30 4.65
PPC-16 240 400 160 40 3.90
PPC-17 160 400 240 60 6.07
PPC-18 100 495 395 80 5.37
PPC-19 360 580 220 38 6.57
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ful to determine the durability of active 
carbon particle bonds in the composite 
nonwovens produced at IW.

The Aim 
The aim of the research work was to test 
the bonding durability of sorbent parti-
cles within the structure of a melt-blown 
nonwoven. The work presents a study of 
the bonding durability of active carbon 
particles used as a sorbent in a composite 
nonwoven as influenced by mechani-
cal factors (shaking). The influence of 
selected nonwoven parameters such as 
thickness, area weight and the amount 
and particle size of active carbon were 
also evaluated. The study of bonding 
durability was performed according to 
the method developed at IW.

Methodology 
The production of melt-blown material 
with or without active carbon was carried 
out in special equipment for the produc-
tion of melt blow nonwovens developed 
at IW. The nonwoven is produced in a 
tape form of c. 80 cm width. 

Fibre-grade polypropylene (Polish make) 
of MFR=13 g/10 minutes and two types 
of active carbon (differing in grain size) 
were used for producing the composite 
thermoplastic materials. Active carbon 
(marked A1) had particle sizes from 300 
µm to below 60 µm. Active carbon of 
type DTO had larger and more uniform 
grains from 200 to 400 µm.

First, a batch of melt-blown nonwovens 
made of polypropylene was prepared 
in different variants of area weight and 
thickness. These initial nonwovens 
formed the base material for composite 
nonwovens. The specified parameters of 
the base material (the initial nonwoven) 
allowed the active carbon contents in 
composite nonwovens to be defined. 
Table 1 presents the comparison of the 
properties of composite nonwovens with 
A1 active carbon particles with the pa-
rameters of the initial nonwovens. Table 
2 presents the comparison of the param-
eters of composite nonwovens containing 
DTO active carbon particles with the pa-
rameters of initial nonwovens. 

Bonding Durability Test
The bonding durability test was per-
formed according to the method devel-
oped at IW. A Wristaction Shake Model 
75 Laboratory shaker (Burrell and Co., 
USA) was used in this test. This ap-

paratus has a very wide range of vibra-
tions simulating hand movement during 
shaking. The bonding durability test was 
performed at different operating param-
eters of the shaker; Table 3 presents these 
parameters.

The test to evaluate the bond durability 
of sorbent particles to the composite non-
woven was carried out in the following 
way:
Samples (5 x 8 cm) were cut from each 
type of composite nonwoven, and were 
then hung on a stiff rod. The rod with 
hanging samples was then fixed to the 
lab shaker arm by two clamping rings. 
Having set the specified amplitude, the 
apparatus was switched on for a specified 
time during which selected samples were 
tested for the bond durability of sorb-
ent particles. Each sample tested was 
weighed twice, before and after shak-

ing. This allowed the amount of active 
carbon particles lost during the test to be 
calculated. 

Table 4 presents the amount of A1-type 
carbon shaken out from selected non-
woven samples during the test. Table 
5 presents the amounts (by weight) of 
shaken out DTO-type carbon particles 
from selected nonwoven samples. Col-
umns 3-6 in Tables 4 and 5 present the 
amounts of shaken-out active carbon 
(during the test on the laboratory shaker) 
in percent, in relation to the amount of 
active carbon contained in a given sam-
ple of composite nonwoven before being 
shaken.

Discussion
The results presented, concerning the 
amount of shaken-out A1-type and 

Table 2. Properties of composite nonwovens with active carbon DTO type. 

Sample 
symbol

Initial 
nonwoven 

area weight 

Composite 
nonwoven 

area weight 

Active carbon 
contents

Active carbon 
contents

Composite 
nonwoven 
thickness 

g/m2 g/m2 g/m2 % by weight mm
I-D1 51  93  42 45.2 1.16
I-D2 51 97 46 47.4 1.22
II-D3 98 405 307 75.8 3.78
III-D1 131 287 156 54.4 3.07
III-D2 131 741 610 82.3 4.94

Table 3. Shaker operating parameters (*level codified by the Shaker manufacturer). 

Test symbol Test time  Amplitude
min *

I-t 5 2
II-t 5 5
III-t 5 10
IV-t 20 5

Table 4. The results of the test for bond durability of active A1-type carbon particles.  

Sample 
symbol

I-t II-t III-t IV-t
% % % %

PPC-1 2.54 2.70 3.85 3.47
PPC-2 0.37 0.49 3.13 0.75
PPC-3 0.61 0.81 1.36 1.05
PPC-4 0.85 1.17 2.39 1.37
PPC-5 0.20 2.14 11.1 2.86
PPC-6 0.12 0.81 7.63 1.17
PPC-7 0.54 1.44 1.95 1.39
PPC-8 0.78 1.07 1.45 1.44
PPC-9 0.08 0.13 1.34 0.11
PPC-10 1.14 1.62 10.8 0.98
PPC-11 0.24 0.33 0.63 0.38
PPC-12 0.73 0.60 7.65 0.83
PPC-13 0.06 0.56 0.81 0.68
PPC-14 0.25 0.50 0.91 0.78
PPC-15 0.06 0.21 0.43 0.77
PPC-16 0.24 0.58 0.60 0.71
PPC-17 0.11 0.26 0.29 0.33
PPC-18 0.18 0.30 1.51 0.86
PPC-19 0.03 0.10 0.55 0.14
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DTO-type active carbon during the test 
on the bonding durability of active car-
bon particles in composite nonwovens, 
formed a basis for the evaluation of the 
influence of the structure of the tested 
nonwovens (i.e. nonwoven area weight, 
the thickness and contents of active 

carbon, and the size of its particles) on 
bonding durability. 

Analysing the data in Table 4 and 5, we 
can state that the durability of bonding 
active carbon particles of both A1-type 
and DTO-type, in composite nonwovens 

was generally high: for A1-type in 34.2% 
of all cases the amount of carbon shaken 
out was below 0.5% (by weight), and 
for DTO-type this amount was reached 
for above 60% of all cases. Generally, 
the amount of carbon shaken out (A1- 
and DTO-types) did not exceed 2% (by 
weight) in 85% of all cases. This amount 
was higher in only a few cases, especially 
for A1-type which has a smaller size of 
carbon particles. This tendency is illus-
trated in Figures 1 and 2.

The analysis of the data presented in 
Tables 4 and 5 and of the data illustrated 
in Figures 1 and 2 allowed the following 
observations to be made, which con-
formed to earlier assumptions:
§ the longer the time of testing on the 

lab shaker, the greater the amount of 
active carbon particles shaken out;

§ active carbon with smaller particle 
size has the greater tendency to be 
shaken out;

§ the higher the shaker amplitude, the 
greater the amount of carbon particles 
shaken out.

The purpose of the tests performed was 
to determine the amount of active carbon 
particles which had dropped off, and to 
determine the percentage of particles 
shaken out in relation to the whole 
amount of active carbon introduced into 
the melt-blown nonwoven (matrix).

Figures 3 and 4 illustrate the influence of 
area weight and A1-type active carbon 
contents on its bonding durability in a 
nonwoven structure. Figures 5 and 6 
present the influence of area weight and 
DTO-type active carbon contents on its 
bonding durability in a nonwoven struc-
ture. Figures 7 and 8 show the depend-
ence between the amount of shaken out 
active carbon particles and the thickness 
of composite nonwovens incorporating 
A1-type and DTO-type active carbon.

Table 5. The results of the test for bonds durability of active DTO-type carbon particles.  

Sample 
symbol

I-t II-t III-t IV-t
% % % %

I-D1 0.14 0.49 2.58 0.49
I-D2 0.42 1.03 2.19 1.28
II-D3 0.23 0.35 0.80 0.38
III-D1 0.15 0.22 1.97 2.18
III-D2 0.04 0.21 0.63 0.48
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Figure 1. The amount (in percent) of shaken out A1-type active carbon under various test 
conditions as identified in Table 3 for the different sample types presented in Table 1.

Figure 2. The amount 
(in percent) of shaken 
out DTO-type active 
carbon under various 
test conditions as 
identified in Table 
3 for the different 
sample types pre-
sented in Table 1. 

Figure 3. The amount of shaken out active carbon as influenced 
by area weight and the constant contents of active carbon                   
C= 40% wt., where: PPC-1 - 20 g/m2, PPC-9 - 140 g/m2, 
PPC-19 - 580 g/m2, PPC-2 - 50 g/m2, PPC-11 - 250 g/m2, 
PPC-6 - 100 g/m2, PPC-16 - 400 g/m2. 

Figure 4. The amount of shaken out A1-type active carbon 
(in various test conditions) as influenced by the constant area 
weight value 100 g/m2 and changing carbon contents, where: 
PPC-3 - 10% wt., PPC-6 - 40% wt., PPC-4 - 20% wt., 
PPC-7 - 60% wt., PPC-5 - 30% wt., PPC-8 - 80% wt.  
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In testing the bonding durability of active 
carbon particles, the influence of com-
posite nonwoven structure is not explicit. 
Above all, the particles from nonwoven 
surface which were not well attached 
were shaken out. The carbon particles 
inside the nonwoven structure which 
were well attached were not shaken out. 
For this reason, the amount of active car-
bon shaken out was generally small in the 
case of greater area weight, thickness or 
active carbon contents.

Conclusions
During the test on the bonding durability of 
sorbent particles (active carbon was used 
as a sorbent) in composite nonwovens, the 
following observations were made:
§ The durability of A1-type bonding ac-

tive carbon particles as well as DTO-
type in composite nonwovens was 
high: the amount of carbon shaken 
out (A1-type and DTO-type) did not 
exceed 2% (by weight) in 85% of all 
cases.

§ Larger amounts of shaken out carbon 
were observed in composite nonwo-
vens which incorporated a smaller 
size of sorbent particles.

§ The process of sorbent shaking out 
was influenced to a greater degree 
by the vibration amplitude, while the 

time of shaking out at the same ampli-
tude had no such effect. This can be 
observed in Figures 1 and 2 compar-
ing test results for test conditions I-t, 
II-t, III-t and IV-t.

§ The greater the area weight, nonwo-
ven thickness and sorbent contents, 
the smaller was the shaking out of 
sorbent particles (as mainly occurred 
from the nonwoven’s surface).

§ The study performed formed a back-
ground for the development of com-
posite nonwovens which have been 
used in the production of protective 
face masks absorbing vapours of or-
ganic and acid substances.
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Figure 5. The influence of area weight onto the amount of shaken 
out active carbon DTO type in various test conditions.

Figure 6. The influence of active carbon contents on the amount of 
shaken out DTO-type active carbon under various test conditions. 

Figure 7. The influence of nonwoven thickness on the amount of 
shaken out A1-type active carbon in various test conditions. 

Figure 8. The influence of nonwoven thickness on the amount of 
shaken out DTO-type active carbon in various test conditions. 
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