Introduction Crosslinked unsaturated elastomers are very sensitive to atmospheric
ozone action [1, 2]. Ozone react with surfaces of elastomers goods forming cracks
what leads to a loss in performance characteristics and ultimately to the failure of
articles made from them. It's possible to find in literature many empirical papers
presenting experimental data on elastomers aging in ozone atmosphere [1, 4-5].
Although of great practical importance, the intimae mechanism of crack formation and
kinetic it growth has been poorly studied up to the present [4,5]. The kinetics of crack
growth has been investigated in terms of stress decreasing in a stretched specimen [6]
and increasing in the length of a single crack.[7]. The results of these studies stand in
disagreement with one another (Fig. 1). Fig. 1 - Crack growth rate (Vcr) versus time
according to the data published in references 4 and 5 While a single crack grows at a
constant rate, the growth rate of a total area of crack surface, determined from the fall
of stress, is complex. It was published some attempt to use automatic system with
computer treatment of experimental data and forecasting of real stability of a new
elastomers to ozone aging [4]. Such attempts need in more advanced kinetic modeling
of ozone aging process. The present paper gives an analysis of the kinetics of the
growth of cracks on most sensitive elastomer to ozone action - vulcanized synthetic
poliisoprene (SKI-3.). Experimental Polyisoprene (SKI-3) unfilled rubbers vulcanized by
sulphur were used. The composition of the initial mixture have had 100 parts by
weight of rubber, two parts of zinc oxide, two parts of zinc diethyldithiocarbamate and
two parts of sulphur. The mixture was rolled at 50-70°C for 12 min, then placed in the
press and vulcanized at 143°C for 30 min for the preparation of specimens in the form
of 100 x 100 x 0-4 mm plates. The plate was cuted into 30 x 5 mm bands. Specimens
stretched by 20% were placed in an inert medium for 3-10 h to complete the
processes of physical relaxation, fixed in a revolving clamp and introduced into the
ozone chamber. Fig. 2 - The ozone chamber The ozone chamber, shown in Fig. 2, had a
glass cell, about 7 cm3 in volume, provided with a removable cover, and with an inlet
and outlet for the gas flow. Ozone was generated by passingoxygen through narrow
gap between two electrodes selected glass dielectric supplied by approximately 8-kV
discharge, ozone concentrations in the gas flow at the cell inlet and outlet being
measured spectrophotometrically at A= 254 nm. Ozone concentration varied between
1,8 x 10-8 and 7,3 x 10-8 mol/l by regulating electrode voltage. The gas flow rate (100
ml/min) and the chamber temperature (200°C) were maintained at constant levels.
During passage through the ozone chamber, more than 70% of the ozone in the gas
flow was absorbed. The kinetics of crack growth was studied in transmitted light by
means of optical microscopy using a microscope MIN-8 with x100 magnification. Area
1 x 3 mm was chosen in the center of each sample under study, in which the length,
width and depth of all cracks formed were measured. Minimal sizes of these cracks
were 00075 x 0015 x 001 mm. Results Crack dimensions as a function of time are
presented in Table 1. These data show that the length, width and length-width product
are not suitable as measures of sample cracking. Alternatively, the average value of



crack surface has been assumed to be a measure of the degree of cracking, which is
determined as an arithmetical mean of the total crack surface per cubic millimeter of a
chosen area of a specimen. The crack has been considered to be a pyramid with a
rhombus as its base, whose diagonals correspond to the length and width of the crack,
its height being the crack depth. Table 1 - Parameters of Cracks T, min 11x10-2 12 (I11x
[2) x10-3 Sx10-3 um pum2 15 30 45 60 75 90 105 120 135 0,40 0,70 1,06 1,39 2,08
2,43 3,20 3,26 3,400 5,03 12,38 18,60 22,00 26,41 30,08 33,12 35,33 35,9 0,20 0,87
1,98 3,07 5,50 7,32 10,59 11,58 12,26 1,48 4,51 6,91 11,63 23,79 28,06 33,97 44,65
48,99 Note: |1 and 12 are, respectively, the width and length of a crack; [0O3} =
1,83x10-8 mol/l. Figure 3 shows the dependence of crack surface on time of exposure
to ozone at various concentrations. Evidently, the experimental data can be described
either by the parabolic equation St = atn (1) or by the equation of a straight line: St =
a + b(t -7i) (2) where S is the crack surface at time T, and a and b is the
proportionality coefficients; Ti is the period of slow growth of cracks. Under a parabolic
law (1) experimental data Fig.2 became straight lines in logs - log plot coordinates and
formed the family of straight lines (shown in Fig. 3). The index “n” (egn (1)) was
obtained from the slope lines. The values of “n” lay within the range 1,2-1,7. The
model underlying a parabolic dependence assumes that the growth of cracks is
accelerated due to the expansion of fresh surface with increasing crack size and a
value of “n” must to be = 2. Described above data stand in contradiction with model.
The lower values of “n” and it change with ozone concentration make it impossible to
describe the process in terms of parabolic dependency. Fig. 3 - Time dependance of S .
Here and on the Fig. 4 and 5 [03]0x108 = 1-83(1); 3:65 (2); 5-48 (30; 7-30 mol/l (4) If
dependence (2) holds, all experimental data must fall on a straight line described by
the equation (S - a)/ b = T - Ti (3) Fig.4 data shows that experimental data stand in
good agreement with equation 3. Table 2 lists the numerical values of the coefficients
i, a and b of this equation, calculated from the data of Fig. 3. The calculation procedure
is described below. From Fig. 5 it follows that the experimental data fall satisfactorily
on a one straight line and, consequently, eqn (2) describes correctly the dependence
of the value of crack surface on the time of exposure to ozone. Values of i, given in
Table 2 were determined by plotting the intersections of tangents A and C on the
abscissa (Fig. 4). It is characteristic that i decrease with increasing ozone
concentration. Comparison of i values with the amount of consumed ozone has
indicated that nearly the same amount of ozone, 20-30 equivalents per double bond
on the surface, is absorbed by the surface at various [03]0 during the period i Such a
high consumption of ozone is due to the renovation of the surface layer during the
course of its reaction with ozone [6]. It follows that T = 6[C=C]/ vg([0O3]0 - [03]g) here
[C=C] is the concentration of C=C bonds in a surface layer, & is the renovation
coefficient which is equal to 20-30 for SKI-3, vg - the rate of gas supply to the ozone
reactor, and [O3]0 and [O3]g are the ozone concentrations at the reactor inlet and
outlet, respectively. Fig. 4 - log St versus logt. Ozone concentrations as in Fig.3 Table 2



- Numerical Values of the Coefficient of Eqn (3) [03]0 x108, mol/l Ti, min bx10-3,
HmM2/min a.10-4, um2 [O03]0x108 mol/I Ti, min bx10-3, um2/min a.10-4, um2 1,83 3,65
52430,510,750,841,355,48 7,3040 301,54 1,48 2,14 2,76 Fig. 5 - Experimental
data in the coordinates of egn.(3) The coefficient a is characteristic of crack surface
size in a bending area. Under experimental conditions a values were dependent upon
the ozone concentration (Fig. 6). The coefficient b is introduced for the region where
the rate of crack surface growth obeys a linear law. This coefficient allows us to count
the effect of the ozone concentration on the rate of crack surface growth. Values of b
given in Table 2 are determined from the slopes of straight lines in Fig. 6. Since the
coefficient b depends upon the ozone concentration B = C[O3}0m (4) a certain b value
corresponds to each experimental curve. The data presented in Fig. 6 and Table 2
permit the determination of the values of C and m in eqn (4), which are 4,81x108 and
0,77, respectively. The exponent of m is less than 1. Obviously, this is due to the fact
that the process occurs under diffusion-kinetic conditions and the ozone concentration
on the sample surface increases more slowly than in the volume of the gaseous phase.
Similar phenomena have already been observed on studying the kinetics of ozone
absorption by elastomers of various nature [7]. Fig. 6 - St versus (t-tl). Ozone
concentrations as in Fig. 3 In general, the dependence of crack surface on the time of
action of ozone and its concentration in the gaseous phase is described by the
equation (5): (5) The validity of egns (2) and (5) indicates that the growth of crack
surface occurs in two stages, a relatively slow one at the beginning of the process and
a faster one which proceeds at a constant rate. The slow stage may be caused by the
decrease in the ozone concentration near the surface due to the physical adsorption
and quick consumption. Experiments on saturated polymers have shown that the
equilibrium concentration of the adsorbed ozone is about 100 times greater than that
of the dissolved ozone [6]. After exhausting of the double bonds in the surface layer,
the rate of the adsorbed ozone consumption go down, its concentration in the near-
the-surface layer increases, and the higher rate of crack growth being observed. The
constancy of the rate of crack growth in the second stage indicates that the whole
crack surface is not active towards ozone. Obviously, the growth of cracks proceeds
near the apexes of cracks in very small sites, the size of which does not change
significantly in the course of the experiment. Otherwise, the rate of surface growth
would be related to the surface value, the experimental data being described by a
parabolic law: DS/dt = nT. The low activity of the surface of a growing crack is
obviously explained by the fact that all C=C bonds on its surface have reacted with
ozone earlier. The surface of a growing crack can be assumed to be in the unstrained
state, all the load being concentrated at its apex. Under this condition no renovation of
the crack surface takes place, while ozone reacts only with two surface layers of the
elastomer [6] This permits to count of the amount of ozone consumed per 1 cm?2 of
forming cracks surface, which was found to be ~8 x 10-10 mol/cm2, what is about 1%
of the total amount of ozone absorbed by the sample.



