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Synopsis

An investigation of the physical structure of samples of phenoaniline—formaldehyde
resol resin in uncured and cured state, and of its phenoplasts containing different ratios
of kaolin filler, was made with the aid of electron microscope pictures. The uncured and
cured resin consists of microglobules of a size of 40-80 A, which agglomerate to form
larger-sized globules of various dimensions. After a mathematical elaboration of the re-
sults of alarge number of measurements, it was established that the diameters of the glob-
ules are casual values distributed in accordance with the normal (Gaussian)law. Bothin
the resin and in the kaolin-filled phenoplasts (at a rate of 25 t0 47 vol-%), after curing at
170°-180°C and a pressure of 300 kg/sq cm, the mean diameter of the observed globules
was of arather steady value and remained within the limits of 230-240 A (with a standard
deviation of 30-40 A). A method was elaborated of determining the mean thickness
of the adsorption coating of the resin on the filler particles. Calculations show that in the
filling interval we have chosen, the thickness of the absorption coating is not below 1.8~
0.6 times the mean thickness of the globules.

INTRODUCTION

Electron microscope investigations show that the physical structure of
thermosetting crosslinked polymers does not constitute a stereocrosslinked
monolithic block, but is an agglomerate of colloid particles immersed during
the polymerization process in a substrate of a [ower molecular weight.!—*

A similar structure of phenol-formaldehyde resin is assumed in Hou-
wink’s isogel® and Stiger’s spherocolloidal theory.®* Barkhuff and Karswell”
examine the individual stages of the formation of spherocolloidal particles
in phenocplasts and relate their size to conditions of reaction and other condi-
tions. Kargin and Slonimskij8 believe the basic type of structure arising in
polycondensation-produced polymers to be the globularone.  Init monomo-
lecular globules are initially obtained, which subsequently, depending on the
character of the molecular chain, combine into polymolecular globules or
form aggregates. In the filled polymers, according to Lipatov,® it is not
the individual macromolecules, but the supramolecular structures of the
packet and globule type, that enter into an adhesion interaction. with the
filler’s surface. In the filler-binder system, a part of the binding agent
forms adsorption coatings around the filler particles, while the remainder
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fills up the voids between them and forms the solvatation coatings. The
ratio between these coatings depends on the particle size and the packing
characteristics of the filler.®® A practical measure in this respect is the
filler’s oil adsorption number, which is directly related. to its resin number
and the properties of the filled plastics.!’ Bessey and Lammiman!? in-
troduce the concept of “true” oil adsorption of pigments (TOA), which is
“the proportion of oil required just to fill the voids in the close packed
powder.”

EXPERIMENTAL

The phenolaniline-formaldehyde resol resin (PAFRR) we have investi-
gated is obtained by the joint condensation of phenol and aniline with
formaldehyde, in a 4:1:7 molar ratio and the utilization of a MgO catalyst.
The kaolin filler we utilized has the following rated granulometric composi-
tion (determined by the Andreasen'® sedimentation method, for a longer
sedimentation time): particles of a size of up to 0.2 4, 23%; 0.2 t0 0.5 g,
209%,; 0.5 to 1.0 g, 169,; and above 1.0 u, 419,. The minimum size of
kaolin particles measured on the electron microscope photos is about 0.05
u.  Its specific surface, determined by the method of the low-temperature
adsorption of nitrogen,'*is 17.7 &+ 0.4 sq m/g.

Three compounds of the resin were prepared by the hot mills method,
with 25.429,, 39.929,, 47.649, kaolin, 39, calcium stearate, and 0.89,
montan wax volumetric content. The mixing was done on laboratory mills
at a temperature of 85°-95°C of the front (work) roll, and of 120°-130°C
of the back roll, during a total mixing time of 8~10 min. Under these con-
ditions, the compounds arc well milled and homogenized to a maximum
kaolin content of about 50 vol-9,. Samples were cured at 170°-180°C, a
pressure of 300 kg/sq cm, and a cure time of 1.2 min per 1 mm thickness.

Fragments were broken off the individual test specimens thus produced,
and the kaolin moldings were prepared at a pressure of 1000 kg/sq em, and
single-stage platinum—carbon replicas of their surface were provided.
These were investigated with the aid of a Hitachi type 11-A clectron micro-
scope with a direct magnification of 40,000 times that could be increased
up to 100,000 or 200,000 times through photographic enlarging. In order
to avoid possible errors in the measurement of the sizes of individual
globules,? their diameters were determined along the linear chains consisting
of 3 to 10 globules in contact with one another. The data on the diameters
of a large number of globules for every sample were processed by statistical
methods, and thereafter histograms were built. %1

RESULTS AND DISCUSSION

The results of the clectron microscope investigations are given in Figures
1 through 8. According to the observation data, the structure of the un-
cured (Fig. 1) and the cured (IFig. 2) PAFRR consists of microglobules of a
minimum size of 40-80 A and an estimated molecular weight of 30,000 to
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Fig. 2. Electron microscope picture (magnification 104,000 ) of cured PAFRR.

200,000, which is of the order of the molecular weight of a number of other
polymers. These microglobules for the most part tend to aggregate to
larger globules of various sizes. Both types of globules manifest a ten-
dency to form chaotically disposed short linear chains.? The physical
structure we observed may have a more general character since it has been
found in other stereocrosslinked polymers as well. .78
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Fig. 4. Electron microscope picture (magnification 104,000 ) of phenoplast (1-5) with
25.42 vol-9, kaolin filler.

After comparing the experimental and theoretical distribution density of
globule diameters with the Pearson criterton,'® it may be said that the ob-
servation data corroborate the supposition that these diameters are casual
values, distributed by the normal (Gaussian) law. The kaolin particles
constitute broken plate-like forms of the hexagonal system with a granular
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0X ) of phenoplast (1-1) with

Fig. 5. Electron microscopc picture (magnification 104,00
32.92 vol-9%, kaolin filler.

Fig. 6. Electron microscopic picture (magnification 104,000 X ) of phenoplast (1-1) with
32.92 vol-9% kaolin filler.

surface with 98 A grains and a 0 = £6 A standard deviation (Fig. 3).
According to the electron microscope observations with filler eontaining
phenoplasts, the breaking of the samples oceurs mainly in the direction of
the plate plane of the kaolin particles (Figs. 4, 5, 7, and 8). Figure 6
shows a microphotography of a single observation object, in which a mul-



1968 BOZVELIEV AND MIHAJLOV

Fig. 7. Electron microscope picture (magnification 104,000 ) of phenoplast (1-3) with
47.64 vol-9, kaolin filler.

Fig. 8. Electron microscope picture (magnification 104,000 X ) of phenoplast (1-3) with
47.64 vol-%, kaolin filler.

titude of small side walls are seen of arranged kaolin plates, and it is diffi-
cult to decide whether what is seen is structures comprising resin globules
or an aggregation of filler.

The plate-like structure of the filler, with the microglobules, is clearly
visible (Figs. 7 and 8), although the globules are less frequent on the kaolin
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surface (Figs. 4, 7, and 8). It is possible that the fission of the resin-made
adsorption coatings between two filler plates is done through the globules
and not along the zones between the globules.! Another explanation of
the observed phenomenon is also possible. In the presence of the lubricant,
the interaction of the globules of the resin with the surface of the filler will
decrease as a result of the interaction of the surface of the filler with the
molecules of the lubricant. The adsorption speed of the smaller molecules,
which is determined by the diffusion, is higher than that of the larger-sized
molecules.? Because of this, it ean be assumed that the surface of the
kaolin particles is coated with molecules of the lubricant. Such a selective
adsorption and coating of the surface of pigments with linseed fatty acids in
paint films is assumed also by Asbeck and Van Loo.!® It is possible that in
our case the breaking of the samples is taking place along the layer of

TABLE 1
Statistical Data of Globule Diameter Measured in the Various Investigated Substances
VCF Statistical
(Volumet- globule mean Statistical standard
ric con- Number diameter and 99.99, deviation and 99.99,
centration of confidence confidence
Type of of the  counted intervalo interval
No. substance filler) 9, globules M+ eg, A om(18)
1 Uncured 0 714 269.41 = 5.78  46.92(42.64 = 50.84)
PAFRR
2 Cured 0 1147 245.02 + 3.66 37.65(35.01 <+ 40.12)
PAFRR
3 Phenoplast 25.42 300 232.27 £ 5.51 29.03(24.81 + 32.71)
1-5
4 Phenoplast 32.92 242 244.29 + 5.63 26.61(22.27 + 30.34)
1-1
5 Phenoplast 47.64 541 237.95 + 4.06 28.68(25.65 <+ 31.42)
1-3

lubricant between the kaolin surface and the globule resin coating. Glob-
ules are observed mainly in the adsorption coatings along the edge of the
plates and in the solvatation coatings which are not linked with the filler
(Figs.4,5,7,and 8). Measurement results are given in Table I.

When comparing the statistical totalities of the diameters of the globules
of the individual substances with the Student criterion in a more precise
way, these totalities show a difference, but the diameters of the most likely
globules in the individual substances, with the exception of the diameter
in the uncured PAFRR, are very similar in size (Table I). On the basis of
the data obtained, it can be assumed that in the production of filler-con-
taining phenoplasts on the mills, a blending oecurs between the filler par-
ticles and the globules existing already in the uncured resin, which form
the adsorption and solvatation coatings preserved after the cure.
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DETERMINATION OF THE MEAN THICKNESS OF THE RESIN
ADSORPTION COATING ON THE PARTICLES OF THE FILLER

Certain authors consider the individual dispersed particles of the filler-
binder system not only as filler particles, but also as particles consisting of
the filler substance plus its adsorption coating of binding agent joined with
the surface of the filler by the effect of the forces of adhesion.® For the
calculation of the thickness of the adsorption coatings, by analogy with
refercnce 10, we assumc that the physical structure of filler containing
phenoplasts consists of particles in contact with one another, which arc
composed of the kaolin particle proper enveloped in an N-number of adsorp-
tion globule coatings. The voids between these close-packed particles arc
filled with globule solvatation coatings. Figure 9 shows a determination
by methods!? of the curves of the void volume in 100 g kaolin depending on
the volume of the added linsced oil at the various experimental pressures.

The “true” oil adsorption (704), comprising the adsorption and solvata-
tion oil coatings for every pressure (p), can be determined by the curves of
Figure 9 at the points where the void volume disappears, and is given by
the equation

TOA = 53.03 — 14.74 1g p. (1

According to the data of Figure 9 and the calculations we made to the
bend of the curves, which occurs at 4.8 ml of linsced oil per 100 g kaolin,
particles of a monomolecular layer of a 24 A thickness® arc formed. This is
the adsorption coating building oil. The oil subscquently added is almost
proportional to the decrease in the voids and is used for the formation of
solvatation coatings. The volume of the latter can be ealeulated by de-
ducing the TOA of 4.8 ml 0il/100 g kaolin, and after a recaleulation it can
be given in vol-%, of the compound, with the aid of the following equation:

4823 — 1474 1gp
*IV T 9048 — 1474 Ig p

X 100 vol-9,. 2)
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Linseea oil, mi per 100 gr k0o (in~
Fig. 9. Volume of voids in pressed kaolin-linseed oil blends depending on pressure.
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Assuming that the ratio between the volume of the solvatation coatings
and the total volume, both with the close-packed particles wrapped in a
monomolecular o1l coating and with such particles wrapped in a N-number
of globule coatings, is kept eonstant (while only the scale factor is changing),
we will be able to apply eq. (2) for filled phenoplasts as well. Under a
pressure of 300 kg/sq em, which is the pressure of their molding, solvatation
coatings account for an estimated 21.8 vol-%, of the total volume. The
mean thickness of the adsorption coating could in that case be derived from
the equation

- (100—VCF) — 0.218 X 100 782 — VCF

4

@7 T YOF X Dy X K X F T 4726 X VCF X K

X 10% (A)

@)

where VCF = the volumectrie concentration of the filler (vol-9,); D, =
the specific weight of kaolin (2.67 g/ml); F = the specific surface of kaolin
particles, determined by low-temperature nitrogen adsorption (17.7 + 0.4
sq m/g); K = a coeflicient accounting the degree of covering of the specific
surface of particles by the structural units of the resin (K < 1).

In the interval chosen for kaolin filling by the hot mills method, which
starts at 25.42 vol-9, and reaches a possible maximum at 47.64 vol-9,
the mean thickness of adsorption coating shall vary between 439/K, A and
135.7/K, A. If we assume K = 1 and the mean diameter of the globules
to be 240 ./o&, then the mean thickness of the adsorption coating shall be
1.8 = 0.6 times the mean thickness of the globule. This also means that
in this interval the filling occurs by the formation of an average of 3.6 + 1.2
adsorption layers of globules between the particles of the filler. In actual
reality, however, and with higher filler ratios in particular, the number of
the thus determined adsorption layers should be greater, because in that
case an aggregation of the filler intervenes and the coeflicient accounting
the degree of coating of the specific surface of the filler is K < 1.
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