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Abstract. The processes of the ED-20 diane epoxy resin
structuring, containing disperse oxidic fillers and
modifiers are studied with the help of the rotational
viscometry method. It is shown that the acid -base
interactions between the functional groups of the resin
part molecules and the active centers of the fillers surface
play the defining role in these processes. The structure
degree is defined both by the total amount of the surface
active centers, and their pKa value. It is approved that the
diffusive phenomena intensity is defined by the acid force
of the fillers hydroxyl groups whereas the share of the
volume effects in the compositionsis small.

Keywords: diane epoxy resin, disperse oxide filler, acid-
base interactions, active center, dynamic viscosity.

1. Introduction

The materials based on the modified diane epoxy
resin with the disperse oxides as their fillers are widely
used in constructions. Unique characteristics and simple
technol ogies enable to use them as the injection structures
for building and construction repair, restoration and
reconstruction, water proof and facing materials as well as
metal, wooden, brick and concrete building constructions
and detail impregnation, pasting and covering.

The structural organization of various diane epoxy
resin systems is studied rather detailed [1-6]. It is shown
that in virtue of the hardeners lack, the intermolecular
interactions existence (IIE) in the resins as well as the
molecules tendency to the association (to supramolecular
structuring) can cause their non-Newtonian behavior [1-3,
6]. In addition, the physical and chemical interactions
(PCI) on the interphase [1-5] significantly influence the
rheological behavior and the composition features in the
filled compositions. It is known that the structuring
processes in the filled diane epoxy resn systems are
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caused by three types of the interactions. volume,
diffusive and interphase ones [3]. However, the questions
connected with their nature and mechanisms are
insufficiently covered in the literature and also there is no
clarity in the matter of any phenomena prevalence. It
especially concerns the multicomponent systems with a
large number of various functional polar groups in resin
molecules, modifiers and fillers surface. The compositions
filled with the disperse oxides and based on the diane
epoxy resin belong to such type of systems.

The polar functional groups presence both in the
diane epoxy resin structure and on fillers surface causes a
wide range of communications and interactions in the
system. Nevertheless, some experimental data show that
the greatest contribution to I1E and PCI is brought by the
acid — base processes of Brensted and Lewis character
[7-11]. The incomplete acid-base interaction likely occurs
while there are no polar solvents and in the context of the
weak acids or Brensted bases (OH-groups). At the same
time, the transition of a proton to the bass, apparently,
doesn't come from the acid, and the interaction comes to
an end at the eectrostatic or hydrogen communication
formation stage, which energy varies within the vast
bounds. Lewis interactions can happen between weak
bases (ether, epoxy, amine, amide groups) and weak acids
(metals atoms with a free orbital on fillers surface) [8]. It
is assumed that these interactions are the cornerstone of
the composition rheological features, and also have a
significant effect on the structure and the cured material
operational characteristics [9]. Therefore, the purpose of
the current work is to find out the role of the acid-base
interactions in the diane epoxy resin structuring processes
with disperse oxidefillers.

2. Experimental

The filled compoasitions based on the ED-20 diane
epoxy resin (Ukrainian state standard 2093-92) modified
by the non-ionic surfactant of Amirol M (technical
specification 38.301-48 49-97) were used as the objects of
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the research. Amiral M is the mixture of the modified
highest fatty acids of castor oil interaction products
(~85% of retsinol acid) and diethanol amide at 1773 K.
Its addition into compositions enables to receive the
injection materials with the possibility of damp surfaces
applying [12]. The air and dry disperse oxides of no more
than 50-63 nanometers particles in size served as the
fillers. They give the improved technological as well as
physical and mechanical characteristics to the materials.
The specific surface of the fillers was defined by the BET
method (Brunauyer, Emmett and Teller). Some
characteristics of the substances and the chemical
composition of thefillersaregivenin Tables 1 and 2.
With the software package development for the
molecular modeling there has been the possibility to
research the spatial conception of the molecules mutual
orientation in the self-organized systems and on the
interphase. The IIE and PCI thermodynamic, power and
kinetic parameters, giving the ideas of various model
system nature [12, 13], can be sat by the calculation
within these programs. The IIE and PCI research on the
interphase was conducted by means of the software
package for the chemical HyperChem system molecular
modeling. In this software package, well-known empirical
methods of molecular mechanics aswell as non- empirical
and semi-empirical methods of quantum chemistry are
used. The method of PM3 semi-empirical calculation,
which enables the best result receiving for big
hydrocarbonic systems, was chosen as the basic one.
Furthermore, the rotational viscometer Reotest-2 with the
working knot “ cylinder-cylinder” was used to provide the
experimental assessment of the modeling results and the
definition of the system structure degree. The value of the
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dynamic viscosity was defined with the accuracy
of 4 %.

A number of physical and chemical methods were
used with the purpose to research the nature and the
characteristics of the disperse oxides surface. The X-ray
phase analysis was carried out by means of the DRON-3
diffract meter at the CuKaradiation. The nature of the
superficial active centers as well as their acid — base
characteristics were studied according to the complex
technique including quantum and chemical modeling,
pH- metric research of water suspensions and pK-photo-
metric definition on the color indicators adsorption.

3. Results and Discussion

3.1. Research of IMI
in ED-20:Amirol M System

The three-dimensional models of molecular
complexes constructed with the function of geometrical
optimization are shown in Fig. 1.

As follows from the modeling, the intermolecular
distance and the molecules dipolar moments, the
molecular complexes values, the enthalpies of the
formation and the energy of the molecules interaction in
complexes have been received. The energy of interaction
of molecules was calculated by a difference:

A+B < AB
Emuval = AHformation (AB) —
- [AHformaIion (A) + A["Iforrration (B)] .

Results of calculations are shownin Table 3.

Table 1
Characteristics of the substances used
Characteristics ED-20 Amirol M
Average molecular weight, g/mol 390430 385
Epoxy content, % 218 —
Density at 298 K, kg/m ° 1160-1250 960-1110
Dynamic viscosity at 298 K, Pa:s 23.0 15
Table 2
Fillerschemical composition
. . 5
Filler Specific surface N zggl?tlgg/m Content of oxide, wt %
S mig 3 SO, AlO; Fe,03 TiO, Cao MgO
Diabase powder (DP) 1.90 2850 45-76 7-14 4-15 - 4-6 2-17
Red slime (RS) 11.35 3350 4-5 9-10 70-74 5-6 2022 | 0405
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c)

Fig. 1. The three-dimensional models of molecular complexes ED-20+ED-20 (a);
ED-20+Amirol M (b) and Amirol M+Amirol M (c)
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Table3

Power and dimensional parameter s of molecules
and molecular complexesin the syssem ED-20+ Amirol M

Mol ecuggrggg lecular Dipole moment D, p AH:ormation, KJ/mol Eutan, KJ/mol Dlri?)lngceull:)gween
ED-20 3.96 —473.97 - -
Amirol M 495 -1033.22 - -
ED-20+ED-20 6.62 -882.35 65.58 75
ED-20+Amirol M 5.27 —1507.02 0.17 8.6
Amirol M+Amirol M 0.54 —2076.73 10.29 52

The three-dimensional images of two molecules
intermolecular interactions in the diane epoxy resinand in
the molecular complex ED-20+Amirol M as well, are
received by means of the geometrical optimization. It is
assumed, that the resin molecules are guided by the epoxy
group of one molecule to the hydroxyl group of the other
one, relatively to each other (Fig. 1a). The closest distance
between them makes 7.5 A. It means that, perhaps, there
are no hydrogen bonds in the diane epoxy resin, as it is
known, that the length of the hydrogen bond does not
exceed 3A. At the same time, the calculated dipolar
moment of the complex is twice as much as the isolated
molecule, and the I1E energy is of rather great importance
65.58 kJ/mol. The received values don't exclude the fact
of the hydrogen bond existence, which energy, as we
know, does not exceed 20 kJ/mol. All these facts testify to
rather intensive intermolecular 1lE, which in turn, can
cause high viscosity and rather big superficial tension of
the diane epoxy resin. In the molecular complex
ED-20+Amirol M energy of interaction is three orders
less than at bigger (8.6 A) distance between molecules
(Fig. 1b). It shows much weaker IIE in the complex. The
calculated value Emyua = 0.17 kJ/mol for this complex is
nearly two orders less than the weakest Van der Waals
interactions (Emuwa ~4 kJ/mol). With reference to Fig. 1 it
can be seen that the molecule of Amirol M is guided by
the hydroxyl group, located in the hydrocarbonic radical
chain, to the hydroxyl group of the molecule ED-20. It is
obvious that this hydroxyl group has a weak basic
character asit is guided to the acid hydroxyl ED-20 group
and can cause a wesk Brensted acid-base IIE in the
complex. Taking into consideration quite great value of
Amiral M dipolar moment (4.95 D), it is possible to claim
that the hydroxyl groups in the structure of dietanol
groups have a weak acid character. The assumed fact is
confirmed by the received three-dimensional model image
of the Amiroo M+Amirol M complex (Fig. 1c). The
orientation of Amirol M molecules, relatively to each
other, occurs with the hydroxyl group participation, which
in turn, are the weak acids of Brensted (in the structure of
dietanol groups) and the weak Brensted bases (the
hydrocarbonic radical groups chain). Due to the small

polarization in the complex (p=0.54D), the energy of
this interaction is small (Enuwa = 10.29 kJ/mol) and is
comparable with weak Van der Waals' interactions. It has
been assumed [11] earlier by means of rotational
viscometry that the curve of a flow of a pure resin ED-20
has a pseudo-plastic character, with a small limit of
fluidity about 7.6 Paat T = 298K and at the maximum
viscosity hma Of not destroyed structure about 45 Pas. It
was realized by means of the rotational viscometry. While
appending Amirol M, the flow begins at 5.5 Pa, whereas
the value hna 1S 32.7 Pa:s. Further behavior of the flow
curves indicates the abnormal viscosity area intensity
(dynamic viscosity almost falls in steps). This area is
characterized by loosely coupled pseudo-plastic structures
and is shown in a very narrow area of the shift tension.
The specified structures are amost destroyed and the
Newtonian flow is observed for the ED-20 darting with
51.6Pa, and for the ED-20 systemtAmirol M —
from 18.2 Pa. Thus, it is possible to identify the studied
systems as semistructured, and the observed viscosity
decrease (almost as much as twice) in the presence of
Amirol M is caused by the weaker IIE in the system.
These pilot studies are confirmed by discharged
calculations with the use of the quantum and chemical
modeling and the molecular complex geometrical
optimization as well.

The clear confirmation of the observed effects is
the research [14], doing which, the authors have studied
IIE in the mixture of ED-20 and dibutyl phthalate
plasticizer (DBPh). The usage of IR-spectroscopy has
shown that the intensity of the absorption band of OH-
groups stretching vibrations decreases in the mixtures
(3000-4000 cm™). It has been assumed that both the
temperature increase and the DBPh introduction into the
resin reduce the ability of ED-20 molecules for clustering.
In that case, the part of the hydroxyl groupsis blocked by
the active plasticizer groups, and the probability of the
resin molecule associate formation decreases. It only
remains to highlight the fact that the OH-groups of the
ED-20 molecule display their weak acid characteristics
and the way the weak acids actively interact with the
DBPh ester groups that have Lewis badcity.



192

3.2. The research of Superficial Fillers
Characteristics

It is known that there are active Brensted centers of
various acid force on the surface of air and dry disperse
polymineral fillers, which mostly consist of oxides SO,
Fe0;, AlOs TiO,;, CaO, MgO [15]. These are the
isolated and vitsinal hydroxyl groups with the adsorbed
water molecules, weak acids and bases, which can
participate in PCl with functional resin groups, modifiers
and hardeners of binding.

The radiographic analysis has studied the minera
structure of the used fillers. It is assumed that the diabase
powder (DP) is characterized by a wide polymineral
structure, which includes the following main mineras:
guartz (SO,), abite low (NaAlSizOg), microwedge
(KAISi;Og) and the following accompanying minerals:
augite (Ca (Mg, Fe*, Al) (S, Al),0¢), magnetite (F&;0,),
horn blende and chalcopyrite (CuFeS;). Red slime (ShN)
consists of hematite (a-Fe,0O3) and getit (FEOOH).

The research of the morphological features of the
filler surfaces was conducted by means of the electronic
and microscopic pictures of the scanning electronic
microscope JSM-6390LV. The pictures are represented in
Fig. 2. Apparently, the particles of the fillers have
approximately identical conditionally spherical shape. It is
possible toobserve some tendency of the particles to the
adhesion, that is typical for the high-energy surfaces of
both fillers.

The pH-metric research of the fillers water
suspensions, according to A. Nechiporenko [16] method,
has shown the correlation of their chemical and mineral
composition with the nature of the superficial active
centers. The dependence of pHg.g, from the filler contact
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time with water is represented in Fig. 3. The method
enables defining the general (integrated) qualitative acid
and basic characteristic of the filler surface generaizing
the processes of hydration, dissociation, hydrolysis and
others, proceeding between the active centers of the
surface and the molecules of water.

The smooth character of the curve says that the DP
surface is characterized by a wider range of active centers
with various functions of the acidity. Their seria
interaction with water molecules proceeds slowly, and the
equilibrium state, characterized by pHg.s ~ 8.5 is reached
only after 2-2.5 h. Obvioudly, it is connected with the DP
structure polyminerality. The ShN surface, on the
contrary, has a narrow range of the active center acidity
function. It can be explained by the existence of two, close
by the chemical nature, Fe- containing minerals in its
structure. The equilibrium state of pHgg = 9 in the
suspension comes after 0.25-0.3 h.

For the quantitative assessment of the superficial
active Brensted centers, the pK ;-photometric definition on
adsorption of color indicators from water solutions was
used.

Accordingly [16], the number of the surface
active centers with the differentiation by pK, function,

the total quantity of acid (pK.<7) Sq, and basic

(pK.>7) Sqg active Bronsted centers, and indicator,

which enables estimating the surface, in genera, as
neutral (Q =~ 1), acid (Q > 1) or basic (Q <1) one, were
determined. However, it is considered that, the more Q
value, the more acid characteristics the surface has.
Hence, the less this value than 1, the more akaline the
surface is. The results of the research are presented in
Fig. 4 and Table 4.

1002 sh‘rlam neob

b)

Fig. 2. Electronic and microscopic images of diabase powder (a) and red slime (b)
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1-red dime (ShN); 2-diabase powder (DP)

Table4
Theresultsof thefillers surface pK -photometric research
Filler Sq, 9, Sq
DP 148.55 185.23 333.78 0.80
ShN 25.89 67.05 92.94 0.39

Thus, proceeding from all above stated, it is
possible to conclude that the DP surface has active centers
three times as much as the ShN surface. According to
Fig. 4, itis obvious, that the centersin the basic area of the
range are characterized by the prevalence of the centersin
the narrow range with pK, = 9-10 and in the acid one,
centers with pK, = 0-1.5 prevail. It is confirmed by the
data of the electrometric research obtained above. In this
case, the main centers are nearly three times as much as
the acid ones. That is exactly why the general strong basic
character of ShN surface comes. The existence of the acid
centers is obviously caused by vitsinal or strongly
hydrated centers presence, which pK, as known [18],
decreases with each following adsorbed water molecule.

As for DP, the electrometric research data are also
confirmed. There are active centers on the surface, which
are characterized by a wide pK, range. In the dkaline
condition, the centers with pK,~ 9-12.5 are presented and
the centers with pK,~ 0-1.5 are presented in the acid one.
Unlike ShN, a high concentration of the active centers
with pK, = 6-6.5, being rather neutral or subacid, was
found on the DP surface. The acid centers can be caused
by either vitsina existence or isolated active centers with
several hydroxyl groups, and by the hydrated centers
containing from 3 to 5 water molecules as well [15]. The
general character of the DP surfaceisalso basic.

The received values of Q, which are the complex
characteristic of the acid-base features of the surface
reasonably corrdate with the pH-metric research results:

the surfaces of both fillers show the main characteristics.
The ShN surface differs in bigger basicity (pHssp = 9.7,
Q =0.39), than DP, which can be characterized as a weak-
basic one (pHsusp = 8.5, Q = 0.80).

Following the obtained experimental data, and also
the quantum method and chemical modeling offered in
[18], the chemical formulas of the active centers main
types, prevailing on the studied fillers surface (Table 5),
were defined.

3.3. Research of CPI in ED-20:Amirol
M:filler System

The values of the composition dynamic viscosity
(Pars) were measured at the temperature of 298 K on the
basis of ED-20 resin, Amirol M and fillers to research the
CPl nature and character on the interphases. Amirol M
was added into the composition in two ways. Way A: the
resin was mixed up with Amirol M (1wt % of the resn
weight) up to the homogeneous mass formation (a resin
part), to which the filler was added. Way B: the filler,
which surface was modified previously by Amirol M, was
introduced into the resin. The filler was introduced into
the composition in the quantity of « = 20 and 40 mass
parts per 100 mass parts of pure resin or resin part. The
results of the measurements are presented in Table 6. Asa
result of rheological researches, it is assumed that the
introduction of disperse mineral fillers into ED-20 or
ED-20+Amiral M system leads to the dilatant-Newtonian
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structure formations with the low-leveled viscosity in a
wide range of the shift tenson. Such behavior, as it has
already been mentioned, is connected with the volume,
diffusive phenomena in the system, and some of
molecule binding interactions with the filler on the
interphases as well.

Analyzing the data in Table 6, it is possible to
clam that while introducing fillers into pure resin, the
dynamic viscosity of the compositions grows, and the
dependence of the curve = f(w) for the ED-20+DP
system has a tilt angle (0.28), which is 1.5 times as much
as for the ED-20+ShN system (0.19). The raised structure
degree is, obvioudly, connected with more intensive
interaction of the DP surface with the resin molecules.
Taking into consideration the fact that the specific surface
of ShN (11.35 n¥/g) exceeds DP (1.90 m?/g) five times as
much, it is possible to assume, that the interphase area of
the contact in the first case will be far more and, therefore,
the interaction has to be a lot more intensive, if the
volume processes are considered. However, the obtained
data of the rheological researches confirm the opposite
effect. Hence, taking into account the data of the
rheological experiment, it is possible to conclude that PCI
between the functional groups on the interphase are the
defining factors in the structuring processes of these
systems. Conseguently, the PCI nature and intensity will
mainly depend on the quantity and acid key parameters of
the functional groups and the active centers.

The received conclusion is confirmed by the
rheological experiment data. On the one hand, the DP
surface, that contains the number of the active centers
three times as much, interacts with the resin much more
intensively, than the ShN surface does. On the other hand,
it is reasonably to connect this idea with the fact that the
subacid hydroxyl groups of the resin interact more
actively with the strong-basic active centers, that have
pKa = 1013, and which quantity on the DP surface
exceeds almost twice as much as on ShN surface.

It is possible to analyze the contribution of the
diffusive processes to the studied systems structuring by
the rheological characteristics of ED-20+Amirol M+filler
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system consideration. In the system without any filler, the
essential  plasticizing effect of the modifier, which
becomes apparent in the dynamic viscosity of the resin
decresses 1.5 times as much, as can be observed. The
dynamic viscosity of the systems grows with the
formation of weaker structures while appending thefillers.
In the high-filled compositions (40 mass parts) Amirol M
presence almost does not have an effect on the absolute
viscosity values. It is apparent that the molecule of the
modifier partially loses the plagticizing effect in the filled
systems, and it is, clearly, connected with their diffusion
to the surface of the fillers. The diffusive phenomena, as
known, have a competitive character. Therefore, in spite
of the fact that the molecular mass of Amirol M is
commensurable with the molecular mass of the resin, its
diffusion is facilitated by the spatial linear structure of the
molecule without branching. And, the main driving forces
of the diffusive processes are, apparently, acid-basic
interactions between OH-Amirol M groups and the active
centers of the surfaces. As it has been shown before, the
existence of the hydroxyl groups of various acid forcesin
its molecule can mativate its behavior both like a weak
acid and like aweak basis of Bransted.

In the ShN mixtures, the diffusion of Amirol M
molecules has a more intensive character than in DP
compositions. It follows from the fact that, a tilt angle of
the curve dependence # = f(w) for ED-20+Amirol M+DP
(0.30) sysgem is more than that for the
ED-20+Amirol M+RS system (0.23). The facilitated
diffusive process can be connected with the diffusive way
reduction of the molecules, expressed by means of the
way curvaturefactor zequal to the lengths relation through
the filled and unfilled polymer. For spherical particles
7= 1+ 2, where vs —a volume fraction of afiller [3]. This
hypothesis is supported by the calculated values 7 for the
ShN compositions (1.034-1.063), which have smaller
values than for the DP ones (1.039-1.070). It is aso
necessary to note that the way, Amirol M was introduced
to the composition, does not amost influence the
structuring processes. It also proves the fact that the
modifier molecules diffuse to thefiller surface.

Table5

Theresults of thefillerssurface research

Filler Types of the active centers prevailing on a surface pK, of centers prevailing on asurface
SIO(OH);H,0
Diabase powder (DP) SI0;(OH)(H0)s 65
AlO;(OH);H,0 10.0-125
AlO5(OH)3 ' '
FeO4(OH),
OO, 15
i 3 3\F2V)2 .
Red slime (SN) FeO,(OH),H,0 95115
FeOsOH(H,0);
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Table 6
Dynamic viscosity of compositions

Filer Resin part ED-20 ED-20+Amirol M

- 7.63+0.30 471+0.19
DP 20 mass parts (way A) 14.60 + 0.58 9.54+0.38
DP 40 mass parts (way A) 19.08 + 0.76 16.83 + 0.67
DP 20 mass parts (way B) 15.71+ 0.63 -
DP 20 mass parts (way B) 20.76 £ 0.83 -
ShN 20 mass parts (way A) 1347+ 054 10.66 + 0.43
ShN 40 mass parts (way A) 14.84 + 0.59 14.03 + 0.56

4. Conclusions

Thus, the structuring processes are defined by the
acid-basic interactions in the volume and on the
interphases of the investigated diane epoxy resins with
disperse oxide materias, which are proved by theoretical
and experimental ways. It is assumed that the hydroxyl
groups in an epoxy resin molecule show weak acid
features. They interact with the hydroxyl groups of the
modifier or the filler active centers of the main or strong-
basic character in the compositions. It is shown that the
acid-basic interactions on the interphases play the main
role in the structuring processes. It is also assumed that the
intensity of the diffusive phenomena is defined by the acid
force of the filler hydroxyl groups whereas the share of
the volume effectsis small.
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POJIb KUCJIOTHO-OCHOBHMX B3AEMO/IIN
B ITIPOHECAX CTPYKTYPYBAHHA HATIOBHEHOI{
JAIAHOBOI EITIOKCUJIHOI CMOJI1

Anomauyin. 3a donomozoio memoody pomayitiHoi 6icKo3u-
Mempii eusueHi npoyecu cmpyKmypyeanHs 8 OiaHO8Il enoKCUOHIl
emoni mapku EJ]-20, sika micmums oucnepcHi oKcuOHi HanoeHI08ayi
ma mooughixamopu. Ilokasano, wjo 6USHAUANLHY PO 8 YUX
npoyecax — 6idizparoms  KUCIOMHO-OCHOGHI — 83AEMOOIL  MIdiC
QYHKYIIHUMU 2PYNAMU MOLEKYL CMOAU | AKMUBHUMU YeHMPamu
nogepxti nanogniogayie. Cmynino CIMpyKmypy6aHHs GU3HA4ACMbCs
AK 3G2QNbHUM YUCTIOM AKMUBHUX UYEHMPI6 MNOBEpXHi, Mak i ix
snauennam pK,. Bcmanoeneno, wjo inmencusnicmo Ougysivinux
ABUW  BUSHAYAEMBCS  KUCTOMHOIW — CUIOK  2IOPOKCUTIBHUX  SPYI
HanosHI08aui6, 6 Mol uac AK yYacmka 00 eMHux egexmis 6
KOMNO3UYIsAX HeGEeNUKaA.

Knrouosei cnosa: dianosa enokcuona cmona, OUcnepCiiiHu
OKCUOHUIL HANOGHIOBAY, KUCIOMHO-OCHOBHI G3AEMOOiL, AKMUGHUL
YeHmp, OUHAMIYHA 6' A3KICMb.



