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Abstract—The surface tension of solutions of epoxydiane resin (M, ~400) in versatic acid monoglycidyl ether
(Cardura) at the interface with air in the range of concentrations ¢ = 5-60% in the presence of non-ionic
surfactants was studied. The effect of concentration of epoxydiane resin in solution on the rate of dispersion of
pigment particles (filler) was revealed. The structural parameters of aggregates of the epoxydiane resin
molecules and pigment particles in the composition, as well as the optimal concentration of oligomeric resin,
corresponding to the maximum rate of dispersion of pigments in solution were determined in the approximation

of the model of fractal clusters.
DOI: 10.1134/S1070427209090067

Investigation of structure and surface properties of
epoxydiane oligomers (EO) in solutions at a liquid—air
and liquid—solid phase boundary is of particular
interest because of the extensive use of the filled
epoxide compositions in protection and anticorrosive
coatings on metals [1, 2]. Such sys-tems include, in
particular, filled compositions based on low molecular
weight EO (M, = 400-650) and versatic acid
monoglycidyl ether (Cardura) [1], as well as pigments
and fillers [2, 3].

In the study of concentration dependence of the
relative viscosity and the intensity of the quasi-elastic
light scattering in solutions of EO was found [4, 5] that
these solutions form discrete associates and an infinite
cluster of EO molecules [6, 7]. The minimum on the
curve of intensity of light scattering in solutions of
epoxydiane resin ED-20 (M, ~ 380) in Cardura
according to [4, 5] is defined by the formation of an
infinite EO cluster at the threshold concentration ¢”.
Note that passing from the dilute (¢ < ¢?) to con-
centrated (¢ > ¢”) solutions of EO leads to a change in
the fractal dimension D and the lattice density of EO

aggregates near the threshold value ¢” [3].

Completing of construction of an infinite EO
cluster in solution occurs at the critical lattice density
of the aggregates of EO molecules. This conclusion is
confirmed [3, 8] by the existence of a global minimum
on the concentration curves of surface tension ¢ in the
EO solutions (M, = 400-3600) at the liquid—air
interface [9]. Minimum on the curves o(c) coincides in
the scale of concentration with the threshold ¢* value
calculated from viscosity data [8, 9], and is connected
with the equality to zero of the second derivative of
Gibbs free energy on the concentration, d°F/dc” [10].

The spatial structure of filled polymers obtained by
curing epoxy compositions with amines [2] can be
represented as discrete areas with different densities of
nodes of the chemical cross-linked polymer and the
aggregates of pigment particles (filler) [3]. Strength
and protective properties of filled polymers depend on
the density of the chemical net nodes, concentrations
¢, of pigment particles, type of distribution and size of
particles in the polymer matrix.

It was shown previously [3] that the degree of
aggregation s of pigment particles in the filled epoxy
compositions increases sharply near the critical cff . The
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Table 1. Molecular characteristics® of oligomeric samples, 298 K
Sample no. Oligomer Epoxide M,+5% | M, /M,+£10% 7o, NM [‘}]’, > S, .
number, % cm’g Pas mN m
1 YD-128S 20.9 410 1.4 0.84 2.5 22.2 52.4
2 Cordurn 17.2 250 - - ~ | 005 | 302

* M, and M,, are respectively number-average and weight-average molecular weights, 7, is hydrodynamic radius of the molecules, [n] is
intrinsic viscosity of YD-128S in solution in Cardure, n is viscosity, ¢ is surface tension of the samples at the liquid—air interface.

lattice density of aggregates (clusters) of particles
reaches a maximum near ¢} and falls in the region of
¢, > ¢}, that determines the shape of the concentration
curves of viscosity n(cp) of filled compositions. The
respective state of the compositions near cff resembles
a dense solution of hard spheres at the percolation

threshold [11].

According to the cluster model [12], the process of
dispersing aggregates (clusters) of solid particles in
liquid occurs in two stages. The decay rate of large
aggregates into small aggregates in the first stage of
the process should be lower than in the second stage,
and the number of particles formed 7 in the last stage
of the process should be higher than in the initial stage.

It can be assumed that the rate of change of average
radius <R> of the particles aggregates at the dispersing
in a fluid should depend on the concentration of EO in
solution, which in turn determines the surface tension
of the liquid on the boundary with air and wetting of
the particles with the fluid [9, 13]. A relationship
between the number n of the particles and the current
average radius <R> of the particles aggregates can be
represented as follows: n(7) = (R/<R>)" [7], where R is
the initial radius, D is fractal dimension of the particle,
t is duration of the process of dispersion [14].

In order to test the predictions of the cluster model
[7, 12], we studied the surface tension of low
molecular weight epoxydiane resin in a solution in
Cardura at the interface with air in a wide range of EO
concentrations and at the adding of nonionic surfactant
into solutions of EQ. Practical aspect of this work is to
study the relationship between the structural and
thermodynamic parameters of EO in the solution and
the rate of dispergation of the pigment particles in the
liquid.

Note that the development of physico-chemical
principles of the construction of filled epoxy com-

positions with an active solvent [1-3], based on the
concepts of the model of fractal clusters [7, 11], is
important for a reliable prediction of the resin
composition. This approach includes selecting the optimal
concentration of EO in solution for the effective
dispersion of fillers, which is relevant to the impro-
vement of technology of the filled compositions [15].

EXPERIMENTAL

We studied industrial samples of epoxydiane resin
YD-128S (Kykdo Chemicals) and Cardura E-10P,
versatic acid monoglycidyl ether, with the total number
of carbon atoms equal to 10 (Shell Chemicals) [1].
Chatarteristics of the samples nos. 1 and 2 are shown
in Table 1.

Surface tension o at the interface of solutions of
YD-128S in Cardura with air was studied by the ring
detachment method with the use of a du Noiiy
tensiometer [10], graded on standard liquids (iso-
octane, ethanol, cellosolve, toluene, benzyl alcohol,
water) in the range of o from 18.4 to 72 mN m™' at 25°C
[16]. The relative error of 15 parallel measurements of
o is £0.3%. Concentration curves of surface tension
o(c) obtained in the range of concentrations of YD-
128S in Cardura ¢ = 5 — 60% at the increment Ac = 1—
5% (Figs. 1-3).

In the study of the effect of surfactants on the
surface tension of YD-128S solutions in Cardura at the
interface with air were used nonionic oligomeric
siloxane surfactants Byk-A530 (Byk Chemie) and
Troysol S-366 (Troy, Eurochime) [17], which were
widely used as dispersant additives in the technology
of processing filled epoxy compositions [15]. To the
solutions of YD-128S in Cardura was added 0.2-0.4%
of Byk-A530 or 0.15-0.45% of Troysol S-366. These
concentrations of surfactants, according to [15, 17] are
optimal for effective dispersion of pigment particles in
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solutions of low molecular weight epoxy resins in
active solvents.

The kinetics of the process of dispersion of pigment
particles in solutions of YD-128S in Cardura in the
range of concentration ¢ = 10-60% was studied on the
example of three filled compositions: on the basis of
iron minium (Arbolit), microtalc (GSHM, Talkon)
[18], and a mixture of microtalc with anticorrosive
pigments [19] chromium oxide (Terrhell, Germany)
and zinc phosphate (SZC, France) in the mass ratio
5:3:2. Mass concentration of the pigments and fillers in
the compositions was 40%. For example, to a solution
containing 24 g of YD-128S and 36 g of Cardura was
added 40 g of iron minium, or microtalc, or its mixture
with chromium oxide and zinc phosphate. The volume
concentration of a pigment in the compositions is
about 31 vol %, which coincides with the critical
concentration ¢* of particles in the infinite cluster in
the case of simple cubic lattice (SCL) [3, 7].

The dispersion of pigments in solutions of YD-
128S was carried out in a bead mill at a rotation
560 rpm. Number of beads (diameter of particles
1.8 mm) in the compositions was maintained equal to
the pigment or a mixture of pigments mass fraction.
The average radius <R> of the aggregated particles of
pigments at their dispersion was found by the wedge
method [19, 20] with a relative error ~10%. Initial
average radius R of aggregated particles of iron
minium and microtalc was 48 and 40 pum, respectively,
the final particle radius <R> = 6—7 pum.

Dispersion component £* of the total surface energy
g, determining the pigment wetting [10], was cal-
culated from the values of the surface tension o on the
boundary of solutions YD-128S with air and the value
of 61, (indices 1 and 2 refer to the liquid and solid
states, respectively) at the solution—pigment interface
by the method described in [13].

The global minimum on the concentration curve of
surface tension o(c) at the interface of solutions of
YD-128S in Cardura with air corresponds to the
threshold concentration of YD-128S ¢@ = 40% and
surface tension G, = 24 mN m"l, which is significantly
lower than the value of o; = 30.2 mN m' on the
Cardura—air border (Fig. 1, Table. 1, 2). The minimum
on the o(c) curve is defined by the formation of a
continuous fluctuating net of YD-128S links in the
surface phase of solution [8]. According to light
scattering data [3, 5], it practically coincides on the
concentration scale with the minimum of the
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Fig. 1. Concentration curve for the surface tension o at the
interface of solutions of YD-128S in Cardura with air in
the range of ¢ = 5-60%; 7'=298 K.
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Fig. 2. Concentration curves for the surface tension o at the
interface of solution of YD-128S in Cardura with air in the

range of ¢ = 5 — 55% in the presence of surfactants. Con-
centration of Byk-A530, %: (/) 0.2 and (2) 0.4
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Fig. 3. Concentration curves for the surface tension o at the
interface of solution of YD-128S in Cardura with air in the

range of ¢ = 5-60% in the presence of surfactants.
Concentration of Troysol S-366, %: (/) 0.15, (2) 0.3, and
(3)0.45.
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Table 2. Characteristics® of the molecules aggregates in the surface phase, surface tension o at the interface with air of
solutions YD-128S in Cardura near the threshold concentration ¢ (experiments 1-3), and after adding to the solutions of

0.2% of Byk-A530 (experiments 4—6) and 0.3% of Troysol S-366 (experiments 7—9), T'=298 K

S | o Ac =06 -0 AF(X10°
ampie ¢, % D £10% o, nm’ () 0 sd, mJ m™
no. 0 J mol
mN m
1 35 30.8 0.6 1.1 5.4 0.5 15.7
2 40 24.0 -6.2 2.0 2.2 2.4 10.3
3 45 28.0 2.2 2.8 1.4 -0.6 14.5
4 35 31.8 (31.1) 1.6 (0.9) 4.6 (5.3) 1.1 (0.7) 16.2(15.7)
5 40 31.7(31.0) 1.5 (0.8) 1.2 5.6 (6.5) 1.5 (1.0) 16.1(15.3)
6 45 32.0(31.6) 1.8 (1.4) (1.1) 6.5 (8.2) 2.3(2.3) 16.3(16.0)
7 35 27.4 (26.8) -2.8(-3.4) 3.5(5.3) -1.4 (-2.7) 13.2(12.9)
8 40 27.6 (26.5) -2.6 (3.7) 1.4 4.0 (6.5) -1.8(-4.4) 13.4(12.7)
9 45 26.5 (25.8) -3.7(-4.6) (1.1) 4.4 (8.2) -3.3(-7.2) 12.7(11.8)

o) is surface tension at the Cardura—air border, D is fractal dimension of the molecules YD-128S aggregates, o is the area per molecule

in the surface phase, AF(c) is Gibbs free energy, €' is dispersion surface energy of wetting of particles microtalc with solution of YD-
128S; in parentheses are the options for the concentrations of Byk-A530 and Troysol S-366 in solution, respectively, equal to 0.4 and

0.45%.

Table 3. Surface tension ¢ and 6 ¢7, at the interface of solutions YD-128S in Cardura with air and microtalc, rate y, (y,) and
the duration At; (Af,) of the process in the first and second stages of the dispersion of iron minium and microtalc in solutions

of YD-128S, T=298 K

¢, | Mt c Ac G2 & v1£10% v2£10% Aty Aty n® n'
% 1 mJ m |
mNm min~ min +10%

0.7° 16.5° 13° 7 7.5 84

o | 03] 300301 | -02(-0.1) | 40.1 | 145
1.3°(1.1)° | 82°(7.2)° | 3°(3)F | 4°(@) - -
1.4° 21.5° 11° 4 10 | 120

40 | 10| 240(GL7) | ~62(1.5) | 354 | 103
2.5°(1.2)° 12°09)¢° | 2°@2)F | 3*(3) B B
0.5° 12 15 8 6.5 84
1.8 | 32.6(31.2 24(1.0 423 | 169 _ _
60 (312) (10) 12°(13)° | 10° (16)° | 5°(5)° | 3°(2° | ~ B

* ny and n, are respectively the number of particles formed at the end of the first and second stages of the process of dispersing; in
parentheses are the options for solutions of YD-128S in Cardura containing 0.2% of Byk-A530. ® At dispersing iron minium in solutions

of YD-128S. ¢ At dispersing microtalc in solutions of YD-128S.

correlation radius of the density fluctuations in the
solutions of resin ED-20 in Cardura. A local maximum
on the curve o(c) corresponds to YD-128S excesses in
the surface phase of the solution with the concentration
c=36% 3, 8].

In dilute solutions of YD-128S in Cardura in a
region of ¢ < ¢ discrete aggregates are formed of YD-

128S molecules, while in concentrated solutions with
¢ > ¢ lyotropic liquid crystal phase appears [4, 5].
Adding Byk-A530 and Troysol S-366 to the

solution of YD128S leads to a drastic change in the
form of the curve o(c). The global minimum on the
o(c) curve disappears completely (Fig. 2, 3). Surface
tension o in the range of ¢ = 35-45% becomes higher

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 9 2009



SURFACE TENSION OF SOLUTIONS OF LOW-MOLECULAR EPOXY RESINS

than 24 mN m ', corresponding to the global minimum
on the curve o(c) at the threshold concentration ¢ in
the absence of a surfactant (Table 2). Adding the
surfactant to dilute (¢ < ¢) and concentrated (¢ > ¢)
solutions of YD-128S led to minor changes in the
surface tension ¢ (Table 3).

Concentration curves of surface tension 6(c) can be
quantitatively described using the expression relating
the value Ac with the dimensionless parameter x = [1]
(where [n] is characteristic viscosity, ¢ is concentration
of YD-128S in the solution, g dI™") [9]:

Ao(c) =06 -0
— an71W(2 —D)/D X(D7 2)/D r(;Z [ln (1 _ (p;urface)/(l _ (pE/OIHmE)]’ (1)

where ¢ and o, are the surface tension of the solution
and the solvent, respectively (Tables 1, 2), k is
Boltzmann constant, w = 0.637 is a coefficient of
random packing of hard spheres, @5 and @3*"™ are
volume fraction of the molecules YD-128S in the

surface and bulk phases of the solution [7, 10].

In the region of global minimum on the curve of
surface tension o(c) near ¢’: do/dc = 0, Ac(c) < 0 and
D =2, for ¢ > ¢ doldc > 0 and D > 2. In the local
maximum of the curve o(c) for ¢ < ¢ are just the
conditions do/dc < 0, Ac(c) > 0 and D < 2 are valid
(Fig. 1, Table 2). The maximum on o(c) curve
corresponds, according to [3, 9], to the minimum of the
lattice density p of the aggregates of molecules YD-
128S in solution, and the minimum of the o(¢) curve to

the maximum density of agree near ¢

Assuming that In (1 — @3"™°)/(1 — ¢3°"™) = const
in the area close to ¢”, from the expression (1) a
relation can be obtained for finding the fractal
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Fig. 4. The increment of surface tension AG = 6 — Gy, on
the boundary of solutions of YD-128S in Cardura with air
as a function of concentration ¢ (%) of YD-128S near the
threshold value ¢*. The fractal dimension D of the
aggregates of YD-128S molecules in the solution
calculated with Eq. (2) equals to 1.1 (¢ < ¢), 2 (¢ = ¢*), and
2.8 (c> ).

dimension D of YD-128S aggregates from the change
in the surface tension Ac(c) = 6 — Ouyin:

(D —2)/D ~ (In Ac/In c). )

The data obtained confirm the predictions
originating from the cluster model [7, 9] (Fig. 4). The
minimum on the o(c) curve for solutions of YD-128S
in Cardura near ¢” is associated with the fact that the
second derivative of the free Gibbs energy d*F/dc* = 0,
and the fractal dimension D of YD-128S aggregates is
close to 2. Free Gibbs energy AF(c) = Acw®s" ™ N,
(N4 is the Avogadro's number) [10] is minimum when
¢ = ¢ and increases with deviation from the threshold

(b)
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Fig. 5. Dependences of the increment of surface tension Ac = ¢ — o, for the solutions of YD-128S in Cardura at the border with the
air on the concentration ¢ (%) of YD-128S in solution in the range ¢ = 30-50% in the presence of (a) Byk-A530 and (b) Troysol S-
366. Concentration, %: Byk-A530 (1) 0.2, (2) 0.4; Troysol S-366 (3) 0.3, (4) 0.45.
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Fig. 6. Kinetic curves of the change in the ratio of initial
radius R to the current average radius <R> of particles
aggregates (a) and anamorphoses of the kinetic curves in
the coordinates [(R/<R>)" — 1] — ¢ (min) (b) for iron
minium dispersed in solutions of YD-128S. Concentration,
%: YD-128S (1) 10, (2) 40, and (3) 60.

¢ value, which is consistent with the thermodynamic
criterion of stability of multicomponent systems [11].
In the region of ¢ <¢”, AF(c) has a local maximum,
which coincides with a maximum concentration of
discrete units YD-128S in a solution with D ~1.1 [8].
When ¢ > ¢, the fractal dimension D of aggregates is
equal to 2.8, the value AF(c) > AF(c") (Table 2, Fig. 4).

According to the cluster model [7-9], the area ® per
one molecule of YD-128S in the surface phase near the
threshold concentration ¢ is ©<r>>"r, , where r, and
<r> are radii of the molecule and the aggregate. The
fractal dimension D of EO aggregates in solution near

the ¢ is approximately equal to 2 [8, 9], so > 7rg.

As in the region of ¢ < ¢ the fractal dimension of
aggregates D < 2, hence o = n<r>""r," and exceeds
the value of mrg. In the region of ¢ > ¢@ at D ~ 3 the

value ® = <> "'r3, or less than the value 7, (Table 2).

It is presumable that surfactant molecules are
localized in the surface phase of the solution YD-128S

Fig. 7. Anamorphoses of the kinetic curves of dispersing
the microtalc particles in solutions of YD-128S in the
coordinates [(R/<R>)" — 1] — ¢ (min). Concentration of
YD-128S (%): (1) 10, (2) 40, (3) 60; the same for Fig. 8.
Concentration of Byk-A530 (%) (a) 0, (b) 0.2; the same for
Fig. 8.

in Cardura [10]. According to the concepts [7], adding
a surfactant to the solution of YD-128S should cause a
decrease in the volume fraction @, of YD-128S in
the surface phase and disintegration of the continuous
fluctuation net of YD-128S links into discrete EO
domains [10].

As follows from the data obtained (Fig. 5, Table 2),
on adding of Byk-A530 (Troysol S-366) to a solution
of YDI28S near the threshold value ¢* the fractal
dimension D of YD-128S aggregates decreases from 2
to 1.2 (1.4). With increasing Troysol S-366 con-
centration in the solution the value of D decreases
further from 1.4 to 1.1. Decrease in the fractal
dimension of YD-128S aggregates in solution in the
presence of surfactants compared with solutions
containing no surfactant leads to an increase in the area
® of the surface phase per one molecule of YD-128S
and to decrease in the density p of the aggregates,
which is undoubtedly connected with the decom-
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position of the continuous fluctuating net of links into
the discrete domain [11].

The quantitative estimation of the effects of the
concentration regimes of YD-128S resin in a solution
on the rate of dispersion of pigment particles in liquid
was carried out using an expression which relates the
ratio of the initial radius R to the current average radius
<R> of the aggregate particles with the reduced time
T =yt of the process [7]

n(t) = (RI<R>)” =1+y1, (3)

where v is the process rate, ¢ is duration of dispersion.

The rate y of the pigments dispersion in various
stages of the process was determined from the change
the radius <R> of the particles aggregates with the
fractal dimension D = 2.3 [14]. Note that, according to
[3], fractal dimension D of microtalc particles
aggregates dispersed in solutions of EO in Cardura in
the region of <R>= 6—40 pum is 2.0-2.5.

Kinetic curves of the change in the ratio of the
initial R to the current average radius <R> of the
particles aggregates in the coordinates [(R/<R>)"—1]—¢
consist of two linear plots, as follows from the data on
the dispersion of pigments in solutions of YD-128S in
Cardura (¢ = 10, 40 and 60%, Figs. 6-8).

The rate of the particles aggregates dispersion in
the first and the second stages (y; and y,, respectively)
determines the length of the respective zones A¢; and
of At, of the kinetic curve on the time scale ¢; the
number 7 of the formed particles is proportional to the
reduced time ¢ (Table 3).

The rate of dispersing iron minium (Fig. 6),
microtalc (Fig. 7) and the mixture of microtalc with
chromium oxide and zinc phosphate (Fig. 8) is
maximal at the threshold concentration ¢ of YD-128S
in the solution. In this case the surface tension o}, at
the border of YD-128S solution with, for example,
microtalc, like the dispersion surface energy € of the
microtalc wetting with solution, are minimal at =
40% (Tables 2 and 3).

Quantitative relationship between the ratio of rates
v2/y1 of the first and second stages of the particles
aggregates dispersion and the ratio At/At, can be

represented by the expression
Yaly1 = At/At (€ + 1). (4)

According to Table 3, the rate y, of conversion of
large particles aggregates of pigments and fillers into
small aggregates in the second stage of the process of
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Fig. 8. Anamorphosis of the kinetic curves of dispersion of
the mixture of particles of microtalc, chromium oxide and
zinc phosphate (mass ratio 5:3:2) in solutions of YD-128S
in the coordinates [(R/<R>)P— 1]~ (min).

dispersion was approximately by an order of
magnitude higher than the rate y, of dispersion of
particles in the first stage, which is consistent with
the expression (4) and theoretical expectations
[7,12].

It is easy to show [3] that for the lattice density of
particles aggregates the expression p = w” *(R/<R>)""
is valid. At the second stage of dispersion of
pigments and fillers in a solution, the lattice density
p reaches a critical value (~0.31), corresponding to
an infinite cluster (SCC, D = 2.5) [7]. The cor-
relation radius & of the particles aggregates, equal to
<R>¢” [11], is about 70 pm, and near the threshold
value ¢ the fractal dimensions D of aggregates of
molecules YD-128S in solution and the aggregates
of pigment particles (filler) are identical [3].

In the first stage Az of the dispersion of iron
minium at the threshold concentration ¢’ the average
radius of particles aggregates decreases from the
initial value 48 pum to <R> = 17£2 pm or,
approximately, e times. Number n; of the particles in
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this stage of dispersion is increased by approximately
an order of magnitude (Fig. 6, Table 3).

In the second stage At#, of the dispersion of iron
minium (¢" = 40%) the average radius <R> of the
particles aggregates decreases from 17 to 6 pm, or
about e times. Consequently, in the final stage of
dispersing iron minium the average radius <R> of the
particles aggregates decreases approximately e’ times
compared to the initial average radius R of the particles
aggregates equal to 48 p, which is also consistent with
the expressions (3) and (4).

At the deviation of concentration from the threshold
value ¢ the rate of the particles aggregates dispersion
sharply decreases both in the first and in the second
stages of the process (Figs. 6-8). For example, in the
second At, stage the dispersing of the iron minium in a
solution of YD-128S (¢ = 60%) the rate y, of the
process falls 2 times relatively to ¢ = 40% (Fig. 6).
Note that the maximum increase in the o value was
found in going from the semidilute ([n]c = 1) to the
concentrated solution of YD-128S ([n]c = 1.8) (Table 3).

The rate vy, of disintegration of large aggregates into
smaller aggregates in the first A# stage of the
dispersing iron minium in a dilute solution of YD-
128S in Cardura ([n]c = 0.3) is reduced approximately
twofold compared to the semidilute solution of YD-
128S ([n]c = 1). The rate y, of the process in the
second stage At, is reduced 1.5 times (Fig. 6).

In the study of dispersion of microtalc and its
mixture with chromium oxide and zinc phosphate
(initial average radius of the particles aggregates R =
35 um) are found similar patterns of the change in the
rate of dispersion of particles in going from a dilute
(c < ¢) to the concentrated (¢ > ¢¥) solution of YD-
128S (Table 3). According to our data (Figs. 7 and 8),
the rate of dispersion of microtalc and the mixture of
microtalc with pigments in the first and second stages
of the process is also maximum at the threshold

concentration ¢

It should be noted that the introduction of non-ionic
surfactant to the solution of YD-128S in Cardura at a
threshold value ¢ does not increase the rate of
dispersion of pigment particles [19, 20]. This is
explained by the fact that at adding of surfactant to the
solution (¢* = 40%) the fractal dimension D of
aggregates of molecules YD-128S is reduced from 2 to
1.2 (1.4). This leads to disintegration of the continuous
fluctuating net of YD-128S links in the solution to the
discrete domains and an increase in the dispersion of

KRASOVSKII et al.

the surface energy &' of wetting the particles with the
fluid. As y = dn/dt ~ exp[—sd/kT_] [21], in this case the
rate y of dispersing the pigments must be less than the
rate y of the process in the absence of a surfactant
(Table 2).

Introduction of surfactants into a dilute solutions of
YD-128S gives no noticeable effect on the rate y of
dispersing pigments in comparison with the solutions
containing no surfactant (Figs. 7 and 8). Adding of
0.2% of Byk-A530 to the diluted solution of YD-128S
(c = 10%) leaves the o and &° values virtually
unchanged, so the rate y of dispersion of pigment
particles (filler) remains the same.

In concentrated (¢ > ¢”) solutions of YD-128S
containing Byk-A530 and Troysol S-366, the rate of
pigments dispersion depends on the surfactant
concentration. For example, at the introduction of
0.2% of Byk-A530 into the solution with ¢ = 60% is
observed an increase in the rate y, of dispersion at the
second part of the kinetic curve of change in the radius
<R> of the particles aggregates, compared with a
solution of YD-128S not containing a surfactant
(Table 3). However, the rate vy, of dispersion particles
in the first Af; stage of the process is about 2 times
lower than at the threshold value in the absence of
surfactant (Figs. 7 and 8).

At adding 0.45% of Troysol S-366 to a solution of
YD-128S with the concentration ¢ = 45%, slightly
exceeding threshold ¢”, the Gibbs free energy change
AF < 0 and larger in magnitude than AF at ¢ = ¢”. In
this case, the dispersion energy € at wetting particles
decreases, and this can lead to an increase in the rate of
the pigments dispersion [10, 13] (Table 2). However, it
should be noted that the use for dispersing the
pigments of a solutions of YD-128S in Cardura in
which the content of a surfactant (in particular, Troysol
S-366) exceeds 0.4%, is undesirable because of the
sharp fall in the protective characteristics of the cross-
linked epoxy coatings.

To conclude, it should be noted that at curing the
studied epoxide compositions (¢ = ¢’) with amines two
infinite clusters are formed , one nested in the other
[7, 9]. The lattice density of the clusters, which reflects
the continuous small-scale chemical net of the
epoxyamine polymer and uniform large-scale physical
net of the pigment (filler) particles distributed in the
domains with low local density of nodes of the
chemical net [3, 9], is close to the critical values 0.69
and 0.31, respectively [7]. At a deviation from the
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threshold concentration of EO in solution in the region
of ¢ > ¢ the usual infinite cluster of the nodes of
chemical net of cross-linked polymer and pigment
particles (filler) is not formed.

CONCLUSIONS

(1) It is shown that the rate of dispersion of
pigments particles depends on the concentration of
low-molecular epoxydiane resin dissolved in Cardura,
which determines the surface tension o at the interface
between the solutions and air, as well as dispersion
energy of wetting particles with fluid and conditions of
percolation of particles and aggregates of the resin
molecules.

(2) The rate of dispersion of the particles
aggregates of pigments and fillers in the solutions of
epoxydiane resin (YD-128S) is maximal at the
threshold concentration ¢ = 40%, corresponding to the
global minimum on the 6(c) curve and formation in the
solutions of continuous fluctuating net of links. The
rate of dispersion of the particles aggregates on the
second stage of the process is approximately by an
order of magnitude higher than in the first stage, which
is consistent with the cluster lattice model.

(3) At the use of dilute or concentrated solutions of
resin YD128S instead of semidiluted solution, as well
as at the introduction to the resin solutions of nonionic
surfactants a decrease is detected in the rate of
dispersion of the particles aggregates. This effect is
associated with the growth of the surface free Gibbs
energy and surface dispersion energy of wetting
particles with fluid, owing to the collapse of the
continuous fluctuating net of links of the epoxydiane
resin molecules in the solution into discrete domains.

(4) At the increase in the concentration of nonionic
surfactants in concentrated solutions of epoxydiane
resin the rate of dispersion of the particles aggregates
increases. However, at the concentration of nonionic
surfactants (dispersing additives) exceeding 0.4% the
protective characteristics of cross-linked epoxy coatings
are reduced, which limits the use of surfactants for
dispersing pigments and fillers.
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