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Abstract. In the building industry increasingly used for the manufacture of structural and finishing materials
are silicate-containing nanocomposites, which include multi-functional modifiers, natural substances: mica,
clay, zeolites, tripoli, etc. The physical basis of the implementation mechanism of the modifying effect of nano-
sized particles of silicate-containing minerals in high-matrices is considered. A significant contribution to the
charge state of nanoparticles in the mechanism of forming the structure of the optimal structure is shown.
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1. Introduction

In the building industry as a functional material for the
manufacture for elements of different constructions
(windows and doors, transport water and gas pipelines,
finishing components such as baseboards, mouldings,
flooring) and finishing the residential and industrial
buildings and constructions used compositions based
on polymeric, oligomeric and mixtures of matrix filled
with components of different dispersibility, compound
and mechanism of the modifying effect.

For a proper choice of a polymer composite with
certain parameters of service characteristics (strength,
heat-temperature resistance, wear resistance, resistan-
ce to burning, etc.) it is necessary to establish mecha-
nisms of interaction of components, ensuring the for-
mation of an optimal structure.

Among the most widespread types of composi-
te materials used in the building industry are silica-
te-containing nanocomposites, in which as functional
modifiers are used natural components - mica, clay, tri-
poli, zeolites.

Despite the rapidly developing scope of silicate-
containing nanocomposites, many physico-chemical
aspects of their formation and processing into pro-
ducts remain unclear. This fact hinders the process of
expanding production of functional nanocomposite
materials based on polymeric and oligomeric matrices

with set parameters of service characteristics. The pur-
pose of this work was to analyze the physical aspects of
modifying macromolecular compounds of nano-sized
silicate-containing particles.

2. Investigation

In modelling composite systems, which consist of a
binder and a filling agent, it is possible to allocate three
characteristic types of substances (Fig. 1): substance of
a particle (1), binder (3) and a part adjoining a binder
particle (a boundary layer, 2).
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Fig. 1. Components of a modelling composite: particles
filler (1), binder (3), boundary layer (2)

Lets consider the elementary case, when nano-
particles and the areas modified by them have spheri-
cal forms. Let the volume of system is equal to V, the
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number nanoparticles - to N, radius of a particle - to
r;, thickness modified surface layer - to h,.
Hence the volume of a particle is equal to

_4 5
ij —gT[ Tj . (1)
Modified volume Wj is
4
W, ZEn(rj +hj). @)

If N - number of particles, Vj - volume of j, parti-
cles, then ratio

3)

Defines the relative volumes of all nanoparticles,
or parking factor. The ratio

(03,
c, =—2=
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represents the relative modified volume, <k> - factor of
overlapping of the sites, modified by a filler particles.

3. Results

It is known from experiments that even at small con-
centration nanomeasure particles of the modifier (up
to 0,1 mass %) the properties of a composite on the
basis of polymer can essentially change. In particular
for details made from a modified thermoplastic wear
resistance and strength characteristics can increase
by 20-30 % (ABgerrunx 2007; Kittel 1956; Liopo 2003,
2005, 2007; Narai-Sabo 1969; Ouense, Pool 2). For an
explanation of this experimentally fixed fact it is pos-
sible to use the following model.

Let mass concentration of particles filler C, , mass
and density filling matter m, and p, accordingly, m,, p,
is the same for binder agent. Then

Cm:(l—irmb/mf)_l.

From here, the volumetric concentration filler (3)

©)

is equal to:

(6)

If the volumes (and radiuses) particles of the mo-
difier are identical, then

4
CV=Vl-n=§n rn. (7)

Let the thickness of the modified layer be equal to
h. Then for achieving a full modifying performance of
a condition the necessary condition is

%T[(T+h)3 nk=1, (8)

where k is the factor considering overlap and compac-
tness of modifying areas. It follows from conditions (7)
and (8):

3
(1+ﬁj _1 ©)
r kCV

As my >> m the condition (6) can be presented
in the form of

p
¢, =C,—~. (10)
Py
Then the expression (9) will become:
1
h_| Pr | (11)
r pbcmk

For a limiting case when particles settle down in the
points corresponding to the most dense packing of
spheres with radius (r+h) and an overlap is absent,

’
k = 0,74. When -/ =4 (typical case) and C, =0,1%, we
shall receive: '

h>>15r. (12)

Naturally, the application of the offered model is
restricted, because, first, it is necessary to prove that a
condition (12) takes place, and, secondly, it is necessa-
ry to consider that at the manufacture of a composite
it is difficult to reach a uniform distribution of modi-
tying particles in volume binder matter. It is shown re-
ally that according to the argotic theorem at each point
of substance of a composite at its hashing fluctuation
changes of density occur; and there are divergent stre-
ams that cause occurrence and disappearance structu-
res. Thus it is possible not only a formation but also
destruction of clusters.

Many lower measure particles possess their own
not compensated charge with a greater time of relax-
ation (Avdejchik et al. 2003; Kittel 1956; Belov 1976;
Gusev 2005). If the modified volume in a composite to
consider as a molecular cluster, its formation around of
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the charged particle of the modifier can be described
as follows. The increase of the cluster’s sizes occurs as
a result of interaction of the polarized molecules of an
environment region. From the theoretical analysis of
processes of creation of a composite within the limits
of various approximations the conclusion always fol-
lows that the process of developing a cluster in com-
posite polymeric systems is inevitable. For modelling
this phenomenon the use of the representations stated
in (Avdejchik et al. 2003) is possible.

It is known (ABpgeiruuk 2007) that electric con-
vention in poor conduction liquids arises at action of
forces on a volumetric charge of a liquid. Then consid-
ering the ionic nature of conductivity, it means that the
formed charges (ions or electrons) carry away plenty
of neutral molecules of a liquid. But only when the
relative concentration of charges in a liquid is small
(10°°+10712). The mechanism of such a result is not ab-
solutely clear. However, it is possible to offer a model
of its realization. According to it, even a small size of
relative concentration of charges allows to explain the
movement of plenty of neutral molecules of a liquid
(10%+10'2 molecules in one charge). Neutral molecules
in an electric field can be polarized and enter into in-
teraction with a charge forming a structure “charge-
layer” of dipoles. The external environment of this
structure develops around itself a new layer of dipoles
and so on, before some equilibrium formation which
can be called “charging cluster”.

The number of the molecules entering the charg-
ing cluster can be estimated by the following approxi-
mations:

1. The interaction of polarized dipole molecules of
aliquid around of the central kernel is described
by spherical symmetry.

2. The distribution of corners P(a) between the ra-
dius-vector which is starting with a charge, and
dipole moment of a molecule submits to Gauss
law with a dispersion o.

3. The distribution of corners between dipoles of
n-th and n+l-th layers are similar to distribution
of corners for 1st layer.

Let's define the distribution of corners between
dipoles of n-th layer and a radial direction. Let a_ is a
corner between dipoles of n-th and (n-1)-th spherical
layers. For the first layer distribution (o) looks like

P(al)zﬁexp(—ﬁj.

(13)

For the second layer:

+T1

P(“z)z j P(al)P(azl)d“p

-7

(14)

when

=0,

¢ lafer — (15)

, =0, —a,, O<<m, P(a)

the expression (14) can be written down as:

a

2(\/50)2 '

€Xp| — (16)

1
(2n)"* (V2o)

Thus, distribution of molecules dipoles corners of
the second layer of environment concerning a radial
direction is defined by expression:

P(a,) ! ( % j (17)
a, )=———exp| —= |,
’ (211)1/2 o, 203
where 0, = o2
Let’s show, that if for (n-1)-layer fairly:
1 al
Pla, )= exp| —2L |, (18)
( 1) n_l\/ET[ ( chllj
where
oy =(n-1)0 19)
That for n-th layer fairly condition:
()= e -2 |
Pla,)= exp| -—— (20)
(211)1/ ? o, 20,
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where
o, = n%e. 21)

Really, considering that a,, , =a, —a, , and

+00
P(a,)= I P(a,, )P(otn,n_1 )dqn_1 we obtain:
1
Pla )= X
( " one? (n—l 12
+00 1
4 [_202(;4—1)
2
ﬂanvz a, (’1’;2—1)} a, (n—l) " o
n n
Or
1 2
= 72 p|:— ; :'X
2no? (n—1) 20%n
2
+00 _ _1
J. exp _|:an &, (I’l ):| da . (23)
> 202 (n—1)n "

But
i I:an —a, (n—l):l2 -
_'[oexp 207 (n—l)n %=

12
nl/z .
Then
1 qﬁ

P(an ) - 27_[1/20 i’ll/z p(_ ZOZHJ (25)
and
P((l )_ ;e _i 26

)R, 20 9
where
o = nl/zo 27)

If to accept, that the last n-layer is characterized
by a dispersion of corner o, =m, then the number of
molecular layers in charging cluster is defined by ex-
pression:

nz(n/o)z.

In approach of the spherical form it allows to esti-

(28)

mate and number of molecules in the cluster (N) equ-
als to

3
No 47t(nr) p' (29)

3m

Where p is density of substance, m is mass of one
molecule, 7 its effective radius (in the considered case
it is the dipole size).

The size of the dispersion ¢ is defined by two op-
posite operating factors. The factor of the order stabili-
zation of the polarized molecule at an electric charge is
energy of communication of molecules of next two lay-
ers (). And the factor disordering is energy of thermal
movement (E). Root square the deviation of a corner a,
from zero (o) is defined by the ratio:

ozET/u:kT/zu. (30)

When calculating the energy of communication
(u), it is possible to consider only axial interaction of
the next molecules. It reduces 1 and increases o. Thus,

u> m, (31)

2mee 1’
where Yi is a dipole moment molecule on i-th layer,
r — the linear molecule size of contacting with surface
substance, ¢ is a relative dielectric permeability of envi-
ronment. Dipole moment of the polarized molecule of
non-polar dielectric is defined by relations

- ) 32
X €+2 (32
ey E
p=22 (33)
n

0

where y is polarizability of volume unit, n, - quanti-
ty of molecules in unit of volume, E - intensity of the
electric field created by a charge.

For molecules of cluster we shall receive:

3(e—l)q

. S S 34
n0(£+2)4ne R? (34)

H:

where g - the central charge of cluster, R - the distance
from the charge central to a molecule.

An average value of communication energy <u>
is defined by average value the dipole moment <u>,
whenR="/2

3 (s - 1) q
mnye(e+2)r?

(W= (35)

Hence <u> is defined:
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2
9 (s - 1) q
uy= . 36
() 2mnle’ (s +2)80r2 (36)
Thus for o we shall receive:
_ kTrnle? (s + 2)2 g,r’ -
9 (s - 1)2 q
For poorly conduction liquids (hydrocar-

bonic series of type C H, C H,, C H, ., where

2n’

n = 6+16), the entering into conditions constants have
values: € = (2-3), R=10A, T=300K, n,=5-10% (C,H, ).
Hence:

_1,38:10%3-300-31-25-10
9-4-(1,96)" -10°38
27-25-8,85-10712 1063
9.4-(1,96)110%

(38)

It means that we receive o = 0,15, or n = 400.
Hence, within the limits of considered model thickness
of the modified layer of a polymeric matrix substance
has a size of about 400 nm. In this case for full modify-
ing all volume of polymer radius of spherical modifier
particles should be equaled to about size r > 25 + 30
nm. Such sizes of particles can be received in various
technological ways of dispersion. At reduction of ra-
dius of particles in S time concentration of the modifier
can be also reduced in S time at preservation of modi-
tying effect. Thus, the considered model explains the
action on a polymeric matrix including.

Charging clusters arise either in plasma, in gas or
in a liquid, in high-molecular or other environments,
but they can collapse both due to external influence
and under the internal electric fields. If clusters may be
simulated as a drop, and it is possible to use Rayleigh
approach, according to which stability of the charged
drop is defined by configuration action superficial (F,)
and Coulomb (F) forces:
(%)

F="2

< 2r (39)

- 2
F = 4m rey,
where 7 is cluster radius, Z - number of not compen-
sated electrons, y — factor of a superficial tension.

At small deformations drop cluster for describing
of its stability, we can take the inequality

Z2e? <16my r. (40)

If filling agent particles consist of spherical atoms,
it is possible to apply the theory of spherical packing

for describing the structure with short-range force of
interaction between particles. An internal atom in such
a particle is surrounded by 12 neighbouring ones for-
ming the first coordination sphere. If it is determined,
N coordination spheres and radius of the first coordi-
nation sphere to accept for unit, then the radius of N-th
coordination sphere (ry) is equal to:

=N,

The quantity atoms (k) on N-th coordination sp-

(41)

here is in Table 1. It means that the most dense spheri-
cal packing as for cubic face-centered crystals. The na-
noparticles after grinding of crystals may have this cell.

Table 1. Coordination numbers (k), coordination spheres
(N - its number) at the most dense spherical packing with type
..ABCABC...

N k N k N k N k
1 12 26 24 51 48 76 72
2 6 27 96 52 72 77 96
3 24 28 48 53 72 78 0
4 12 29 24 54 32 79 96
5 24 30 0 55 144 80 24
6 8 31 96 56 0 81 108
7 48 32 6 57 96 82 96
8 6 33 96 58 72 83 120
9 36 34 48 60 48 85 144

10 24 36 36 61 120 86 24
11 24 36 36 61 120 86 24
12 24 37 120 62 0 87 144
13 72 38 24 63 144 88 24
14 0 39 48 64 12 89 96
15 48 40 24 65 48 90 72

16 12 41 48 66 48 91 144
17 48 42 48 67 168 92 48

18 30 43 120 68 48 93 144
19 72 44 24 69 96 94 0

20 24 45 120 70 48 95 48
21 48 46 0 71 48 96 8

22 24 47 96 72 30 97 240
23 48 48 24 73 192 98 54
24 8 49 108 74 24 99 120
25 84 50 30 75 120 100 84

The quantity atoms in these particle (Q,) is deter-
mined by formula

Qy =1+ k. (42)

The considered models allow to understand the
modifying action of doping small mass concentration
nanodimensioned particles. However, for a more strict
arguing adequacy of these models it is necessary for
real processes to prove an opportunity of charge oc-
currence on surface particles. For this it is necessary
to analyse the process of destruction of crystal after
which there are two juvenile surfaces. These surfaces
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have different energy because of defects composition
etc, in crystals with their new surfaces are different.
For electric charges (electrons, ions, radicals, etc.) es-
tablishment of probability of charging transition we
use a barrier model (Fig. 2). There is one-dimensional
dependence of potential W=W (x), where the axis x is
normal to juvenile surfaces of a crystal resulted.
In Fig. 2 function W (x) looks like

0,x<0,(1);
W (x)=4U,0<x<1,(II); (43)

V,1<x,(I).

W
E E
u
1 2 3
0 X

Fig. 2. A potential barrier at creation juvenile surfaces

Let’s consider the movement of a particle from left
to right from area 1 to 3. The wave equations for three
considered areas look like:

Vi=k oy =0,y (44)
where
2 2mE L, 2m(E-U)
1= 2 )
.- 2m(E-V) (45)

For the solution, we take search in the form of:

v, = A]. exp(iij) + Bj (—iij)jd)z’a. (46)
Without breaking a generality it’s possible to con-
sider A| = 1, B; = 0 because in the field 3 there is no
wave moving from right to left, if the charge moves
from 1 region to the 2.
It follows from a condition of a continuity of wave
function and its derivative:

1+B =A,+B,,

kl(l_Bl):kZ (Az _Bz)’

A, exp(ik,l)+ B, exp(—ik,l) =

A, exp(ik3l),

k,A, exp(ikzl) —k,B, exp(—ikzl) =
kA, exp(ik3l).

(47)

The factor of transparency (D) barrier U to a con-
sidered case is equal:

2
13:|A3| : (48)

A, as one of roots of system (48), is described by
the formula:

A - 4k k, exp(—iksl) .
(K, +k, ) (K, +k; )exp(=ik,)
4k k, exp(—ik,])

(k, =k, )(k, =k, )exp(ik,1)’

(49)

At the particle movement from area 3 through a
barrier to area 1 at the same function W(x) (see 43), the
system of the equations is:

B =A +B,

kB =k (B -4),

A, exp(ik,1)+ B, exp(—ik 1) =
A, exp(z’k3l)+exp(—ik3l),

k A exp(ik 1)~k B, (-ik )

k,A, exp(ik,l) ~ k, exp(~ik,]). (50)
It which follows, then:
_ 4k k, .
Y (K + k) (K, +k, )exp(—ik,1)
4k k,
(k —k, )(k, —k, )exp(ik 1) (51)

The factor of a barrier transparency at the move-
ment of a particle from area 3 to the left is equal to:

D= |B[" (52)

Hence, the ratio of factors of a transparency is:
D 2
e A k_l — L . ( 5 3)
D k; E-V
<
Thus, distinction of a deficiency degree in both par-

ties of juvenile surfaces lead to development on it elec-
trical charge sites with the sizes of much greater atomic



Statybinés konstrukcijos ir technologijos, 2010, 2(1): 5-11

power (Avdejchik ef al. 2003, Ajayan 2004, Bragg, Claringbull
1967, Narai-Sabo 1969, Lopio 2007, Lopio 2005, Ouense, Pool 2,
Lopio 2007, Gibson, Schultz 1993).

4. Conclusions

The physical basis of the implementation mechanism
of the modifying effect of nano-sized particles of ge-
osilicates in high-molecular matrices caused by the
uncompensated charge with a large relaxation time is
established. The presence of the charge promotes ac-
tivating the adsorption interaction of polymer macro-
molecule with the modifier and forming in the perip-
hery of the nanoparticle an ordered quasicrystalline
layer that reinforces the composite.

Methods of forming the charge state in silicate-
containing nanoparticles (thermal, mechanical, me-
chanochemical, etc) are determined by the compositi-
on of composite material and its functionality.

These results allow for an informed choice of com-
ponents and technologies of manufacturing and pro-
cessing the polymer nanocomposite materials used in
the building industry.
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NATURALUS SILIKATAS KAIP MODIFIKATORIUS POLIMERINIAMS

NANOKOMPOZITAMS

V. Liopo, S. Avdejchik, A. Ryskulov, V. Struk

Santrauka. Statybos pramonéje apdailos ir statybiniy konstrukcijy gamybai yra placiai naudojami nanokompozitai, kuriy
sudétyje yra nattraliy daugiafunkciy modifikatoriy, tokiy kaip molis, ceolitas, trepelis ir kt. Nattaralaus silikato nanodaleléms
kaip kompozito modifikatoriams jvertinti sitlomas modelis grindziamas fizikiniais pagrindais. Straipsnyje parodytas didelis
nanodaleliy indélis formuojant optimalios struktiros kompozita atsizvelgiant i jy jkrovimo bukle.
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