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Abstract. The physico-chemical regularities of
polypropylene microfibers obtained via processing
polypropylene/copolyamide (PP/CPA) mixture melts filled
with nanosilicas have been investigated. It has been shown
that the chemical nature of silica functional groups affects
the viscosity of PP/CPA melts. In spite of the solid state of
additivesthefilling effect does not occur or revealsweakly.
Silicas do not prevent the polypropylene fiber-forming in
a copolyamide matrix but improve it. Thisis explained by
the stabilizing action of silicaadditiveson PPliquid streams.
Nanofilled polypropylenemicrofibers with diameters 0.30—
0.15 mm have been obtained.

K eywor ds. polymer mixtures, viscosity, silica, microfibers,
nanoadditives, interfacial tension.

1. Introduction

During last decade the nanostate is of great interest
and is investigated intensively in the whole world. The
decrease of substance sizes below some critical value
sharply changes its properties and leads to the appearance
of new unique phenomena [1-3]. Nanoobjects are
characterized by a small size, complicated internal
structure, dense packing, strong lateral interactions and
very high ratio between the surface and the volume.
Changing of nanomaterial characteristics is caused not
only by the decrease of structural elements size, but also
by the quantum-mechanical role of the interface. Varying
of sizes and forms of nanostructures allows to obtain
materials with new functional characteristics which are
sharply different from the characteristics of ordinary
materials. Polymer fibers gain the unique properties when
their diameter decreases from micrometers to nanometers.
Very high ratios between the surface and the volume, as
well as the strength, are the most important nanofibers
properties. The electroforming is the most wide-spread
method of polymer nanofibers obtaining [4-6]. Theelectric

field with a high voltage gradient is used to overcome the
surface tension of polymer melts.

The second important direction in science and
technology is devel opment of composite polymer materials
and composite fibers filled with additives in the nanostate.
Carbon nanotubes, fullerens, clay, silica are used as
nancfillers. The fibers with carbon nanotubes have unique
properties: their strength is larger in 6 times than that of
steel, but they are lighter in 100 times than steel [7].
Moreover, filling of the fibers with nanotubes (from 5 to
10 mas %) ensures the high electrical conductivity (on
the level of copper) and chemical stability. Introduction
of clay particles into the fibers increases their electric
conductivity, strength properties, ultraviolet tolerance,
chemical stability and fire resistance. It is known that
polypropylene fibers are difficult for colouring. This fact
limits their using for production of consumer goods.
Introduction of 15 mas % of clay nanoparticles improves
their colouring by various dyes. T. Malysheva and co-
workers[7] investigated and produced the synthetic fibers
filled with oxides of metals (TiO,, AlLO,, ZnO, MgO).
Obtained modified fibers are characterized by
photocatalytic activity, ultraviolet tolerance, electric
conductivity, antimicrobial action, mud repellence and
photooxi dative ability under various chemical and biological
conditions [7].

The main fields of nanostructural materials usage
are: electronics, computer technologies, chemistry,
medicine, catalysis, space technologies, production of
energy, biotechnologies, etc. Polymer nanofibers are used
in cosmetics, military sphere, medicine, production of
filters for purification of water, gaseous media and for
filtration on the molecular level, as well asin other fields
of industry (thermal and biochemical devices) [5, 6].
Literature analysis shows that in the XXI century
nanotechnologies will find wide practical use in all fields
of human activity. However the problems connected with
technical difficulties and high cost price of final products
remain very urgent.
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Using of polymer mixtures leads to the simple,
accessible and effective way of polymer modification.
Processing of polymer mixtures gives the possibility not
only to combine the properties of two or more components
in one product but also to obtain the unique effects [8, 9].
The fundamental investigations in the area of physico-
chemistry of polymer mixture melts have been carried
out in the laboratory of synthetic fibers of Kyiv National
University of Technologiesand Design[10, 11]. Asaresult
of theseinvestigationsthe scientific foundations of ultrathin
synthetic fibers (microfibers) production have been
developed. It has been shown that processing of the
polymer mixture melts offers a new challenge of
microfibers obtaining. The question is about the so called
phenomenon of the specific fiber-formation, when during
polymer mixture melt flowing through a forming opening
the dispersed phase polymer (fiber-forming) forms a great
number of microfibers strictly oriented in the flow
direction under the influence of rheological forces within
another (matrix) polymer. The formed microfibers have
the diameter from several micrometers to tenth parts of
micrometer. The unique structure of microfibers surface
has been confirmed by the electron microscopy: along al
surfaces each fiber is covered by superthin fibrils which
branch off the main microfiber [10]. Such fibers do not
exist in nature and they cannot be produced on the basis
of traditional technologies.

It is known that a liquid stream (cylinder) is
thermodynamically unstable[12, 13] dueto anunfavorable
ratio of the surface to the volume. A liquid stream with
the ratio length/diameter (I/d) more than 4.5 is a
nonequilibrium system and its fracture is determined by
local conditions of the flow, as well as by the rheological
and interfacial properties of mixed fluids. In many papers
it has been noted that the liquid cylinder surface becomes
varicose before its fracture, so periodic thickening and
thinning appear onit. On the basis of Rayleigh and Weber
classical works [14, 15], Tomotika [16] analyzed the
hydrodynamic stability of the liquid stream and explai ned
Taylor’s experimental results. According to the existing
concepts, the appearance of the wave disturbances on
the surface of the liquid cylinder is responsible for its
fracture (Fig. 1).

The fracture causes the disturbance, and its
amplitude increases with the maximum rate. The stream

Fig. 1. Liquid cylinder undergoing capillary wave action
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is destroyed when the disturbance amplitude becomes
equal to the stream radius. This phenomenon takes place
duringthetimet, , called thelifetimeof the liquid cylinder,
or the fracture time.

At first approximation, the lifetime of the liquid
stream (time of break-up for droplets) is determined by
the following expression:

= R11 7, ()
where 7 is viscosity of fiber-forming polymer melt, R is
radius of the liquid stream, y* is interfacial tension.

One can see from Eq. 1 that under other equal
conditions liquid streams of smaller radius are stable at
the decrease of y_, i.e. conditions for obtaining finer
fibersare realized.

We have proposed the working hypothesis that
introduction of filler nanoparticles prevents the growth of
disturbance wave amplitude. Therefore the streams with
considerably smaller diameters will be stable in the
presence of the filler. It leads to obtaining fibers with
Nanosizes.

The aim of this work is investigation of the
possibility to form microfibers with a nanostate filler.

2. Experimental

2.1. Materials

The mixtures of polypropylene/copolyamide
(PP/CPA) with a component ratio of 30 : 70 mas % were
the objects of investigation. Isotactic polypropylene (PP)
is a fiber-forming component (dispersed phase polymer).
Copolyamide (CPA) — matrix polymer is a copolymer of
caprolactam and hexamethylene — adipate in the ratio of
50 : 50. Both polymers are industrial polymers which are
produced in large volumes. Besides PP is cheap and may
be used in medical and food indudtries, it can be processed
in melts without formation of harmful substances [17].
Copolyamide (CPA) has melting temperature 7 which is
close to PP melting temperature and is dissolved in ethanadl.
That iswhy it was chosen asa metrix polymer. The polymer
ratio wastaken according toinvestigations carried out early.
Characteristics of PP and CPA are represented in Table 1.

Nanosilica A-300 (pilot plant of the Institute of
Surface Chemistry, Kalush, Ukraine) and modified
nanosilica MA-200 (MA-200 modified by hydrolyzed
dimethyldichlorosilane) were used as solid additives in

Table 1
Characteristics of initial polymers
n, Paxs n B
Prgg' T K aT=463K
and 7 = 5.6910" Pa
PP 442 420 19 | 20
CPA 443 640 12 | 14
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Table 2
Characteristics of initial silicas
No. Characteristics A-300 MA-200
1 Average diameter of particles, nm 7.0 12.0
2 Specific surface area by BET method Sger, MF/g 300+30 200+25
3 Large particles, mas % 0.04 0.06
4 PH of water suspension 3.6 3.6
5 Moisture, mas % 10.0 15
6 Silica (SIO,) after heat treatment a 673 K, mas % 99.9 99.9
7 Iron oxide (Fe;Os3), mas % 0.003 0.003
8 Aluminium oxide (Al,Os), mas % 0.05 0.05
9 Titanium dioxide (TiO,), mas % 0.02 0.03

fiber-forming PP at concentrations of 0.5; 1.0; 3.0 and
5.0 mas % of the polypropylene mass. Characteristics of
silicas are represented in Table 2. Before using the
unmodified nanosilica A-300 was heated in a muffler at
673 K for 2 h, and modified silica MA-200 was dried in
an oven at 423K for 2 h.

2.2. Methods

Polymer mixtures were prepared using a screw-
disc extruder of a combined type. The principal mixing
part of this machine is a pair of discs: movable and
stationary. Blending of polymers takes place due to shear
and elongation stresses in the slit between discs. The
viscous properties of the melts were investigated using
capillary viscometry in the range of shear stresses (6)
4.98-10°-5.69-10* Pa, at the temperature of 463 K. The
regime of flow “n” was determined using tangent of a
tangent angle slope to the abscissa axis in a given point of
the flow curve. The regime of flowing “n” shows the
deflection degree from Newtonian regime. The elasticity
of the melts was estimated by the swelling “B” of the
mixtures extrudates undergoing to annealing by the special
procedure [18] for complete rel axation of the accumulated
highly elagtic strains. The capability of amixturemelt being
longitudinally deformed was estimated by the maximum
possible spinneret stretching F_, which was determined
as the ratio of maximum velocity of the stream being
winded onto the bobbin to velocity of the melt outgoing
from the die. The processes of structure-formation in the
extrudates of the mixtures were investigated qualitatively
and quantitatively by the methods of light and electron
microscopy with the statistical analysis of all structure
types (continuous and short fibers, particles, films) in the
residue after the extraction of CPA from the extrudates.
Asaresult the average diameters (&) of fibers, distribution
dispersion (¢2?) and weight fraction of different PP
structures were determined.

To study the fracture of microfibers, longitudinal
sections of polymer mixtures extrudates (thickness of the
section is 10-20 mm) were placed on thermal chuckat of a
microscopein animmersion mediumat definitetemperature,

depending on the nature of the polymer, or at room
temperature, increasing it gradually later on. Different stages
of dispersed phase of polymer fiber fracture were
photographed. As described in [19], we treated the
microscope data in terms of Tomotika's theory [16]. In
this case, we determined the wavelength /_and the wave
number 2zR/ A of the destructive disturbance, the radius
R of the initial liquid cylinder (fiber), the radiusr, of the
drops resulting from the fracture, reduced value r /R and
thelifetimet, of aliquid cylinder. Theinitial experimental
data were treated by the methods of mathemeatical statistics.
Theerror indetermining the values of r, and 4 _was + 3.5 %
with the confidence leve of 0.95.

To study regularities in the phase transitions of the
polymer blends, thermograms of melting and
crystallization were recorded using Q-1500D (Paulik,
Paylik & Erdey, MOM, Budapest) apparatus with TG-
DTA (thermogravimetry with differential thermal analysis),
platinum crucibles for ground polymer samples (190 mg
in weight) and Al,O, powder as the standard. The
thermograms of the melting were recorded at a heating
rate # = 5K/min at T = 293-473 K and then the
crystallization curves of themeltswere recorded at cooling
rate f = L5K/min. Melting temperatures (T ), melting
temperature range (AT ), crystallization temperature (T)
and crystallization temperature range (AT) were
determined using the thermograms. The average relative
error was + 2 K. The crystallinity degree (DC) was
determined on the basis of the enthalpy of entirely
crystalline polymer and melting enthalpy of the
experimental sample. On the basis of TGA data the loss
weigth (Am) was found.

A special procedure was devel oped for quantitative
estimation of the structure-formation process in the flow
of the polymer mixture melts. This procedure enables to
evaluate and measure all types of structures which may
develop in the extrudate of the polymer mixture with high
accuracy andreliability. The procedureisasfollows: under
appropriate conditions an extrudate of 50 mm length was
formed from PP/CPA mixture melt. The extrudate was
placed in a packet of light filter paper and the matrix
polymer was extracted by ethylalkohol (ethanol). From
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the PP residue the sample of 0.3 mm length was cut off.
The sample was distributed (under the microscope) in an
immersion liquid on a slide and a quantitative microscopic
analysis was carried out. The data obtained were treated
statistically, determining the average diameter (&) of fibers,
particles, sizes of films, distribution dispersion (¢?),
numerical and weight percent of every type of structure.

The values of specific surface area (S, of the
filter materials were obtained from isotherm of moisture
sorption—desorption at different relative humidity [20].

The efficiency of filter materials was determined
using aerosol particles meter.

3. Results and Discussion

3.1. Rheological Properties of Nanofilled
Polypropylene/Copolyamide Mixture
Melts

The obtained results testify that a chemical nature
of silica influences essentially the rheological properties
of PP/CPA mixture melts. There is a principle difference
of the dependence viscosity versus the content of additive
for methylsilica and A-300 silica (Figs. 2 and 3). The
viscosity of mixture melts containing the methylsilica is
lower than # of the initial PP/CPA mixture melt at all
investigated shear stress (Fig. 2). The curves have the
extremum at methylsilica content of 1 mas %. At further
increasing of additive content the viscosity grows but it is
lower than # of the initial mixture melts. The effect of
filling with a solid filler develops in such a case.
Introduction of A-300 silica causes the structurization of
mixture melt owing to interactions of silica sylanol groups
with each other and with functional groups of CPA
macromolecules. As a result of both processes the
hydrogen bonds are formed. The latter is a reason of
viscosity increasing (Fig. 3). However under conditions
of the mixture melt processing (z = 5.69:40* Pa and more)
a small increasing of the melt viscosity occurs (Fig. 3).
In our opinion a minor effect of the filler on PP/CPA

400
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Viscosity, Pae s

0O 1 2 3 4 5
Content of methylsilica, mas %

Fig. 2. Influence of methylsilica additives on viscosity of
PP/CPA melt at t-10*Pa: 5.69 (1); 3.5(2); 2.3 (3)
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Fig. 3. Influence of silica A-300 additives on viscosity of
PP/CPA meltat t-10*Pa: 5.69 (1); 4.2 (2); 3.5(3)
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Fig. 4. Dependence of the maximum possible spinneret
stretching versus silica A-300 content
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Fig. 5. Dependence of extrudate swelling versus silica
A-300 content



Polypropylene Microfibers with a Filler in the Nanostate

mixture melts viscosity is explained by a filler nanostate.
Thus the traditional mechanisms for ordinary fillers are
inapplicablein this case.

The dependence of the maximum possible spinneret
stretching (F, ) upon silica content is expressed by the
curve with maximum at 3 mas % of additive (Fig. 4).
Thusthe capability of amixturemelt of being longitudinally
deformed increases. This is explained by forming the
specific interactions between CPA macromolecules and
hydroxyl groups of silica, which aresituated on the surface
of silica particles. As a result the strength of melt stream
increases. Thevalue of extrudate swelling“ B” isanindirect
characteristic of the melt elasticity. Early it has been
shown, that extrudate swelling correlates with the specific
fiber-formation: the larger is the number of the formed
microfibers in the flow of mixture melt and the thinner
they are, thelarger arethe values of “B”. Our experiments
show that introduction of silicasinto PP/CPA mixture leads
to the increase of extrudate swelling. The curve B = f
(silica content) passes through the maximum when the
additive content is 1 mas % (Fig.5).

Thisisan indirect evidence of the pronounced fiber-
formation of polypropylene in the copolyamide matrix.
The latter is confirmed by direct microscopic data.

3.2. Peculiarities of Structure-Formation
Processes in Filled PP/CPA Mixtures

We were the first to establish that introduction of
silica additives into polypropylene/copolyamide mixture
improves PP fiber-forming at PP/CPA mixture flowing:
PP microfibers in ternary extrudates (2.0-2.6 um) are
much smaller than those in the binary mixture (4.0 pm)
(Table 3).

Thisfact isexplained by theincrease of breakdown
time (lifetime) of a liquid stream in the presence of slica.
For ternary mixture themass part of PP microfibersincreases
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to 97.4 against 55.4 % for the binary mixture. The film
content sharply decreases at introduction of silica. Thus
the most important result obtained in our work is that the
silica additives do not prevent PP fiber-forming in a CPA
mass. This confirms our proposed working hypothesis
about astabilizing action of silicaadditives during thefiber-
forming process. The particles of silica are situated in PP
microfibers which are the matrix for nancfiller. Thus the
possibility of PP fibers modification appears.

The results of electron microscopy confirm the
stabilizing action of silicaadditiveson polypropyleneliquid
streams, which are formed during processing of PP/CPA
mixture melts. There is a great number of varicose fibers
and particles in the extrudate of binary PP/CPA mixture
(Fig. 6a). They are the result of the thinnest polypropylene
streams breakdown. Introduction of silica in amount of
1.0 mas % stabilizes the liquid streams. As a result the
varicosity has no place (Fig. 6b), the fibers of
0.3-0.15 pum diameter appear.

All mentioned above sharply increases the specific
surface of polypropylene microfibers and the filter
materials based on them (Table 4).

If the specific surface of polypropylene microfibers
from binary PP/CPA mixture is 84 n¥/g, then introduction
of silica increases it to 352 né/g (Table 4). That is why
the filter materials produced from ternary PP/CPA/ silica
mixtures are characterized by high efficiency at filtration of
particles the size of which is less than one micron (Table 5).
Thus silica additives not only favor polypropylene fiber-
forming in copolyamide matrix, but also improve it.

3.3. Peculiarities of PP Liquid Streams
Breakdown

According to the classical Rayleigh-Weber-
Tomotika theory [14-16], the disturbance amplitude a
(Fig. 1) during stream breakdown grows exponentially
with time t

Table 3
Influence of silicas on structure-formation processes in PP/CPA mixtures
Ratio of mixture Continuous fibers Short fibers Particles Films
components, mas %
dum | mas% | o° | dum | mas% | d,um | mas% | mas%
PP/CPA 30/70 4.0 55.40 14 2.2 1.35 25 0.05 43.2
PP/CPA/A-300 30/70/0.5 2.6 78.30 0.5 2.1 0.9 2.3 002 20.78
PP/CPA/A-300 30/70/1 2.0 91.0 0.3 1.8 0.04 2.0 0.01 8.95
PP/CPA/A-300 30/70/3 2.2 97.38 0.4 1.9 0.50 2.0 0.02 2.10
PP/CPA/A-300 30/70/5 2.4 78.58 0.4 2.1 1.0 2.1 0.03 20.39
PP/CPA/methylslica
3070/1.0 2.3 91.80 0.5 1.7 0.78 1.2 0.02 7.40
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fR--0.100 b

b)

Fig. 6. Electron microphotographs of ultrathin polypropylene fibers filled with A-300 silica
Silica content (mas %): 0.0 (a) and 1.0 (b)

Table 4

I nfluence of A-300 silica additives on specific surface of PP

micr ofibers
Silica content, mas % Specific surface, m’/g
0 84
0.5 197
1.0 244
3.0 307
5.0 352

Table 5

Efficiency of air filtration through filter material made from PP/CPA/A-300 mixture (30/70/1.0 mas %)

. . Number of particlesin litre .
Particles size, um inintd ar T after the filter Efficiency, %

1.0 19.311 0 100
0.8 74.554 0 100
0.6 256.806 0 100
05 341.794 0 100
0.4 356.169 0 100
0.3 365.217 1 99.999

a =a,exp(qt) 2 The analysis of kinetics of the PP microfibers

where a, is the initial disturbance amplitude; q is the
instability factor, which isa complex function of thewave
number X = 27R/A_and the ratio between viscosity of the
phases K = 7./,

4= G RF(X.K) ®

In logarithmic coordinates the a vs t dependence
is represented by a straight line
Ina =Ina,+qt 4
The tangent of this line slope to the X-ax is the
instability factor q.

breakdown in the CPA matrix shows that the experimental
dependence of the disturbance amplitude adeviates from
a straight line at the final stages of breakdown. Eq. (3)
establishes the relationship between the instability factor
of the stream and interfacial tension y which is the most
important macroscopi ¢ characteristic of polymers mixture.
The surface energy, structure, and length of interphase
layer can be determined using y  value. On the basis of
above mentioned Chappelear [Zlf suggested a method for
measuring the interfacial tension in a mixture of two
polymers, one of which forms liquid streams (fibers) in
another polymer. Experimental measurement of yaﬂin

polymer mixtures (especially in melts) is very complicated.
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Table 6
Par ameter s of PP microfibers breakdown in CPA matrix
Ratio of mixture rd, . 2R/ tiiter tite/R, Vops
components, mas % R, um pm pm o/ R Ams S S s/um q mN/m
PP/CPA 30/70 2.16 379 | 1556 | 1.75 0.87 84 38.9 0.0398 2.36
PP/CPA/A-300 30/70/1.0 1.37 254 | 1153 | 184 0.75 55 494 0.0292 0.61
PP/CPA/methylslica30/70/1.0 152 2.83 | 13.17 | 187 0.72 75 62.4 0.0250 0.75
Table 7
Temper atures of phase transitions in PP/CPA/silica mixtures
Ratio of componentsin Melting Dm, Crystallization
PPICPA/A-300 mixtures, wt % wt % CPA PP
T,K | DI, K ToK | DT,K | ToK | DT, K | DC.,%
100/0/0* 441 28 0 - - 386 10.0 43.1
0/100/0* 439 26 21 411 6.0 - - -
30/70/0 441 18 23 413 6.0 395 6.0 185
395
30/70/0.5 438 15 22 412 6.0 392 3.0 38.5
381
30/70/1.0 442 14 11 415 4.0 398 4.0 26.6
30/70/3.0 442 15 15 413 4.0 395 4.0 24.9
30/70/5.0 443 21 1.2 412 4.0 gg; 4.0 325

* after extrusion at screw-disc extruder

Therefore, application of the theory of destabilization of a
liquid cylinder for determining Vup is of particular interest.

On the basis of experimental data concerning the
kinetics of microfibersbreakdownin the polymer mixtures,
we have calculated the values of interfacial tension
(Table 6).

It is obvious that obtained yaﬂval ues are low. This
istypical for polymer mixtures [19] and explained by the
presence of a transition layer at the interface of the
components. Data from Table 6 show that introduction
of silica additives essentially increases the lifetime of PP
liquid cylinder (stream) and decreases the interfacial
tension. Both thesefactors earnestly confirmthe stabilizing
effect of aerosil additives on PP liquid streams. It opens
the way of obtaining thinner PP microfibers. Obtained
data are in agreement with the results of electron
microscopy (Fig. 6). Thus, experimental results confirm
our working hypothesis about the stabilizing action of silica
additives.

3.4. Effect of Silica Additives on Phase
Transitions in PP/CPA Mixtures

The morphology of the polymer mixture is
substantially determined by components capability to
crystallization. From Table 7 it is seen that PP has high
melting and crystallization heats.

Copolyamide hasanirregular chemical structure and
its melting and crystallization heats are less than those for
polypropylene. At melting the loss of PP mass has no place
while for initial CPA Amis 2.1 %. This is explained by
lowmolecular compounds forming during CPA melting
followed by their evaporation. These |lowmolecular
compounds have the plasticizing action on CPA melt. The
processes of PP and CPA mdting in the mixtures proceed
simultaneously. At crystallization CPA crystallizes the first
and PP crystallizes on the solid surface (epitaxial
crystallization). That is why some increase of PP
crystallization temperature takes place (Table 7). The
decrease of PP crystallization heat and DC_is explained by
its disperse state in the mixtures. It is known [22] that the
crystallization rate of the polymer in the mixture is
determined by its degree of dispersion: the rate decreases
with the size decrease of dispersed phase. It is connected
with the changes in the transition layer which is formed
between mixture components. The quantitative microscopic
analysis shows that PP forms a great number of continuous
mi crofibersin CPA mass. For ternary PPICPA/silicamixtures
the PP fiber-forming is improved and PP content in the
transition layer increases. Two additional peaks appear on
crystallization thermograms of PP/CPA/silica mixtures
(Table 7). For ternary mixtures the loss of CPA mass
decreases. It is explained by the absorption of lowmolecular
compounds on the surface of silica particles.
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One can see from Table 7 that narrowing of the
temperature intervals of crystallization and melting
processes has place for ternary mixtures. The degree of
PP crystallinity in ternary mixtures also increases
compared with that in the binary mixture. This result is
stipulated by intensification of nucleation over silica
particles and solid surface of CPA, which has already
crystallized during the cooling process. Thus, introduction
of high dispersive silicas into binary PP/CPA mixture is
the effective method of the structure-formation regulation
for the polymer di spersed phase during mixture processing.

4. Conclusions

For the first time the influence of filler (silica) in
the nanostate on the flowing and structure-formation
processesin polypropylene/copol yamide mixture mel ts has
been studied. It has been shown that silica additives do
not prevent polypropylene fiber-forming in the
copolyamide matrix, but improve it. Thisfact is explained
by the stabilizing action of silicaadditivesonliquid streams
of PP by suppression of the disturbance wave amplitude
growth. All above-mentioned has ensured PP microfibers
obtaining with an increased (in three-four times) specific
surface. Nanosilica with grafted dimethylsilyl groups is
the more effective additive for fiber formation than non-
modified nanosilica due to its stronger affinity to
polypropylene.

It has been shown that the rheological properties
of filled PP/CPA mixture melts are determined by the
chemical nature of groups over silica particles surface.

The stabilizing action of silica additives has been
confirmed by data about the increasing life time of PP
liquid streams in CPA matrix and essential decreasing
interfacial tension. Thus the proposed by us working
hypothesis about the stabilizing action of silica additives
has been confirmed.

Addition of nanosilicastothe binary PP/CPA mixture
changes phase transitions of polymers. Nanoparticles of
silicas can be crystallization centersresulting intheincrease
of crystallinity degree.
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HOJIITPOIIIVIEHOBI MIKPOBOJIOKHA
3 HAITIOBHIOBAYEM B HAHOCTAHI

Anomauin. J{ocniosxceni Qizuko-ximiuni 3aKOHOMIPHOCII
00epPIACAHHSL NOLINPONINEHOBUX MIKPOBOJIOKOH UWISIXOM nepepod-
Jenns posnaaeie cymiueil noainponinerlcnisnoniamio (IIICIIA),
HanoeHenux Hanokpemuesemamu. Iloxkaszano, wo ximiuna npupooa
yHKYil HUX epyn KpemHe3eMie GNAUBA€E HA 6’ A3KICMb PO3NIAGI6
IITIICIIA. Hessaogcaiouu na meepouil cman 006aeKku, epexm
HANoBHeHHs He Mae Micys abo nposgnsicmovcs ciabo. Kpemnesemu
He nepeukoodicams 80J0KHOYMBOPEHHIO NOLINPONILEHY, d
noxkpawyoms 11020. OcmauHe nOACHIOEMbCL CMAOINI3YI0u010 JIEI0
Hanoodobasku na pioxi cmpymeni I1I1. Odeporcani noninponinenosi
mikposonokna 3 oiamempamu 0,30—0,15 mxm, nanosuneni
HAHOKp eMHe3eMami.

Knrwuoei cnoea:. cymiwi nonimepis, 8 a3kicmub,
MIKPOBONIOKHA, KpeMHe3eM, HAHOO000ABKU, MIdchasHul Hamse.





