ISSN 1027-5495. Functional Materials, 26, No.2 (2019), p. 389-396.
doi:https://doi.org/10.15407/fm26.02.389 © 2019 — STC "Institute for Single Crystals”
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Properties of fine-fiber filter materials (FM) obtained by extraction of matrix polymer
from a microfibrillary composite in the form of a film formed by extrusion of
polypropylene(PP)/copolyamide(CPA)/nano-additive mixtures were studied. The main
structural unit of FM is polypropylene microfiber (microfibrill), filled with mineral silica-
based nano-additives. Modified FMs are characterized by high efficiency of air purification
of mechanical particles of 0.3 um and higher. The possibility to adjust the precision of
filters by reducing the diameters of PP fibrils formed in situ and to increase their mass
fraction is shown. This was achieved by introducing of nano-additives of different chemi-
cal nature into the mixture of PP/CPA and changing their concentration. Nanoparticles in
the structure of filter materials contribute to their hydrophilicity and specific surface
increasing, and also provide adsorption capacity, and antimicrobial action against a num-
ber of microorganisms and fungi.

Keywords: polymer mixtures, nano-additives, microfibrille, filter material.

WccnemoBaHbl cBOiICTBA TOHKOBOJOKHUCTBEIX (PUABTPYONNX MaTepuano (PM), moryuen-
HBIX 3YKCTPaKIMell MaTPUYHOTO MOJMMEPa M3 MUKPODUOPUIIAPHOTO KOMIIOBUTA B BU/E
JIeHKH, CcQOPMUPOBAHHON METOMOM 3SKcTpy3uu cMeceii mnoaunponuien(IIIl)/comonn-
amua(CIIA)/Hanogobaeka. OcHOBHOM CTPYKTypHO# exmuuiieit @M ABAAIOTCA TOJUTPOMUIE-
HOBBIE MUKPOBOJOKHA (MUKPODUOPUINEI), HATIONHEHHBIE MUHEPAJbHBIMI HAHOJLOOABKAMU HA
ocHoBe KpeMHeszema. Mopuduimposanunsie @M XapakTepusyTCs BBICOKOH 3(DPEKTUBHOCTHIO
OUYVCTKM BO3AYyXa OT MeXaHWYecKmMX uacTuil pasmepoMm 0,3 MKM u Boimte. Ilokasana BOSMOK-
HOCTH PEryJUPOBAHUSA TPEIU3NOHHOCTH (DMILTPOB 38 CUET YMEHLINIEHUSA AUaMeTpoB chopMupo-
BaHHBIX in situ IIII ¢pmubpman M yBeIMUEeHWEM WX MAaccoBoil mosu. HamouacTMIBI B CTPYKTYype
(OUILTPOBATBHBIX MATEPUAJIOB CIIOCOOCTBYIOT TOBBINIEHUIO WX TUAPOMUIBHOCTH M YANTBLHOM
TIOBEPXHOCTH, & TAKIKe 00eCTeurBAIOT aCOPOIIMOHHYI0 CTIOCOOHOCTh M aHTUMUKPOOHOE JelicTBIIe
0 OTHOIIEHWIO K PALY MUKPOOPTAHMZMOB M TPUBOB.

MoaudirkoBani HaHOTO0GABKAMM IIOJINIPOIiJIeHOBI TOHKOBOJOKHUCTI (piabTpyBaabHi Ma-
tepianu. H.M.Pesanoea, B.I'.Pesanosa, B.Il.Ilnasan, O.0.Binbyaniox.

MocaimKeHO BJIACTHUBOCTI TOHKOBOJOKHUCTUX (iabTpyBasbHmx marepianis (@M), oxmep-
JKAHMX EKCTPaKIIi€l0 MATPUYHOIO IIoJiMepy i3 MIKpo@iOpMIsSpHOrOo KOMIO3UTY Y BUIVIALL
IJIiBKY, chopmoBarnol  merogom  ercTpysii cymimeidt  moaimpouimem(IIII)/cmiBmmo-
aiamig(CIIA)/manonob6asra. OCHOBHOI0O CTPYKTYpHOIO oxumHuien PM e nominpominenosi
MikpoBosorkHA (Mikpodibpuam), HamoBHEHI MiHepaJIbHMMH HAHOLOOABKAMU HA OCHOBI KpeM-
Hezemy. Moaudirkosaui @M xapaKTepusyoOThCA BHUCOKOK e(eKTHUBHICTIO OUYWINEHHS IOBiTpPA
Big MexaHiunmx udactuHOK poamipom 0,3 mrm i Bumie. IToKasaHO MOMKJIMBICTL peryJioBaHHSA
npernusiiinocri QiaeTpiB 3a paxyHOK 3MeHIIeHHA miamerpis copmosanux in situ IIII ¢pidbpua
Ta s0inpmienHa ix macoBoi moui. HamouacTuuHKu y cTpyKTYpi QiapTpyBasbHHX Marepiamaie
CIPHUAITE IMiABUINEHHIO IX rigpodinpHocTi i mmTOMOI mOBepxHi, a TAKOMK HAIAIOTh aj-
copOIliliHy 3maTHiCTh Ta aHTUMIKPOOHY mif0 40 HHMSKHM MiKpoopraxismie i rpubie.
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1. Introduction

Modification of the properties of syn-
thetic fibrous materials by reducing the di-
ameters of individual filaments to micro-
and nanosizes is one of the most studied
areas in the technology of polymers, since it
allows to provide a complex of new charac-
teristics and reduce material consumption
for their production. Materials from micro-
and nanofibres store all the positive quality
indicators inherent in products made of syn-
thetic fibers: strength, high wear and tear
strength, and so on. At the same time, due
to the very small diameter of individual
filaments, they acquire unique properties.
By processing the polymers mixture melts,
a new class of composites is received in
which the component of the dispersed phase
forms micro- or nanofibrils in the matrix of
another component in situ. Composites with
diameters of fibers of 10 to 100 pum are
called microfibrillary (MFC); if the range of
diameters falls below 100 nm — nanofibril-
lary (NFC). At the same time, it has been
found that microfibrils often have diame-
ters from 100 to 1000 nm, and they are also
referred to NFC [1]. Superfine fibers and
new fibrous materials are obtained by ex-
tracting of matrix polymer from the MFC
and NFC using a solvent inert to the fi-
brous component [1-4]. Thus, from the
composites of polytetrafluoroethylene/poly-
lactic acid (PTFE/PLA) and polybutylene
terephthalate/polypropylene (PBT/PP) in
the content ratio of 20/80 wt. %, using the
dissolution of PLA with chloroform, and PP
— with xylene of temperature 140°C, the
nanofibers of PTFE and PBT with diameters
from 100 to 600 nm are obtained [3]. Biode-
gradable fiber material for medical use
from polylactic acid fibrils in the sizes from
400 nm to 1 um was obtained by processing
of the PLA/polyvinyl alechol of 40/60 wt. %
mixture [4]. In this method, it is environ-
mentally advisable to use soluble in water
or in non-toxic organic substances as a ma-
trix component of polymers [4—6].

It is known that the diameter of the mi-
crofibrils and their length, as well as the
formation of other types of structures (par-
ticles, films) are determined by the
rheological properties of the components of
the mixture and the degree of their inter-
face interaction. One of the classic methods
to influence on the interphase phenomena is
the injection of the third component — sub-
stances that are capable of physical and/or
chemical interaction with the ingredients of
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the mixture. In recent years, the compatibi-
lizating effect of nano-additives in the poly-
mer mixture melts (reduction of the surface
tension) has been shown, which allows for
controlling the processes of structure-for-
mation during the processing of polymer
dispersions and for providing a complex of
new properties to the produects thereof.
Thus, by the processing of the nano-filled
PP/CPA melt mixtures of 30/70 wt. % into
the composite monothreads and films with
the subsequent removal of CPA with an
aqueous solution of ethyl alcohol, complex
threads with a high specific surface and hy-
gienic properties at the level of natural fi-
bers were obtained [7, 8] as well as preci-
sion filter materials [9]. The injection of
nanoparticles (NP) into the melt of a mix-
ture of polymers allows us to combine the
unique properties of superfine fibers and
substances in the nanoscale and to create
qualitatively new materials with predicted
characteristics.

The purpose of the work is to modify the
properties of fine-fiber materials obtained
by processing the mixture melts of
polypropylene/copolyamide by injecting sil-
ica-based nano-fillers.

2. Experimental

2.1. Materials used

For the research, industrial polymer
samples were used: isotactic polypropylene
as a fiber-forming component; copolyamide
(a copolymer of caprolactam and hex-
amethylene adipinat in the ratio of 50:50 as
a matrix polymer; their mixture in the con-
tents ratio of 30/70 wt. %; and nano-filled
systems with a nano-additives concentration
(C) of (0.5+3.0) wt. % of the polypropylene.
The following inorganic compounds were se-
lected as mnano fillers: pyrogenic silica
(Si0y); and two-phase systems of silver/sil-
ica (AQ/SIO,) and titanium oxide/silica
(TiO,/SiO,), (Table 1). The Ag/SiO, nano-ad-
ditive is obtained by glucose restoration of
Ag* ions deposited from aqueous-alcoholic
solution of silver nitrate on the surface of
SiO, particles [10]. In industrial conditions,
the mixed TiO,/Si0O, oxide is obtained by
compatible high-temperature pyrolysis of
SiCl, and TiCl, vapors in air-hydrogen flame
at a temperature >1000°C. The indicated
method provides a high degree of purity
(>99 %) and dispersion of particles
(10+100) nm. At the interface of titanium
oxide/silica, a significant amount of Si—O-Ti
bonds is formed [11].
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Table 1. Characteristics of used nano-additives

Name Average particle | Content of the modifying substance, | Specific surface
of nano-additive size, nm ug/mZ area, mz/g
Ag TiO,
Pyrogenic silica 10 - - 324
Silver/silica 17 16.3 - 296
Titanium oxide/silica 51 - 4.3 62

2.2. Methods used

The mixing of the components was car-
ried out in an LGP-25 worm-disk extruder.
In the gap between the movable and station-
ary disecs of the extruder there are intense
shear and tensile stresses that contribute to
the fine uniform dispersion of the disperse
phase component. To ensure maximum con-
centration of nano-additives in the microfi-
ber structure, it was pre-dispersed in the
melt of PP. Granules of PP/nano-additive
were mixed with a matrix polymer (CPA) on
the same extruder. To study the process of
structure-formation of PP in the matrix,
strands from the investigated mixtures
were formed on LGP-25. Extraction of CPA
from the strands was carried out in 70 %
aqueous solution of ethyl alcohol at a tem-
perature (7015)°C in the Soxhlet apparatus.
The residues of PP were analyzed using a
MBI-15 optical biological microscope and
GEOL GSM-35 scanning electron micro-
scope. Structure formation in the strands
was evaluated by counting the number of all
types of PP structures in the microscope
and determining their sizes. Experimental
data were processed by methods of mathe-
matical statistics; then the average diame-
ter of microfibers (d) and their mass frac-
tions (W) were counted. The specific surface
(SggT) of polypropylene microfibers was de-
termined by a thermogravimetric method by
constructing isotherms of moisture sorp-
tion-desorption versus relative humidity of
the medium. The Sgpp value was calculated
using the BET equation [12]. Hygroscopicity
of PP microfibers was estimated by the
weight method according to the standard
procedure.

Composite films, which are semi-finished
products for filtering materials, were
formed on the worm press through a "fish
tail” type flat-slit head with a jet drawing
of 200 %. Samples of FM were prepared
from the composite films by removing the
CPA in the conditions described for the
strand microfiber. The retention ability of
the filtering materials was evaluated by the
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efficiency of atmospheric air purification
from mechanical impurities using the
counter of AZ-5 aerosol particles in the
range of their sizes of (0.3+1.0) um. The
efficiency of the filtration was calculated as
the ratio of the number of retained particles
of the corresponding diameter to their num-
ber in the air. Permeability of FM was
evaluated on a laboratory bench using dis-
tilled water at a pressure of 0.5-10° Pa.
Specific productivity was determined as the
volume of the filtrate passing through the
filter layer per unit time from the unit of
its working surface.

Studies on the antibacterial activity of
FM filled with Ag/SiO, nanoparticles were
carried out on the test strains of microor-
ganisms and fungi recommended by WHO
according to standard methods [13, 14].
Suspensions of microorganisms were pre-
pared using the Densi-La-Meter device. The
antibacterial activity of the samples of mi-
crofibers was investigated in two ways. Ac-
cording to the first method, the peculiari-
ties of microorganism growth on the surface
of the FM were studied by reproduction of
the contamination by cultures. The samples
of FM were placed in a soy-casein broth at a
rate of 1-107 colony-forming units per a
milliliter (CFU/ml), then they were incu-
bated in a thermostat for 48 h; after that
they were sowing on agar, and the number
of microorganisms that sprouted on a nutri-
ent medium was counted. The evaluation
criterion was the reduction of the number
of viable colonies of the cells of microorgan-
isms for the appropriate period of time
after contamination; this was defined as the
logarithm of the number of the colonies.
The second method was based on the diffuse
of the active substance into the nutrient
medium. For this purpose, the samples of FM
were kept in a physiological saline (at the
ratio of 1:5) for 2 h at a temperature of 37°C,
and then the resulting liquid was poured into
the wells of the nutrient medium. The micro-
bial loading was 1-107 microbial cells per
1 ml of medium and set by the McFarland
standard. For the research, the 18-24 h cul-
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T

ture of microorganisms was taken. The an-
timicrobial activity of the modified FM was
determined by the diameter of the zone of
growth retardation of microorganisms
around the wells (D), in millimeters. Accord-
ing to the technique used [13], filter materi-
als are sensitive to the drug, provided that D
exceeds 10 mm.

3. Results and discussion

Microfiltration using fine-fibrous filter
materials is one of the simplest, most reli-
able and cost-effective methods for cleaning
of gas and liquid media. The main indicators
characterizing FM, namely, retaining ability
(efficiency) and permeability (specific produc-
tivity) are determined by the size and form of
the elements which they are made from. The
average pore diameter of the filtering layers
is the lower, the smaller the size of the struc-
tural elements, and their shape is the more
homogeneous, the more geometrically mo-
notonous and regular is the shape of the
structures that form the FM.

It is known that in the mixing and proc-
essing of polymer mixtures into products,
the component of the disperse phase is de-
formed and destroyed with the formation of
particles in a wide range of sizes and shapes
(spherical, ellipsoidal, cylindrical, and rib-
bon) or their combinations [2, 8]. The final
morphology of the system is the result of a
dynamic balance between the phenomena of
deformation and capillary instability, on the
one hand, and coalescence — on the other.
For in situ formation of fibrils (microfibers)
of one polymer in the matrix of another,
liquid drops of the dispersed phase must
deform and merge into the streams in the
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Fig. 1. SEM images of transverse (a) and longitudinal (b) chips of strand from the mixture with
8i0, content 1.0 wt. %.

direction of flow and maintain a stable
shape until the solidification.

Studying the microstructure of strands
and residuals of PP after extraction of CPA
from them showed that in the mixing of
components on a worm-disc extruder, in
situ formation of the fibrils of a component
of the disperse phase (PP) in the dispersion
medium (CPA) occurs. The injection of min-
eral nano-additives does not change the na-
ture of the structure-formation of PP in the
matrix of copolyamide. SEM images of
transverse and longitudinal cleavages of a
strand from the PP/CPA/SiO, mixture in
the ratio of 30/70/1 wt. % clearly shows
the formation of polypropylene fibrils in the
CPA matrix (Fig. 1).

The performed microscopic studies
showed that the dominant type of structure
in the strands is the PP microfibrils. At the
same time, the particles and films are
formed in a small amount. The injection of
all of the investigated nano-fillers helps to
reduce the microfiber average diameter
(Fig. 2), and to increase the mass fraction
of microfibers (Fig. 3) over the entire con-
centration range. The maximum effect is
achieved with the content of an additive of
1.0 wt. %. As can be seen from Fig. 2, 3,
the modifying effect of the nano-fillers de-
pends on the chemical nature and it is the
most pronounced for TiO,/SiO, nanoparticles
where the average diameter of the PP mi-
crofibrils is minimal, and their mass fraction
is maximal. The mixed oxide is more polar in
comparison with silica, due to the formation
of Ti-OH and Si—O-Ti functional groups on its
surface [11], the fact which additionally com-
plicates the interaction with the melt of non-
polar polypropylene.

Functional materials, 26, 2, 2019
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Fig. 2. Influence of concentration and chemi-
cal nature of nano-additives on the average
diameter of microfibers: 1 — Ag/SIO,; 2 —
8i0,; 3 — TiOL/SIO,.
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Fig. 3. Influence of concentration and chemi-
cal nature of nano-additives on microfibers
mass fraction: 1 — Ag@/SiO,; 2 — SiO,; 3 —
TiO,/SiO,.

Fig. 4. SEM images of polypropylene microfibers. Content TiO,/SiO,, wt.%: a) 0; b) 1.0.

The nanoparticles are pushed out of the
PP melt to the interphase area of the com-
ponents and localized in it. It is known that
the predominant placement of the NP at the
interphase has the greatest effect on the
processes of structure-formation in the
polymer mixture melts by reducing the sur-
face tension [15]. The formation of microfi-
brils of minimum diameters is caused also by
the fact that in addition to the compatibiliza-
tion effect, solid nanoparticles in the PP jets
prevent the decomposition of finest of them
into drops. From electronic microphotographs
it is seen that when introducing TiO,/SiO,
nanoparticles, the microfibers become thinner
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and acquire the regular cylindrical shape. In
this case, "varicose” fibers are practically
absent, which are formed as a result of un-
completed decomposition of the melt jets of
the dispersed phase (Fig. 4).

In order to obtain filtering materials
from the granules of the output and nano-
filled mixtures, a composite film was
formed. In the process of extrusion, gran-
ules of the mixtures are melted, and the PP
jets are decomposed into drops. Sub-
sequently, they experience longitudinal
shear deformation, merge with the forma-
tion of cylinders (fibrils) and are oriented in
the direction of flow when the melt mixture
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Fig. 5. Microphotography of the appearance of FM (a) and SEM image of its surface layer (b).

Table 2. Influence of nano-additives on the efficiency of atmospheric air purification and the

productivity of filter materials

Name of additive Efficiency, % (by particle size, um) Productivity®,
0.3 0.4 0.5 0.6 0.8 1.0 m?/m*h
Without additives 78.6 83.5 85.9 87.8 91.9 99.4 4.05
SiO, 99.9 100 100 100 100 100 10.65
Ag/Sio, 99.3 99.9 100 100 100 100 10.84
TiO,/Si0O, 99.9 100 100 100 100 100 12.23

* at a pressure of 0.5-105 Pa.

passes through a flat-slit head. As a result,
a polymeric composite with a microfibrillary
structure, which took place in the strands,
is formed. After extraction of the matrix
polymer from the films, a non-woven fabric
was received, whose main structural unit
was the initial and nano-filled PP microfi-
bers (Fig. 5). Fig. 5a shows an image of an
FM sample stretched in a transverse direc-
tion; from the figure it is seen that the
microfibers within the layer are parallel to
each other and retain the orientation in the
direction of extrusion. At the same time, in
the surface layer the microfibrils partially
lose their parallelism due to the features of
the CPA extraction process in the Soxhlet
apparatus (Fig. 5b). Using the processing of
initial and three-component mixtures con-
taining 1.0 wt. % of nano-filler, samples of
FM with a filtering layer thickness of
(200420) pm were obtained. The analysis of
the results of evaluating the filtration ef-
feciency of atmospheric air from mechanical
particles (0.83+1.0) um in size shows that
the injection of nano-additives in the struec-
ture of polypropylene microfibers provides
an increase in the precision and efficiency
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of FM (Table 2).The modified filter materi-
als detain mechanical impurities sized of
0.5 um and above with an efficiency of
100 %. This improvement of one of the
main indicators of filters is due, first of all,
to an increase in the uniformity of the fil-
tering layer structure due to the almost
twofold decrease in the average microfiber
diameter and shape improvement. In addi-
tion, when cleaning media from mechanical
impurities sized < 1.0 um through fibrous
filter materials, the so-called "sieve” effect
does not play a significant role [16]. The
precision filtration occurs due to a number
of physico-chemical processes — the effect
of touching, adsorption, and Brownian dif-
fusion. Due to this factors, the FM can hold
particles 5 times smaller than pore size.
The decisive significance of the adsorption
process is demonstrated by the sharp in-
crease in the specific surface area up to
84 m2/g for the initial microfibers and up
to (190+244) m2/g for the nano-filled PP
ones, compared with the fibers formed ac-
cording to the classical technology (Table 3).

Functional materials, 26, 2, 2019
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Table 3. Influence of nano-additives on the
value of specific surface and hygroscopic-
ity of polypropylene microfibers

Name of additive Specific Hygro-
surface, mz/g scopicity, %
Without additives 84 0.17
Si0o, 244 0.35
Ag/Sio, 230 0.31
TiO,/Si0, 190 0.48

The permeability of the filters is deter-
mined by the pressure drop across both
sides of the filtering partition and the ma-
terial resistance to the filtered medium.
Studies on the productivity of FM in dis-
tilled water showed its growth for the sam-
ples which structure contains nanoparticles
of the initial and modified silica (Table 2).
This is an unexpected result, since increas-
ing the precision and efficiency of filters of
any class is usually accompanied by a de-
crease in their permeability. The increase in
productivity, apparently, is due to a de-
crease in the hydraulic resistance of the fil-
ter layer due to the better hydrophilicity of
the nano-filled PP microfibers (Table 3). An
additional factor that provides the maximum
productivity of the FM modified with mixed
oxide, obviously, is the ability of materials with
additives of TiO, nanoparticles to self-cleaning
like leaves of plants, insect wings, ete. [17].

Depending on the application, the filter-
ing materials, in addition to the basic indi-
cators, must meet a number of additional
requirements. It is important that the filter
layer is not a source of growth of microor-
ganisms, has antimicrobial properties, can
withstand sterilization etc. Results of the
study of adsorption of bacteria from aque-
ous solutions by the investigated FM and
nanosized silica are given in Table 4. Com-
parison of the obtained data shows that the
adsorption capacity of the developed fibrous
materials is at the level of silica, which is

known to be an effective adsorbent and is
widely used in medicine.

The biological activity of the developed
materials was studied by the methods of
contamination and diffusion of the active
substance into the culture medium using
the samples formed from a mixture contain-
ing 3.0 wt. % of AgQ/SIO,. In the first
method, the antimicrobial action was de-
fined as the difference between values of
logarithms of microbial load and the num-
ber of viable colonies of the cells of micro-
organisms over the appropriate period of
time. According to the method [14] for bio-
logically active materials, this value should
be at least 2 after two days, and at least 3
after 7 days. Further, the number of viable
colonies of bacteria should not increase.The
modified filter materials exhibit high an-
timicrobial and antifungal activity against
reference strains of Staphylococcus microor-
ganisms and Candida fungi (Table 5). In an-
other method, a physiological solution was
tested after keeping of FM samples in it. The
results showed that the developed fine-fiber
materials were sensitive to all the museum
test-strains of microorganisms and fungi —
the diameters of their growth retardation lie
in the range of (12.3+14.7) mm.

The nano-filled polypropylene filtering
materials withstand 20-time sterilization
with acute vapor and chemical reagents
(water-alcohol solutions and hydrogen per-
oxide) and are regenerated by a reverse cur-
rent by 80 %.

An important advantage of the method
of obtaining a fine-fiber filter material by
extraction of a matrix polymer from MFC is
the possibility of increasing the working
surface of the filter. It should be empha-
sized, that, in contrast to other methods, in
this case the composite film (i.e., MFC) is
corrugated, but not the finished filtering
material. Thus, the possibility of mechani-
cal damage and contamination of the filter
layer is eliminated.

Table 4. Adsorption properties of modified filter materials

Sample name Number of bacteria Number of bacteria Adsorption ability, %
before processing, after processing,
CFU"/ml CFU"/ml
FM modified by SiO, 1.0-108 2.0-108 98.0
FM modified by Ag/SiO, 1.0-108 8.9-10° 99.2
FM modified by 1.0-108 7.2:105 99.3
TiO,/Si0O,
Silica A-300 1.0-108 5.7-105 99.4

* number of colony-forming units

Functional materials, 26, 2, 2019
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Table 5. Antibacterial activity of filter materials modified by nanoparticles Ag/SiO,

Exposure, the day

Reduction of 1g K, (CFU/ml)

Staphylococ-cus aureus
ATCC 6538 (5.74)"

Pseudomonas aeruginosa
ATCC 9027 (5.65)*

Cadida albicans ATCC
885/653 (5.60)*

Primary sown 1.06 0.96 0.98
2 3.27 2.26 2.43
7 4.05 3.65 3.30
14 Microorganisms and fungi have not been detected
* logarithm of microbial loading, (CFU/ml)
4. Conclusions 2. L.A.Utracki, C.A.Wilkie, Polymer Blends
Handbook, Springer NY Heidelberg Dor-
The possibility of forming a composite drecht, London (2014).
film with a matrix-fibrillar structure was 3. Vu Anh Doan, Masayuki Yamaguchi, Recent
established by processing of nano-filled mix- Res. Devel. Mat. Sci., 10, 59 (2013).
tures of polypropylene/copolyamide on a 4. R.J.Shields, D.Bhattacharyya, S.Fakirov, J.
worm extruder through a flat-slit head of Mater. Sci., 43, 6758 (2008).
the "fish tail” type. By extraction of 5. N.H.A.Tran, H.Brunig, M.A.Landwehr et al.,
copolyamide from MFC a fine-fiber material J. Appl. Polym. Sci., 133’ 442 (20186).
made of polypropylene microfiber filled 6. N.H.A.Tran, H.Brunlg, R.Boldt et al., Poly‘
with mineral nano-additives was produced. mer, 55, 6354 (2014).
It was shown that the introduction of the 7. N.M.Rezanova, V..P.Plavan, V.G.Rezanova et
investigated nanofillers improved the homo- al., Viakna a Textil, 4, 3 (2016).
geneity of the filter layer by increasing the 8. I\{'M"}?‘Zzanov? \;..g}.?egz}?nozx:)al,7V.P.P1avan et
mass fraction of microfibers and reducing al., viakna a Texii, &, ( )-
9. P.A.Hlubish, V.M.Irkley, N.M.Rezanova et

their average diameter. The developed FMs
are characterized by increased precision and
efficiency of filtration with a simultaneous
increase in their productivity by a factor of
(2.6+3.0) caused by a decrease in the hy-
draulic resistance of the filtering layer. Due
to the developed specific surface area, the
modified FMs exhibit adsorption capacity
for bacteria at the same level as silica. The
presence of silver-containing nano-additives
in the structure of materials provides an
antimicrobial effect on the museum strains
of microorganisms and fungi. Thus, the
fine-fiber FMs with nano-filled
polypropylene microfibers are deep action
precision materials which can be used for
purification of drinking water, liquid and
gas technological environments of food and
medical industries.
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