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Abstract

Analyzing the behavior of flows of polymers solutions and melts in the area of non-linear
viscoelasticity allows to estimate more precisely the adequacy of the rheological model and to
describe the material structure in more detail. Today a lot of models describe non-linear properties
of polymeric materials rather accurately. However, the formulation of a uniform rheological model
remains open. Therefore this work considers the modified Vinogradov-Pokrovsky rheological
model which formed the basis for numerical calculations for periodic deformation of shear flows
of polymeric liquids with a large amplitude. The non-linear viscoelastic properties shown in the
course of the research of behavior of polymeric material at large deformations were studied by
means of the immediate analysis of time dependence of shear stresses which were calculated at
various amplitudes. It was stated that when increasing the amplitude of deformation the response
stops being the exact harmonica, and a “step” on the left-hand front appears. It manifests the
nonlinear response of a sample. The work compares obtained theoretical dependences and the
experimental data for 5% mass solutions of the polyethylene oxide in dimethylsulfoxide which
was studied at harmonic deformations with the large amplitude reaching 40 relative units. These
dependences were measured at 35°C and the frequency of 0.2 Hz. Despite its simplicity, the
modified Vinogradov-Pokrovsky rheological model shows good compliance with the experimental
data. The results show that the chosen model adequately describes behavior of polymeric
materials at large periodic deformations. Therefore this model may be applied for modeling more
complex flows of fluid polymeric environments.

Keywords: rheology, rheological model, non-linear viscoelasticity, oscillations, shear, polymers
solutions
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1. Introduction

A number of rheological models [1-4] are often applied to
describe rheological features of polymeric materials at quite
small periodic or stationary deformations. However, when
processing solutions and melts of polymers we have to face with
deformation of higher orders. Therefore, practical reasons and
more precise methods of measurements e.g. at larger periodic
deformations [5-7] cause the transition from analyzing the
behavior of flows in the linear viscoelastic area to studying
non-linear effects. It promises a more reliable assessment of
prognostic properties of some rheological models as their
applicability for different types of deformation is extended.
Therefore now modeling rheological features in the non-linear
viscoelastic area is getting more and more popular. In fact, the
measurements at large periodic deformations allow to describe
the material structure in more detail [6].

Nowadays there are a lot of rheological models some of
which are still developing whereas others have already lost their
relevance. The most prominent are: Gizekus model [1], Leonov-
Prokunin model [2], the extended pom-pom model [3], the
modified Vinogradov-Pokrovsky (mVP) model [4]. All of them
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describe well the linear effects at small periodic deformations
and non-linear effects at large stationary deformations. Recently
the new research has appeared and now it is developing rapidly. It
studies the rheological behavior of polymeric liquids developed
at periodic oscillations with a large amplitude [5]. This work
will study the structural change of the material response while
the amplitude of deformation increases. Primarily the work
aims at checking the adequacy of the mVP rheological model.

As [6] shows, non-linear viscoelastic features which are
observed when studying the behavior of polymeric material
at large deformations may be interpreted via Lissajous figures
or analyzing time dependencies of shear stresses obtained at
various deformations. Thus the increase in oscillation amplitude
means increase in nonlinearity of the sample response.

2. Mathematical model

The numeric calculations are based on the equations written
down on the basis of the mVP rheological model [4]. The
model is unique since it considers the tensor nature of the
friction coeflicient for beads which is defined by the induced
anisotropy of a shift flow. The model looks as following:


https://creativecommons.org/licenses/by-nc/2.0/
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Here 0,- a stress tensor; p — hydrostatic pressure; 7, and
7, initial values of shear viscosity and relaxation time for a
polymeric component; v, — velocity gradients tensor; a, — the
symmetric second rank tensor of anisotropy; I = a; - first
invariant of anisotropy tensor; y, = (v, + v, )/2 - symmetrized
tensor of velocity gradients; x, 5 - phenomenological
parameters of the model considering the sizes and the form of
a macromolecular ball in macromolecule dynamical equations
and which are connected by a ratio: k=1.2-p, that corresponds
with condition of independence of asymptotical behavior of
stationary shear viscosity of the polymer molecular weight [4].

Based on Eq. (1) modeling of oscillations was carried out,
both with large and small amplitudes. The polymeric sample
is supposed to have been exposed to deformations with
frequency w under the harmonic law with the given amplitude
Y,: Y(t) =y, sin(@t). In this case only one component of velocity
gradients tensor v,is different from zero: v ,(t)=y @cos(@t). The
material response represents the tension-to-time dependence.
According to the calculations, the periodic mode of oscillations
is set quite rapidly in a polymeric system at deformation from
immobility (0, (0)=0).

At the small amplitude shear stresses arising in the material
are directly proportional to deformation that is they represent
the exact harmonica. At periodic deformation of the material
with the larger amplitude the response stops being the exact
harmonica. The results of modeling (Fig. I) and experiments
[5] both confirm that.
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Fig. 1. Change of a response of material at increase in amplitude of deformation of
material a) - small amplitudes; b) - large amplitudes)

1. dbra  Anyag vdlaszdnak fiiggése a deformdcié amplitiidéjdtdl a) kis amplitiiddk; b)
nagy amplitidék

a) O experiment
calculation

o(t)

1.5

b) O experiment
calculation

0.5

o(t)
o

C) O experiment
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Fig. 2. Comparison of theoretical dependence and the experimental data for the
normalized shear stresses o(t) in the set mode with various relative amplitudes
of deformation a) - 5; b) - 10; ) - 20; d) - 40)
2. dbra Normalizdlt nyiréfesziiltség o(t) osszehasonlitdsa elméleti Gsszefiiggések és
mért adatok kozott a) - 5; b) - 10; ¢) - 20; d) - 40)

3. Comparing modeling results and the
experiment

A large number of works, referred to in [5-7], is devoted to a
research of transient and stationary rheological features at large
periodic deformations. In the experimental data [7] the 5%
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mass solution of polyethylene oxide in a dimethylsulfoxide was
exposed to deformation. The polymeric solution was exposed
to harmonic deformation at large amplitude y, sequentially
reaching values of 50%, 100%, 500%, 1000%, 2000% and
4000% at frequency w = 0.2 Hz.

The application of the mVP rheological model was checked
for efficiency by optimizing model parameters k=0.045;
$=0.038; 7,=0.21 sec; 1,= 87.3534 Pas-s. in the linear area (at
small periodic deformations). Further the behavior of the
model with the found parameters was compared to the results
of experiments at large periodic deformations.

Fig. 2 shows the comparison of the established dependences
of the normalized response calculated via the Runge-Kutta
method with the experimental data from [7].

It is noticeable that the left and right fronts of oscillations
are deformed differently at increased relative amplitude. The
graph of experimental dependences shows the emergence of a
step at the increased amplitude. At increased y, the right front
deviates from harmonica without a step. The model describes
this effect rather precisely (Fig. 2). The comparisons between
the obtained results and previous experimental data mean that
the model provides for a quite precise description of polymeric
materials at large periodic deformations.

4. Conclusions

The work provided for modeling a non-linear viscoelasticity
of the polymeric material at its large periodic deformations
via the mVP model. The results were compared with the
experimental data of 5% mass solution of polyethylene
oxide in dimethylsulfoxide which was studied at harmonic
deformations of large amplitude reaching 40 relative units
measured at 35°C and the frequency of 0.2 Hz [5].

Nonlinearity of the studied sample manifests itself in the
response distortion for the material as it stops being the
exact harmonica. The considered model allows to model the
non-linear effects arising at increased amplitude of material
deformation. It is also possible to use this model for modeling
more complex flows of fluid polymeric media.

It is curious that such a simple model as Eq. (1) which
considers only one relaxation process complies so greatly
to the experimental data. When describing the non-linear
dependence of shift viscosity and normal stresses of the first-
order difference, this model shows only qualitative compliance
of calculated dependences and the experimental data [4,8,9].

Further research plans to modify the considered model for a
multimode case in order to increase the accuracy of the results.
Also the model will be studied via the Lissajous figures.
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Abstract

This review article highlights usual surface modification methodologies in clay fillers for
polymer nanocomposites. In clay-based polymer nanocomposites preparation, a key step
is the homogeneous dispersion and random orientation of the silicate platelets, like that of
montmorillonite (MMT), in the polymer matrix resulting in an exfoliated nanohybrid materials,
where significant works in the literature support enhanced and/or new properties of the resulting
nanocomposites compared to the bare polymer. In incorporating the MMT clay as a filler in
a polymeric material, the surface modification of an MMT clay is necessary. An MMT clay is
made up of layered silicates carrying negative charges held together by metal cations found
in the galleries between the clay layers. If left unmodified, the native clay exists as aggregates.
To improve its miscibility toward organic molecules, it is necessary to modify the clay fillers for

polymer nanocomposites.

Keywords: Silicate clay, clay modification, montmorillonite, organoclay
Kulcsszavak: Szilikatos agyag, agyag modifikalas, montmorillonit, szerves agyag

1. Introduction

A polymer-clay nanocomposite represents a new class of
hybrid materials composed of an organic polymer matrix
with an inorganic clay acting as a filler material having at least
one dimension in the nanometer range. A fully exfoliated,
individual clay platelet is about a nanometer in thickness. At
this length scale, the presence of these individual nanometer
thin platelets dispersed in the polymer matrix even at a low
amount of the silicate filler (<10% by wt) can impact the
resulting hybrid organic-inorganic material to exhibit greatly
enhanced and new properties relative to the neat polymer [1-
9]. These new and enhanced properties observed for these
nanomaterials have found numerous applications and have
attracted the attention of both the academe and the industries.
The homogeneous dispersion of these nanometer-sized silicate
platelets within a polymer matrix can lead to the formation of
a hybrid material that exhibits markedly improved properties
such as higher modulus, increased thermal stability and
flame retardancy, and more efficient gas barrier properties,
as compared to their unfilled polymers or conventional
composites counterparts.

Among the clay fillers, the montmorillonite (MMT) clay is the
usual choice in preparing most polymer-clay nanocomposites
because of its individual nanometer-thick platelets, extremely
large surface areas, rich intercalation and surface chemistry
[10-12]. Further, this type of clay is universally abundant in
nature and can be obtained in pure form at a low cost.

An MMT clay, being hydrophilic in nature, obviously would
only be miscible with hydrophilic polymers like poly(ethylene
oxide), poly(vinyl alcohol), etc. Generally, it would be very
difficult to mix this clay with hydrophobic polymers because
of its pristine hydrophilic nature. If left unmodified, it would
be very difficult to achieve a homogeneous of clay and
polymer where the clay filler is randomly well distributed in
the hydrophobic polymer matrix [13]. In any nanocomposite

preparation, one major challenge is the achievement of a
high degree of exfoliation of the aluminosilicate layered
structure to yield well-dispersed individual clay platelets in
the nanocomposite. This type of morphology for the clay is the
target of most modification techniques since the exfoliation of
the clay fillers creates a bulk material of interfaces as opposed
to the intercalation or agglomeration of the layered silicates
in the composite material [14-16]. Hence, modifying the clay
filler prior to its incorporation in various polymeric matrices
has been usually observed.

2. Montmorillonite clay

Montmorillonite (MMT) clay is a naturally-occurring
hydrous aluminum silicate clay belonging to a class of clay
known as 2:1 phyllosilicates. The clays belonging to this
class are commonly regarded as layered silicates [17]. Other
layered silicate clays aside from MMT clay include vermiculite,
saponite and hectorite (Table I). The MMT clay has a layered
morphology consisting of stacks of silicate platelets that are
about 1-nm thick and about 300 nm to a few microns in lateral
dimensions. Each individual platelet has a central octahedral
sheet of alumina fused between two external silica tetrahedral
sheets (Fig. 1). The tetrahedral sheet is mainly composed
of silica while the octahedral sheet is comprised of diverse
elements like Al, Mg and Fe [18]. The stacking of the layers
leads to a regular van der Waals gap called the interlayer or
gallery. Isomorphic substitution (for example, AI** replaced
by Mg?* or Fe?*) within the layers generates negative charges
that are counterbalanced by cations residing in the interlayers
(Fig. 2). In their pristine form, their excess negative charge is
balanced by cations (Na*, Li*, Ca?*) which exist hydrated in the
interlayers. The cations are held very loosely and can be readily
exchanged by other cations.
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Layered clay Formula CEC

(meq/
100 g clay)

Hectorite M (Mg, Li)Si 0,,(OH), 120
Montmorillonite M,(Al, Mg )Si,0, (OH), 92.6-120
Saponite M Mg (Sig, Al )Si,0, (OH), 86.6
Vermiculite (Mg, Fe, Al),[(Al, Si),0, [(OH),M .nH,O 150

M represents the exchangeable cations found in the interlayer of the clays and
x refers to the layer charge

Table 1 Charge exchange capacities (CEC) of some 2:1 phyllosilicates
1. tdblazat  Toltés cserekapacitdsok (CEC) egyes 2:1 filoszilikdtokra

Exclangsable caiion ® @ ®

Tetrahedral sheet of
silica

0.96 nm

Octahedral sheet of
alumina

Tetrahedral sheet of
silica

Fig. 1. An individual montmorillonite clay platelet is about a nanometer thick and
is composed of an octahedral sheet of alumina sandwiched by two tetrahedral
sheets of silica. Isomorphic substitution (for example, AP* replaced by Mg** or
Fe?*) within the layers generates negative charges that are counterbalanced by
cations residing in the interlayers.

1. dbra  Egy kb. 1 nanométer vastagsdgii montmorillonit lemez, amely egy oktaéderes
alumindt lemezbdl dll kozrefogva két tetraéderes szilikdt lemezzel. A
lemezek kozotti izomorf helyettesités (pl. AP+ ion helyettesitése Mg*
vagy Fe’*ionokkal) negativ toltést generdl,amelyet a lemezkozi kationok
kompenzdlnak.

doot

Fig. 2. 'The stacking of the silicate platelets (each about a nanometer thick) leads to a
regular van der Waals gap called the interlayer or gallery. Inside the galleries,
highly exchangeable cations are found. Replacement of these ions by alkyl
surfactants can lead to the increased distance of the interlayer gaps.

2. dbra A szilikdt lemezek kapcsoldddsa szabdlyos van der Waals rést eredményez
(rétegkozi galéria). A galéridkon beliil erds cserepotencidlii kationok
taldlhaték. Ezek cseréje alkil feliiletaktiv gyokikkel a rétegkizi réstdvolsdg
novekedéséhez vezet.

There are two attractive features why an MMT clay is
commonly exploited in the preparation of polymer-clay
nanocomposites. The MMT clay has highly exchangeable
ions that are found at the interlayers. These cations can be
easily substituted with organic surfactants, i.e. the use of ion
exchange reaction. For example, the reaction between an alkyl
ammonium salt and the MMT clay results in the replacement
of these cations with alkyl chains that increase the interlayer
gaps as well as change the surface chemistry of the MMT clay.
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Also, the MMT clay has high aspect ratio (100 - 1000) that can
be maximized through the dispersion of the individual silicate
layers in a polymer continuum. These two characteristics are,
of course, interrelated because the ability to disperse the silicate
layers in a polymer matrix, thereby maximizing their aspect
ratio, depends on the chemical nature of the interlayer cation.

At a low filler loading, usually less than 10 wt.%, the
reinforcement efficiency of exfoliated silicate platelets as
fillers to form polymer-clay nanocomposites can match that
of a conventional composite that is usually made using a
relatively higher loading (40-50 wt.%) of classical fillers. This
improvement is due to the dispersion of the nanoscale fillers
into the matrix, which results in a high surface area with high
interactions between the nanoclay and the polymer matrix
[19-21].

3. Clay modification

In preparing clay-based polymer nanocomposites, a
homogeneous dispersion and random orientation of the silicate
platelets of the clay filler in the polymer matrix is desired for a
fully exfoliated system. Another consideration is the favorable
interaction between the polymer and the clay filler in order to
avoid phase separation and agglomeration of the filler particles
in the polymer matrix. In incorporating the MMT clay as a filler
in a polymeric material, the surface modification of an MMT
clay is necessary. An MMT clay is made up of layered silicates
carrying negative charges held together by metal cations found
in the galleries between the clay layers. The presence of metal
cations and the ability of forming hydrogen bonds with water
contribute to the hydrophilic nature of the pristine MMT.
Hence, pristine MMT clay is difficult to mix with an organic
matrix especially if it involves hydrophobic polymers. If left
unmodified, the native clay exists as aggregates. To improve
its miscibility toward organic molecules, it is necessary to
modify the surface chemistry of the MMT clay. One method of
modification is the replacement of the inorganic cations found
in the interlayers with various organic cationic molecules. The
intercalation of organic molecules in the clay galleries can lead
to the increased interlayer spacing. This surface treatment
also makes the clay to become more compatible with polymer
molecules. The increased interlayer gap and the favorable
interaction posed by the alkyl intercalants found in the clay
galleries of the organoclay allow the polymer molecules to
enter the enlarged basal spacing of the organoclay for further
intercalation and which may eventually lead to the clay
exfoliation.

3.1 Clay modification via ion-exchange reaction

To make the hydrophilic clay more compatible with the
polymer matrix, surface modification techniques have been
commonly employed on clays used as fillers prior to their
incorporation in the polymers. An ion exchange reaction
between the MMT clay and an ammonium-based alkyl salt as
an intercalant [22-26] is one. The clay surface can be converted
from being hydrophilic to organophilic via a cation exchange
reaction with an alkyl ammonium ion that may include a
primary, secondary, tertiary or quaternary alkyl ammonium
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salt. The change in surface property of the clay brought about
by an ion exchange reaction can improve the interfacial
adhesion properties between the inorganic phase (clay filler)
and the organic phase (polymer matrix) when a hydrophobic
polymer matrix is involved [27]. The alkyl intercalant of the
modified clay can also increase the interlayer distance of
the silicate layers where the increase in the basal spacing is
affected by the length of the alkyl chain and the ratio of cross-
sectional area to available area per cation [28]. Long-chain
alkyl ammonium-exchanged forms of MMT are the most
commonly used in the preparation of most clay-based polymer
systems. Quaternary ammonium salts, of the general formula
[NR,]*X" where R is a hydrocarbon chain and X is a halide
group, have been commonly employed in the organophilic
modification of MMT via an ion exchange reaction [29-31].
This is possible due to the presence of highly exchangeable
metal ions residing in the galleries of pristine MMT clays.
On the addition of the alkyl ammonium salt to the aqueous
clay suspension, the long alkyl cations replace the metal ions
originally present in the clay galleries. The ammonium groups
become ionically anchored to the negative clay surface with the
long hydrocarbon chains radiating away from the clay surface.
The intercalation of the organic surfactant not only changes the
surface property of the clay (making it more hydrophobic) but
also increases the basal spacing of the clay layered structure
which favors the intercalation of long polymer molecules.

Depending on the chain length and charge density of the
clay, the alkyl chains can adopt several conformations inside
the clay galleries. Lagaly (1986) [32] proposed that the alkyl
ammonium ions used to modify 2:1 clay minerals lie either
parallel to the silicate surface forming mono- or bilayers
or radiate away from the surface forming paraffin-type
arrangement. The organic intercalant may adopt a monolayer,
quasi-bilayer or multi-layer configuration based on the length
of the alkyl chain [27, 33-36].

Vaiaand his co-reresearchers (1994) [36] studied the structure
of an organoclay of MMT, modified with dioctadecyl dimethyl
ammonium, (CH,(CH,),.CH,),N*(CH,),, by X-ray diffraction
(XRD), infrared spectroscopy (IR), and differential scanning
calorimetry (DSC) and showed that the alkyl chains assume
an ordered state. That is, the alkyl ammonium cations build a
self-assembled monolayer (SAM) on the mineral surface. The
authors postulated that the arrangements of the alkyl chains
in the clay interlayer vary from solid-like to liquid-like and in
intermediate cases, liquid crystalline, depend on the packing
density and chain length (Fig. 3). An ordered state for the alkyl
chains intercalated in the clay can be observed at a particular
length and number of chains due to the increasing chain
interactions and the packing density of the tethered chains.
At this stage, the chains attached to the platelets are proposed
to interdigitate [27]. In the interdigitated arrangement of the
tethered alkyl ammonium ions, their conformational entropy
is minimized while the packing density of the attached chains
is maximized. The authors also proposed that in their ordered
state, the alkyl chains inside the MMT galleries preferentially
assume an all-trans conformation with the alkyl chains tilted to
the MMT surface at an angle (Fig. 3.c) [27, 34-35].

short chains

intermediate chains

long chains

Fig. 3. Possible conformation of alkyl chains of an ammonium-based intercalant in
the interlayer gaps of an organo-modified montmorillonite clay as a function
of chain length: (a) short chains; (b) intermediate chains forming a quasi-
bilayer; and (c) long chains with increased order and multi-layer spacing [36]

3. dbra  Amménium alapu feliiletaktiv alkil ldncok lehetséges kapcsoléddsi formdi
montmorillonit agyaggal a ldnchossz fiiggvényében (a) rovid ldncok; (b)
kozepes ldncok kvdzi-biréteg formdciéval; (c) hosszii ldncok magasabb
rendezettséggel és tobbrétegii formdciéval [36]

The organo-modified clays were found to self-assemble
parallel to each other inside the clay galleries forming
alternating, well-ordered organic/inorganic multi-layers based
on molecular dynamic (MD) simulations. Hackett and co-
workers (1998) [37] used MD simulations to study the static
and dynamic properties of 2:1 layered silicates (CEC = 0.8, 1.0
and 1.5 meq/g for two MMT clays and a hectorite, respectively)
that are modified with ammonium-based alkyl surfactants.
The MD simulations they conducted for these organoclays
showed that the basal spacing increased with the length of the
alkyl chain of the onium salts used as a modifier. The results
further showed that within the gallery, the alkyl chains exhibit
layering tendencies. The shorter alkyl chains form a monolayer
configuration with an interlayer gap of 1.3 nm. As these chains
become longer, bilayer (d , =1.8 nm) and trilayer (d ,=2.27
nm) disordered arrangements can be observed.

Okutomo et al. (1999) used various silylating agents having
different chain lengths to react with a magadiite clay previously
ion exchanged with an alkyl ammonium modifier (C ,TMA-
magadiite). They reported that an increase in the number of
carbon in the alkyl chain corresponds to a larger basal spacing
of the resulting organoclay. After silylation, the basal spacing
changed from 2.79 nm (before silylation) to 1.95, 2.33 and
3.25 nm for the C,_CI1Si;, C,C1Si" and C , C1Si-magadiite,
respectively.
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Aside from the ability of the long alkyl ammonium
intercalants to increase the clay interlayer spacing, they create a
more favorable organophilic environment. The presence of the
alkyl chains in the intergalleries of the organoclays lowers the
surface energy of the host clay and improves the compatibility
of the clay to become more miscible with the organic polymer
matrix [38-39].

The amount of alkyl ammonium ions that can be intercalated
between the clay layers is based on the charge exchange
capacity (CEC) value of the clay being considered as a filler
for a polymeric matrix. The candidate filler should have a CEC
value between 0.5 - 2.0 meq/g of clay. Clays having less than 0.5
meg/g clay would lead to a small amount of organic intercalant
after an ion exchange reaction. More than 2.0 meq/g of clay
exchange capacity, the strength of the interlayer bonding is too
high for easy intercalation [40]. Hence, montmorillonite clays
having a CEC value of 0.93-1.2 meq/g of clay and vermiculites
(CEC = 1.5 meq/g) [41] are ideal templates for intercalation.

The ion exchange reaction of these alkyl ammonium salts
with the clay is reversible. Thus, in order to ensure a high
conversion of a pristine MMT clay like in the case of sodium
montmorillonite clay, Na*-MMT, into an organoclay, an excess
amount of the intercalating organic cation is usually observed:

[NR,]* + Na*-MMT [NR ]*-MMT + Na*

Lee and Kim (2003) [42] did a modification of Na*-MMT clay
using different amounts of an intercalating agent relative to the
cation exchange capacity (CEC) of the clay. The intercalating
agent used was a C, ammonium salt, trimethylhexadecyl
ammonium bromide, CH,(CH,) ,CH,N(CH,),Br. Different
amounts of the intercalating agent were used, ranging from 0 to
3 times the CEC value of the Na*-MMT. After the ion exchange
reaction, the XRD profiles of the organoclays were obtained.
The interlayer spacing of the produced organoclays was
observed to increase with the amount of the alkyl intercalant.
From the original value of d, ,=1.4 nm (for Na*-MMT), the
interlayer distance increased to 1.9, 3.2 and 3.9 nm at a loading
of 1, 2 and 3 times the CEC of the clay, respectively.

The alkyl ammonium intercalant can also provide functional
groups which can react with the polymer matrix or supply
sites for the initiation of a polymerization which can occur
in the gaps between the clay platelets. This can be done by
the introduction of an intercalating agent that possesses a
functionality that can initiate the polymerization. After an ion
exchange reaction with the highly exchangeable cations found
in the galleries of the MMT layered structure, the tethered
organic initiator can start the in situ polymerization where
chains can be grown directly from the surface. The significance
of an in situ polymerization after intercalation is based on the
assumption that as the polymer chain grows, the silicate layers
separate far apart until they become eventually exfoliated to
form a well dispersed composite material [43]. Zhou et al.
(2001) [44] explored this approach to prepare a clay-based
polymer nanocomposite where polystyrene chains are directly
grown from previously anchored initiators on the clay surfaces.
First, the immobilization of a triethyl ammonium cation that
contains 1,1-diphenylethylene (DPE) derivative through
an ion exchange reaction with the sodium montmorillonite
(Na*-MMT) was performed. The DPE served as an initiator
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precursor. After the addition of n-butyl lithium (n-BuLi)
and removal of the free n-BuLi from the reaction mixture,
the polymerization of styrene was initiated directly from the
ionically attached initiators on the clay surfaces.

3.2 Clay modification via silane-coupling reaction

One way of increasing the favorable interaction between
organic molecules and clay surfaces is by introducing some
hydrophobic groups onto the layer surfaces [45-46]. This
method of clay modification can be possible with the reaction of
silanes with the silanol groups found in the clay layered structure
[10, 47-50]. The said technique makes use of the existing silanol
groups found in the clay structure to react with organosilane
agents. Silanol groups (Si-OH) are located on the clay edges due
to broken edges and crystalline defects [51-56]. Using a chloro-
or alkoxysilanes as a modifying agent, several functionalities can
be introduced to the clay. Unlike the ion-exchanged clays, the
covalently modified clays achieved through the hydrosilylation
of the silanol groups are more thermally stable [47, 53]. More
importantly, the characteristics of the modified clays can be
easily fine tuned through the introduction of various end groups
of the silane modifiers [52, 57].

Early studies on the use of silane agents in clay modification
targeted the silanols found in the clay structure. In 1976, Ruiz-
Hitzky et al. [58] used organochlorosilanes to hydrophobize
the surfaces of sepiolite and chrysotile - both are examples of
silicate materials. They were able to prepare different stable
derivatives of the clays using organochlorosilanes. In modifying
these layered silicate materials with the use of organosilanes to
react with the silanol groups of the clay, they found out that
only the external surfaces of the silicate clays can be modified
as the grafting reaction can only access the edge silanols. Five
years later [59], they reported the successful silylation of the
internal silanols of a magadiite clay by suspending this clay
in dimethylsulfoxide or N,N-dimethyl formamide. These
solvents were able to expand the basal spacing of the layered
silicic acid and permit the entry of the silane agent to reach the
internal silanols of the H-magadiite. H-magadiite contains a
lot of internal silanols which can be reacted with silane agents
bearing various functionalities.

Park et al. (2004) [56] found that organic molecules
intercalate much faster in the layered structure of laponite clay
if the clay was first modified with octyltrimethoxysilane. The
authors found that the grafting reaction of the silane agent only
happens on the external surfaces of the laponite clay.

The covalent grafting of organosilanes through the reaction
with silanols in the clay structure is important since it provides
an opportunity to immobilize reactive organic groups to the
clay via a stable covalent bond. Of primary interest, however,
is to be able to chemically modify the interlayer surfaces of
the silicate clay structure using this modification technique.
Several authors have shown that this is possible. For example,
in the case of Ruiz-Hitzky et al. (1985), after initially modifying
the magadiite through the intercalation of polar organic
molecules, the magadiite was successfully silylated by various
organosilane reagents. The intercalation of polar organic
agents increased the gaps between the layers. The grafting of
organosilyl groups in the interlamellar space occurs due to
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the larger gaps which make the interlamellar silanol (Si-OH)
groups now more accessible to the silylating reagents [60].

The same success of grafting silane on the surface of kenyaite
clay was achieved after performing gelification in the presence
of octylamine and reaction at room temperature [61]. Kenyaite
was also recently reacted with APTES and dodecylamine in
ethanol, resulting in interlayer surface silylation. Magadiite
and kenyaite are examples of natural minerals possessing a
layered structure [62].

This modification route has been used in tandem with an ion
exchange reaction to prepare nanocomposites [48, 63-65]. For
example, in the work of Yanagisawa et al. (1988) [66] where
they reported the successful silylation of the interlayer surface
of layered polysilicic acids using a bulky group-bearing silane,
diphenylmethylchlorosilane, utilizing these two methods. The
layered acids, H-magadiite and H-kenyaite, were first modified
withdodecyltrimethylammoniumion, CH,(CH,), CH,N*(CH,),,
to serve as the intermediates for the conversion. The intercalation
of the ammonium salts enlarged the interlayer space allowing
the bulky silylating agent to be intercalated. It was previously
reported by Ruiz-Hitzky et al. (1985) [60] that a bulky silylating
agent, like diphenylmethylchlorosilane, cannot be intercalated in
these clays.

Somestudies reported a combination of these methods to modify
silicate clays. Okutomo et al. (1999) [49] for instance, reported the
use of both alkyl ammonium modifier and silane agent to modify
magadiite, a layered silicate clay. They used an ion exchange
reaction technique to intercalate a dodecyltrimethylammonium
cation, CH,(CH,), CH,N*(CH,),, in order to increase the basal
spacing of the clay. The larger gaps between platelets enabled the
bulky chlorosilane to access the interlayer silanol groups of the
magadiite clay. They also found out that by increasing the chain
length of the silylating agent corresponded to an increase in the
basal spacing of the silylated clay, the same effect observed when
an alkyl ammonium salts are used as the intercalating agent. The
advantage of the former is that the silane agent is attached to
the clay by a more stable covalent attachment as opposed to an
ionically-tethered ammonium alkyl chain.

He et al. (2005) [47] reported that the grafting reaction
involving organosilanes reacting with layered silicates involves
two steps. The silane molecules first intercalate into the clay
interlayers followed by a condensation reaction between the
silane molecules and the silanols of the clay layers.

Zhang et al. (2006) [48] were able to show that it is possible
to successfully graft a silylating agent onto the internal
surfaces of a silicate clay. This is important as this approach
can provide an opportunity to anchor catalysts onto the silicate
surfaces and facilitate polymerization inside the galleries. A
commercial organoclay from Southern Clay Products, Inc,
Cloisite 20A, was used. An MMT clay derivative, modified
with naturally-occurring tallow ammonium salt, was reacted
with trimethylchlorosilane. The chlorosilane reacted with the
edge hydroxyl groups of the clay, in the process, liberating HCI.
The protons from the liberated HCl replaced some of the alkyl
ammonium ions ionically attached between the clay platelets
leading to the formation of new hydroxyl groups on the
internal clay surfaces. Since an excess stoichiometric amount
of the silylating agent was used, further silylation of the newly

formed —~OH groups was observed. The XRD profiles of the clay
before and after silylation were compared. The product, TMS-
20H, has a smaller basal spacing than the Cloisite 20A itself.
This smaller gap confirmed the successful intercalation of the
silylating agent since it has shorter length that the previously
anchored tallow intercalant of Cloisite20A.

In another setup, the authors performed the same silylation
process but in the presence of NaHCO,. The authors reasoned
out that if the protons from the liberated HCI during the
silylation process were trapped by the hydrogen carbonate ions,
only the edge silanol groups react with trimethylchlorosilane
and there would be no change in the d, spacing of the
Cloisite20A due to the loss of the alkyl chain-bearing modifier.
It was found that the silylation does not modify the internal
MMT surfaces but only the edges in the presence of the
bicarbonate ions as the resulting organoclay, labeled as TMS-
20A, has the same basal spacing as the precursor. The results
of the thermogravimetric analysis and infrared spectroscopy
also confirmed the presence of the edge trimethylsilyl groups.

4. Conclusions

In the preparation of clay-based polymer nanocomposites,
one particular challenge in using layered silicates like MMT
as additives is getting the clay nanofillers to homogeneously
mix with the matrix polymer. Modifying the clay filler before
its incorporation in the polymer bulk is thus important. Two
common clay modification methodologies are usually carried
out: via ion-exchange reactions with alkyl cation salts and
through silylation reactions. The most common method to
modify clay fillers is to substitute the highly exchangeable
cations originally found in the interlayers with long alkyl
ammonium salts via ion exchange reactions. The intercalation
of the alkyl chains in the galleries of the clay fillers leads to
the expansion of the spaces between platelets. The intercalating
agents also give more hydrophobic character to the modified
clay fillers making them more compatible with organic
polymers. Another method of clay modification is using
organochlorosilanes. The use of silylation reactions to modify
the surface of MMT clays is possible due to the presence of
hydroxyl groups in the external and internal surfaces of MMT.
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Mathematical modelling:
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Abstract

Research has been done in the Physics Laboratory in the School and Observatory Physics of
Strasbourg consist of placing in a theoretical frame necessary to a better comprehension of the
severe problem of the collapsing of the Haoud Berkaoui well (creation of a huge underground
cave and important collapsing of the surface ground due to a bad drilling of a petroleum well in

the south of Algeria) and especially mathematical modelling.

Keywords: geomechanics, Haoud Berkaoui, environment, major collapsing, rupture criterion,

modelling.

Kulcsszavak: geomechanika, Haoud Berkaoui, kdrnyezet, kiterjedt tonkremenetel, torési feltétel,

modellezés.

1. Introduction

The problem of Haoud Berkaoui is a difficult problem to
solve, it is a rare case and perhaps unique in the world. The
research work developed mainly at the School and Observatory
of Physics of the Globe of Strasbourg (Mellak, A., Reuschlé,
T. and Gueguen Y, 1990) essentially consists in the modelling
of the delicate problem of collapse of the oil well of Haoud
Berkaoui. An oil well was drilled, which never reached its
objective because of many technical problems including the
uncontrolled eruption of the Albian; very large freshwater
aquifer zone (this water table is about 500 m thick and extends
over several hundred kilometers) and very eruptive (it is
located at about 1000 m deep and has a pressure of 13.8 MPa),
that created a large hole underground by leaching out of the
salt formation.

edited by @7our

Fig. 1. Satellite photo of 14 January 2015 showing Haoud Berkaoui crater with a
diameter of approximately 350 m (Credits: Google Earth)
1. dbra A Haoud Berkaoui krdter miiholdképe 2015. janudr 14-én; a krdter dtmérdje
kb. 350 m

In fact, the Albian’s freshwater is pressurized back to the salt
(this layer is about 200 m thick), the sodium chloride dissolves,
and the salty water has taken the place of the salt. This
dissolution of the sodium chloride enlarged the subterranean
hole, and after a while, large surface cracks formed, followed
by a major collapse creating an imposing crater of about 350 m
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in diameter and about a hundred meters deep (Fig. 1). While
currently the surface dimensions of the big hole of Berkaoui are
known, the boundaries of the underground hole are imprecise.

The present research work consists of:

1. Modelling of the underground hole into an elliptically
shaped hole (this is the geometric form that can be closer
to the real case and can be treated by simple methods);

2. Determination of the complex potentials according to the
geometries encountered (case of the ellipse);

3. Calculation of stress and displacement fields at the
surface;

4. Programming (in Fortran) of the problem considering
two cases:

a) Cases where the pressure is considered uniform in
the underground cavity,

b) Cases where the pressure is not uniform in the
underground cavity.

5. Plots and interpretation of the curves of stresses and
displacements;

6. Determination of a criterion of rupture.

2. Modelling

The problem of Haoud Berkaoui (HBK) can be treated
as a first approximation as a plane elasticity problem in an
infinite medium. We consider a system consisting of an
infinite thin plate pierced with a hole (the underground cavity)
approximated in this case by an ellipse. The center of this ellipse
is located at a distance H from a line representing the plot of
the Earth’s surface (H represents the depth of the center of the
ellipse). The long axis of the ellipse is parallel with the straight
line (the cavity is horizontal) and it is considered that the fluid
pressure inside the cavity is negligible compared to the weight
of the overlying terrain.
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In fact, we try in our case to do a modeling of the elastic
deformation in the plate especially at the level of the line on
the surface. Surface deformations are significant in the case
of HBK (collapses, wide and deep fissures). Also, in order to
examine the mechanical relation between the hole loading
and the rupture process, we neglect at first the geometrical
irregularities (the surface of the Earth is not uniformly flat)
and the non-homogeneity of the terrains by compared to the
elastic modulus.

In order to make the problem mathematically treatable we
assume that the plate is homogeneous and isotropic. Let a and
b be the half-big and small axes of the ellipse respectively. The
major axis of the ellipse is carried by the abscissa axis (Ox). It
is a question of calculating the complex potentials *(z), where
z = X + iy, knowing the conditions of constraints to the limits
imposed on the system.

3. Transformation of the plane

To solve the problem, we proceed to a change of variable
which makes the point M(z) of the plane (O, x, y) the image
by the conformal transformation w of a point P(() of the plane
(O, ¢, ) with :

z=w(=R(+m{) R>0,m=>0 (1)

W {szcste)
.

¥4
w(p:c'sfe)

\
"\
Y
.
\
\,
"\
W A

Fig. 2. Transformation of the plane
2. dbra  Siktranszformdcio

A circle of radius p is transformed into an ellipse w(p =
constant), and the direction line 8 into a branch of hyperbola
w(0 = constant). The two curves are orthogonal in z = w({ ).

We see { = p €, that this transformation corresponds to a
circle (p = constant) of the plane (O, {, (,) an ellipse in the
plane (O, x, y) (Fig. 2.). The half-axes of the ellipse are given by:

a=R(p+m.p™) b=R(p -m.p™?)

By puttingR=(a+b)/2and m = (a-b)/ (a +b), we find
that the elliptic hole is the image of the circle of radius p = 1
in the plane (O, {, (), that is to say that at every point of the

ellipse is associated a point { such that |{|= 1. Fig. 3 illustrates
the relation between 6 and the position of M(z) on the ellipse.

A

J

Fig. 3. Relationship between 6 and the position of M(z) on the ellipse
3. dbra Kapcsolat a 0 szog és az M(z) fiiggvény kozott az ellipszisen

The domain outside the ellipse, ie the solid, corresponds in
the plane (O, {, () to the domain in which [{|> 1. When m =
1, we obtain the case of the crack and for m = 0 the case of the
circular hole. So from this transformation of a circle, we will be
able to solve the different cases in our work.

4. Calculation of the fields of constraints and
displacement

The resolution of a plane elasticity problem will consist of
calculating the complex potentials ¢(z) and y(z), and then
calculating the stress and displacement fields at any point M(x,
y) of the solid using the relations of Kolosov-Muskhelishvili
(Muskhelishvili, 1977) which define the plane state from
potentials ¢ and y.

Opp + Opy =4 Re [rp’(z)]
Tyy = Opp + 210, =2 [ 29"(2) + w’(z)] (2)

M (ux + iuy) =Kp(z) -z 9'(2) - Wx)

with:
M = E/ 2(1+ vv) = shear modulus of the solid;
KK = 3 - 4 vv (case of plane deformation);
vv = Poisson’s ratio;
E = Young’s modulus.

0s,, 05 and os are the normal and tangential constraints,
U, and U are the horizontal and vertical displacements. By
referring the relation (1) in equations (2) we obtain:

Opx + Oyy = 4 Re ’r——("’((?)]
X

B 2

G-,Y)' — O t 210,(:.‘ = @ [ axX{)
o

2M(ux + iu},) = k() - O

3

d{m‘(f)
L2 4w 3
dg m'(g)] ! (Oj| G)

o' - _w(s’)

It is also possible to calculate the stresses and displacements
in polar coordinates (p, 0) in the plane (O, x, y). Fig. 4 shows
components of the stress tensor in Cartesian and polar
coordinates.
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Fig. 4. Representation of the components of the stress stretcher in Cartesian and
Polar coordinates
4. dbra  Fesziiltségkomponensek reprezentdcidja derékszogii és poldris
koordindtarendszerekben

For the computation of the stresses and displacements
in polar coordinates one uses the laws of transformations
following (Muskhelishvili, 1977):

= alld - . 4
0'93 0‘ +2l1‘;:r 0g= ¢ (g o, + Z'ny) (4)
up+1u9==c (u +1uy)

«a is defined as follows. Let P({) be a point on the plane plan
(O, {1, 2) and wP)(z, its image in the plane (O, x, y). By the
transformation ww, the line A(6 = constant) is transformed
into the hyperbola branch w(A). a is the angle the tangent
makes to w(A) in w(P) white (Ox).

C. Aoy

WIA)

Fig. 5. Transformation of line A(8 = constant) into hyperbolic branch w(A)
5. dbra  Vonaltranszformdcié A(6 = konstans) hiperboldvd w(A)

In other words, a is the angle, in z = w({ ), between the normal
to the ellipse image of the circle (p = constant) and (Ox). We show
that:

o i o ()
p? o)
By referring (4) to (3), we obtain:
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-~

pp“'ﬂ'ee 49{&[ O}

Ogg= Opp + 2i0,9 = % ](_Q {:,(5 ;,(‘P (é))) (O] (5)

ZM(uIID + iue) =

I

ol

e s T (e
L I I{ o) - pors PO - wd
Relationships (5) are useful when one is interested in the state
of stresses at the surface of the elliptic hole (pp =1) since g, o,
and o, are the normal and tangential stresses at the surface.
We will therefore calculate the potentials ¢¢ and yy according
to the variable ({ and then using the transformation z = ww({{
), we will be able to calculate the stresses and displacements in
the plane (O, x, y).

5. Computer programming

To study the problem of Haoud Berkaoui, we followed the
procedure:

= Before the dissolution of the sodium chloride by the

water of the Albian, there is continuity of the stresses
through the surface of the potential cavity. The stress
along this surface is vertical and equal to the weight of
the overlying land.

= Subsequently the salt is dissolved in the cavity but

fictitiously maintained inside the cavity a stress field
which counterbalances the weight of the ground in

every point of the surface: the system remains in its
original state.

= This constraint is gradually released to reach the new

equilibrium conditions which are: o =0and o =
0 (free surface) where o,  and o, are the normal and
tangential stresses to the cavity surface. During this
relaxation, the cavity is deformed elastically.

Relaxation causes a modification of the displacement and
stress fields inside the surrounding environment, especially on
the surface of the Earth. To calculate these different fields, we
consider that the new equilibrium situation corresponds to the
conditions that prevail in the medium for a cavity charged by
o, and o, the normal and tangential stresses applied to the
surface of the cavity before relaxation, that is to say related to
the weight of the grounds.

The weight of the grounds or lithostatic stress is given by:

o, =dgh
with:

d = density of the land;

g = acceleration of gravity;
h = depth

This stress varies along the surface of the cavity as a function
of the depth of the point of application. This point z = x + iy is
the image of a point { = p €® by the transformation w. The depth
h of this point and its y-coordinate in a coordinate system
linked to the center of the cavity are linked by h = H — y. Now,
y = b sin (*). And the constraint V is thus given by: V is thus
given by: o by the transformation (*). The depth h of this point
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and its y-coordinate in a coordinate system linked to the center
of the cavity are linked by h = H - y. Now, y = b sin 6 . And the
constraint o, is thus given by:

o, = dg (H- b sin 0)

Using relations (4), it is then possible to calculate at any point
on the surface of the cavity the normal stress o, (=0pp, 0,,)> and
the tangential stress o, = (0 ) associated.

The computer program will consist of the following sequence:

= Regular distribution of measurement stations of stress

fields and displacements on the surface of the Earth;

= Cutting the contour of the cavity into a number

of segments (generally 100). On each segment are
calculated o, and o depending on the depth of the
mid-segment point;

= Calculating at each station the surface of the stresses

and displacements due to 0. and o, by using the
complex potentials corresponding to this type of
loading of an elliptical cavity segment;

= Summation of the effects of all the segments of the

cavity of each station of the surface;

= Drawing of the stress curves and surface displacements

by a suitable software.

Two cases can be distinguished according to whether or not
the length of the minor axis of the cavity is neglected in front
of its depth. In the first case, we can consider that we are in first
approximation in the case of the cavity uniformly loaded by a
normal stress o, = dg (H-b).

It is then not necessary to segment the contour of the
cavity and one can use the simplified complex potentials
corresponding to this loading geometry. In the second case,
the procedure described above applies.

6. Trace and interpretation of curves

The parameters of the model that we retain are the following:

= half-major axis of the cavity a = 200 m;

= half-small axisb = 100 m;

= depth of the center of the cavity H = 448 m;

= average Young’s modulus for the overlying layers E =
8-10-10 Pa;

= average Poisson’s ratio v = 0.28;

= average density d = 2650 kg/m>.

Except for a, the parameters were selected based on existing
data and assuming that the entire thickness of the salt layer
was dissolved. The value of a was chosen arbitrarily since no
constraint allows to constrain it. The number of stations on the
surface is n = 100 and the number of segments on the perimeter
of the cavity is n, = 100. Two series of curves have been drawn:

a) Case where the cavity is uniformly loaded: curves 1.1, 1.2,
1.3,1.4 and 1.5.

b) Case where the cavity is not uniformly loaded: 2.1, 2.2,
2.3,24and 25.

For each case we have plotted the following curves:

Normal and tangential stresses at the surface:

Do, ,=fl(x/a).
2) o, = f((x/a).
3) oxyzf((x/a).

Vertical and horizontal surface displacements:
1) u =f((x/a).

Y
2) u_=f((x/a).

Table 1 shows the variations of the stress and displacement
values plumb with the cavity (x = 0) for different values of a
and b.

Dimensions Constraints Displacement
(105 Pa) (102 m)
Gy}’
100 50 4.48 23 132 3440 540 3.19
200 100 2.24 47 154 79.40 7.90 411
300 150 1.49 72 1.87 122.10 8.69 5.79
400 200 112 97 9.90 156.00 20.80 17.40

Table 1 Variations of the calculated stress and displacement
1. tablézat  Szdmitott fesziiltségek és alakvdltozdsok

7. Interpretation

The most interesting information that can be drawn from the

curves and Table 1 are:

a) In the case of Haoud Berkaoui (horizontal
underground cavern approximated by an ellipse), we
observe a maximum displacement perpendicular to
the cavity and a symmetrical plot on both sides of
this point, for the uniform loading. In non-uniform
loading, the maximum is displaced laterally but
the curve remains symmetrical. For the horizontal
displacement, the curve passes by 0 in line with the
hole and is antisymmetric with respect to this point.
This observation is quite logical given the symmetry of
loading.

b) Curves tend to zero to infinity: the effect of the cavity
decreases with distance.

¢) The normal stress o passes through a maximum above
the hole for both types of loading and is symmetrical
with respect to this point. It is the same for the
horizontal stress o, whereas the tangential stress o, is
antisymmetric and goes through zero at this point.

d) Surface displacements decrease when the depth / half-
length ratio increases.

8. Determination of a rupture criterion

It is possible to determine graphically from which value of
stress it is possible to have potential breaks in the surface. The
three basic modes of rupture are represented by Fig. 6.

In the case of an extension rupture (vertical cracking), a
criterion of the type 6 > o, , where o, is the tensile strength of
the rock. In the case of shear failure, a Mohr-Coulomb failure
criterion is used:

lo,| > S, + o
with: o, = tangential stress applied along a potential plane of
rupture;
os,.= normal stress applied on the same plane;

S, = shear strength of the rock;
p = coeflicient of friction of the rock.
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Mode I or Traction:
Perpendicular opening of
the lips of the crack under
the action constraints of
extension.

Mode II or Shear:

Slip of the crack lipsin a
direction perpendicular to
the front of the crack.

Mode III or Twist:
Relative sliding of the lips
of the crack in a direction
parallel to the front of the
crack.

Fig. 6. Representation of the fundamental modes of rupture
6. dbra Jellegzetes torési médok bemutatdsa

In this case, look for the potential break plane (inclined to
the horizontal). Thus, knowing o, o _and o_ on the surface,
we can calculate for a plane of inclination the values of o, and
o, namely :

ot ny o ny
o, = - cos2f—o_ sin2
N 2 2 d xy d
O-xx_ayy
or ——7sm2ﬂ+6xy cos2p

The plane of rupture is that by which the preceding criterion
is respected. To go beyond this qualitative analysis, real, accurate
and up-to-date data is absolutely necessary.

9. Conclusions

The setting up of a theoretical framework necessary for
the understanding of the complex problem of the oil well of
Haoud Berkaoui is essential for its possible control. Modeling
the case of Haoud Berkaoui, a rare and perhaps unique case
in the world, will make it possible to better understand this
phenomenon and to theoretically predict the areas of potential
disruption in the region and to act effectively in the context of
behavior monitoring and the evolution of this delicate problem,
especially as its direct resolution is made impossible because of
the existence of large and deep cracks around the big hole that
put the life of potential stakeholders in danger of death.

The work done at the Laboratory of Physics of Materials
at the School and Observatory of Physics of the Globe of
Strasbourg (IPGS) consisted essentially of the modeling of
the elastic deformation in an infinite plate, pierced with a hole
this in order to examine the mechanical relation between the
loading of the hole and the process of rupture.

Computer programming has consisted of studying the case
where the cavity is loaded uniformly or non-uniformly. During
the dissolution of the sodium chloride in the cavity, the latter
deforms elastically, resulting in a change in displacement fields
and constraints including the surface of the Earth.
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This programming is based on the regular distribution of
measurement stations of the stress fields and displacements
on the surface of the Earth, the cutting of the contour of the
cavity into segments and for each segment the calculation of
the normal and tangential stresses in each station. The surface.
Then we sum the effects of all the segments of the cavity and we
trace the curves of stresses and displacements on the surface.

The effects of all the segments of the cavity are then summed
and the stress and displacement curves are plotted on the
surface. For more accurate results (real, accurate and up-
to-date problem data is needed), it is necessary to use the
iteration method (successive overlays), a method based on
the readjustments of constraints while respecting the initial
boundary conditions. This method takes into account the
interaction between the free surface and the underground
hole. We proceed by successive overlays until the corrective
fields on the free surface and the hole are negligible.

As a preventive measure, studies have been carried out
(Mellak. A., Baudeau, P, 1994), (Mellak, A., Bekkour, K,
1997); (Mellak, A., 2000) to avoid the technical faults that led
to the formation of a gigantic underground cave and a major
surface collapse, in other words, the formation of other Haoud
Berkaoui in Algeria or elsewhere.
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Abstract

The present study is investigating the fresh properties of the self-compacting high-performance
concrete (SCHPC) using recycled concrete aggregate and waste powder materials. Twenty-one
mixtures with the same water to binder ration have been tested for both slump flow and V-funnel
tests. Their results shows that using recycled concrete aggregate (RCA) up to 50% is not affecting
the workability of SCHPC if the water absorption of RCA is compensated, however, waste powder
materials are affecting the fresh properties negatively and demanded higher dosage of chemical
admixture. Their effect differentiates depending on the grading and particles properties of the
waste powder material. The workability results of SCHPC using recycled aggregate and waste
powder materials are satisfying the workability process of normal SCC, which is specified in the
European Guideline for Self-compacting Concrete regulations (EFNARC).

Keywords: self-compacting high-performance concrete - SCHPC, recycled concrete aggregate -
RCA, workability process, high range water reducing admixture - HRWRA.
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1. Introduction

It was revealed that the using of recycled concrete aggregate
(RCA) affects the workability of fresh concrete negatively, where
recycled aggregate concrete (RAC) has higher slump loss than
the natural aggregate (NA) concrete [1-3], which is mainly due
to the aggregate itself where the size, texture, shape and water
content of aggregate have a high effect on the fresh priorities
[4-6]. Fresh properties or workability defined in ACI as that
property of freshly mixed concrete or mortar that determines
the ease with which it can be mixed, placed, consolidated,
and finished to a homogenous condition [7]. It is the basic
property that characterizes the SCC, and to be SCC it has to
flow and consolidate within the formwork without vibration
and just under its own weight. Low water to binder (w/b) ratio
is required in case of the self-compacting high-performance
concrete (SCHPC); to achieve higher durability abilities. Thus
chemical admixtures are recommended through the literature
to use for enhancing the fresh properties of RAC with saving
the hardened properties [5, 8, 9]. It is also recommended in the
literature to use RCA with a saturated surface dry condition
for enhancing the workability [10], however, using RCA at the
partially wet condition or whatever its water content in the
field could simulate more precisely the reality and make the
study more reliable.

2. Fresh properties testing

Filling ability, passing ability, viscosity, and segregation
resistance are the key primary fresh properties of the SCHPC
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which must be taken into consideration in the design phase of
the SCHPC. Slump flow and V-funnel are the two tests were
used in the present study to evaluate the properties SCHPC
in addition to the physical observations. They applied in
accordance with European Guideline for Self-compacting
Concrete EFNARC (2005) [11], which specifies their required
specifications, limitation, and classifications.

2.1 Filling ability
EFNARC (2002) [12], defined the filling ability as the
ability of fresh concrete to flow into and fill all spaces within
the formwork, under its own weight which absolutely fill the
framework without using any means of consolidation like the
vibrator. Aggregate content, aggregate size, w/b ratio, binder
content, binder type and HRWR dosage of concrete are the
main factors affecting the filing ability [13, 14]. Where getting
better filling ability could be achieved by:
= Using the optimal dosage of high range water reducing
admixture (HRWR), which is neither too much to
avoid segregations nor less the required to control the
rheological parameters and reduce the yield stress and
plastic viscosity.
= Using cementing materials enhance the segregation
resistance, which improves the filling ability, the
cementing materials could be filler materials or
supplementary cementitious materials (SCMs), where
the waste powder materials could be achieved the
properties of the filling materials or SCMs [15].
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Wherein case of using RCA the focus on other enhancing
parameters should be of high importance. Table 1 summarizes
the slump flow classes, which is related to the flowability and
filling ability in unconfined conditions.

Slump flow classes Mean slump flow diameter (mm)

SF1 550 - 650
SF2 660 - 750
SF3 760 - 850

Table 1 The slump flow classes by EFNARC (2005) [11]
1. tdbldzat  Teriilési osztdlyok az EFNARC (2005) szerint [11]

2.2 Segregation resistance

The ability of concrete to remain uniform during and after
placement without any loss of stability due to bleeding, mortar
separation and coarse aggregate settlement is the segregation
resistance [12]. Choosing better grading of aggregates, decreasing
the maximum aggregate size, using cementing materials with
cement, and decreasing the w/b ratio enhances the segregation
resistance [16, 17], where in case of SCHPC the low segregation
resistance decrease the durability of concrete [18].

Segregating resistance could be investigated by physical
inspection through the test of slump flow and casting of
concrete, where the lack of any bleeding or separation is
good induction for good resistance of segregation. However,
the passing ability which is defined at EFNARC (2002) as
the ability of fresh SCHPC to flow through tight openings or
spaces confined by steel reinforcing bars, could be achieved as
well by limiting the segregation of coarse aggregate.

2.3 Viscosity

The resistance to the flow of concrete once flow has started
is the definition of the viscosity of concrete, which could be
determined by investigating the efflux time in the V-funnel
test [11]. The flow time has to be limited to be from 6 to 12
second by using the V-funnel test to achieve the good viscosity
of SCHPC. Where the concrete with a low viscosity will have a
very quick initial flow and then stop, while the concrete with a
high viscosity may continue to creep forward over an extended
time [11, 12].

2.4 Processing window

Processing window is a window created by mainly two
coordinates, those coordinates are the slump flow (mm) in the
x-axis and V-funnel time (s) in the y-axis, which could help to
assess and limits the targeted values based on the upper and
lower limits of the slump flow and for the V-funnel time tests.
Some modifications have been suggested on the limited ranges
EFNARC by a number of researchers who they investigated
the fresh properties of SCHPC [16, 17]. However, in the
present study the suggested window EFNARC tested for its
applicability in case of using RCA in the SCHPC.

3. Experimental method

Twenty-one mixtures of SCHPC have been designed to
achieve the properties of SCC at the fresh stage, 500 kg/m’

binder content, and a 0.35 w/b ratio were constant throughout
this experimental study. The variables through the present
study were the aggregate and the binder type, where the coarse
NA have been replaced partially (25% or 50%) by RCA, and
the cement has been replaced partially (15% or 30%) by three
different waste powder materials. The used cement was a
pure Portland cement CEM I 42.5 N, where the waste powder
materials were:
= Unprocessed waste fly ash (UWFA) which collected
from a coal power station in Hungary (Visonta coal-
fired thermal power station) and delivered to the
laboratory for use in the testing program without any
processing.

= Waste cellular concrete powder (WCCP) which is a
waste material collected from a factory for cutting
cellular concrete masonry in Hungary.

= Waste perlite powder (WPP) which is amorphous
volcanic silicate/alumina rock which originating from
raw perlite resulting from cutting the raw perlite rock,
where Hungary consider one of the main countries for
producing Perlite [19]. Fig. 1 shows the sieve curves for
both cement and waste powder materials.

The NA used in the present study was quartz sand and
gravel (0/16 mm size), which have been imported with three
nominal grading fractions, sand (0/4 mm), small gravel (4/8
mm), medium gravel (8/16 mm), where divided regarding
the fractions to 45%, 30%, and 25% respectively. While the
coarse RCA fraction (4/16 mm size) produced by crushing of
concrete cubes with average compressive strength between 28
to 33 MPa. The particle grading distribution shown in Fig. 2.

100

& o ®
S & 3
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Particles diameter (um)

Fig. 1. Grading curves of cement and waste materials
1. dbra A cement és a hulladékporok szemmegoszldsi gorbéje

A considerable amount of HRWRA was required to achieve
the deformability and resistance to segregation at fresh state.
Sika ViscoCrete-5 Neu is a modified polycarboxylates aqueous
solution, which has been used as HRWRA in the present study
to achieve and ensure the rheological properties of the fresh
SCC.

100 =

~ 80 ”’
X ”
= 60 -7
= ”~
2 40 7 w= == Natural sand (0/4)
g 7 s/ eeeees Natural aggregate (4/8)
20 7 Natural aggregate (8/16)
o L eevessesessianeentt ] Recycled aggregate (4/16)
0 -
0,063 0,125 025 0,5 1 2 4 8 16 31,5 63 125

Sieve size [mm] log scale

Fig. 2. Grading curves of different types of aggregates
2. dbra A kiilonbozé adalékanyagok szemmegoszldsi gorbéje
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The twenty-one mixtures were allocated through seven
of cement 0% 25% 50% series; each series contains three m}xture's with the same type
replacement  replacement  replacement of binder and amount of HRWR to investigate the actual effect
of coarse of coarse of coarse of each replacement amount of both RCA and waste powder
aggregate aggregate aggregate materials on the fresh properties of SCHPC. Table 2 shows the

with RA with RA with RA . .
produced mixtures for the present study, while Table 3 shows

Replacement Series | Series Il Series Il

0% RAO RA2S RASO the chemical compositions for all mixture. Where mainly
15% UWFA FISRAO FL5RA25 FASRASO two replacement amounts of NA have been replaced by RCA
30% UWFA F30RAO F30RA25 F30RA50 (25% and 50%) while the cement has been replaced by two
15% WCCP C15RA0 C15RA25 C15RA50 percentages by each of the proposed waste powder materials
30% WCCP C30RA0 C30RA25 C30RA50 (15% and 30%).
15% WPP P15RA0 P15RA25 P15RA50
30% WPP P30RAO P30RA25 P30RA50 4. Mixing procedure
Table 2. Mixing series Mixing was carried out in accordance with EN 196-1 [20]
2. tabldzat Keverési sorozatok for a total mixing time of four and a half minutes partitioned
in three stages by using an electric concrete mixer. After each
Name of Proportions in kg/m? stage, the ingredients were manually mixed to achieve the

mixture Fine Coarse

aggregate aggregate

highest homogeneity. The first stage the aggregate and binder
powders are mixed, the second stage the water is added, and
finally in the third stage the HRWR is added. The samples
have been cast in steel molds having different sizes to obtain
the standard specimens for each test. The fresh properties
have been tested after one minute of finishing the mixing,

3
)
[=d
o
=4
=

N. Sand NA RCA

J9zionsejdiadng

0/4 4/16

Series| which means after 4 minutes from adding water. The mixing
RAO 500 0 83 939 0 15 175 procedure has a significant effect on both fresh and hardened
RA25 500 O 783 704 230 15 175  concrete, in the present study the mixing procedure have been
RA50 500 O 783 470 460 15 175 optimized as the first step for the study.
Series ||
F15RA0 425 75 767 920 0 2 175 5. Results
FI5RA25 425 75 67 690 226 2 175 5] High range water reducer demand
FI5RAS0 425 75 67 460 281 2 A5 To achieve the European Guideline for Self-compacting
Series Ill Concrete regulations and to study the countless effects of
F30RA0O 350 150 751 901 0 3 175 RCA, UWFA, WCCP, and WPP, the adding amount of HRWR
F30RA25 350 150 751 475 221 3 175 have been optimized in the preparation stage. Fig. 4 shows the
F30RABO 350 150 751 451 442 3 175 HRWR demand in case of using the waste powder materials
Series IV with and without RCA, where using RCA up to 50% does not
CiSRAD 425 75 66 019 o 17 1 affect the fresh properties of SCHPC. In RAC mixtures the
water absorption capacity of RCA was compensated, which in
C15RA25 425 75 766 690 225 17T 175 this case almost the same slump flow (between 67.5 to 69.75
C15RA50 425 75 766 459 451 17 175 cm) and flow time (between 6 to 12 s) have been recorded by
Series V using the same amount of HRWR as shown in Fig. 4 at point
C30RA0 350 150 750 899 0 325 175 (a). However, the water absorption capacity of the adhered
C30RA25 350 150 750 674 220 3.25 175 mortar in RCA is the main reason which affects the workability
C30RA50 350 150 750 451 442 395 175 of RAC but by compensating the water absorption the negative
effect of RCA on workability could be eliminated despite that
Series VI the effect of the rough surface of RCA will still slightly affects
P15RA0 425 75 774 928 0 3 175 the flow time of RAC.
P15RA25 425 75 a 697 228 3 175 Where the literature is not discussing the three of the
P15RA50 425 75 A 464 455 3 175 previously mentioned waste powder materials and their
Series VI effect on the fresh properties of SCHPC, where in this case
P30RAO 350 150 766 918 o 375 175  the demand of HRWR has been optimized in form of a linear
P30RA25 350 150 766 688 225 3.75 175 relationship for each waste powder material at constant binder
P30RAS0 350 150 266 459 450 375 175  content 590 kg/m®. The demand of HRWR 1ncFeased linearly
by increasing the dosage of waste powder materials, due to the
Table 3. Concrete mixing proportioning absorption capacity and different grading fraction comparing
3. tabldzat A betonkeverékek osszetétele to the cement.
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5.0

45 HRWR (kg/m®) = 0.08x + 1.5
40 R2=0.9571, x is the WPP (%)
35 HRWR (kg/m?) = 0.0467x + 1.5
3,0 R?=10.9571, x is the UWFA (%)

(2)

5 / HRWR (kg/m?) =0.0493x + 1.5

2,0
1,5
1,0
0,5
0,0

R*>=10.8014, x is the WCCP (%)

0 5 10 15 20 25 30 35 40 45 50
Waste powder material as a substutuion of cement (%)

Fig. 4. 'The HRWR demand by increasing the waste powder materials substitution
4. dbra A cementhelyettesitések hatdsa a folyésitészer-igényre kiilonbozd
hulladékporok esetén

In case of using any of the three waste powder materials the
concrete mixtures demanded HRWR with a linear function (R?
> 0.83), however, in case of using the three of the waste powder
materials together with the same amounts, the demanded
HRWR was in a linear function for the average dosage of the
dosages whom using for each alone. The function is:

HRWR (kg/m?®) = 0.0585x + 1.5,

where x is equal to the total substitution of cement by waste
powder materials in percentage (%), when the three of the
waste powder materials are using together with the same equal
amounts. This function has been gotten by optimizing two
mixes with the three of waste powder materials together for
achieving the requirements of European guideline EFNARC
(2005), where the first mix was with replacing 15% of cement
by waste powder materials (5% UWFA + 5% WCCP +5%WPP),
while the second by 10% for each. Fig. 5 shows the HRWR
demand by increasing the dosage of waste powder materials, in
case of using the three of the waste powder materials together
with the same dosage of each.

35
3
225 '
£ HRWR (kg/m®) =0.0585x + 1.5
2 2 R?=0.9839
£1s
&
T
05
0
0 5 10 15 20 25 30 35

Waste powder material as a substutuion of cement (%)

Fig. 5. 'The HRWR demand by increasing waste powder materials substitution, (in
case of using the three of the waste powder materials together with the same
dosage of each)

5.dbra A cementhelyettesitések hatdsa a folyésitészer-igényre a kiilonbozé
hulladékporok egyiittes haszndlatdval (mindhdrom azonos mennyiségben
valé alkalmazdsa esetén)

5.2 Slump flow and V-funnel

Increasing the amount of RCA decreases the slump diameter
slightly which agrees with most researchers findings [21-23],
as well as the flow time has increased by adding 50% of RCA
and that is mainly related to the shape and texture of RCA
compared with the NA that have been used. While the RCA
has greater surface roughness and relatively big amount fine
particles, which were a result of the processes of crushing,

these factors affect the slump diameter and the flow time of the
mixtures directly against increasing the amount of the involved
RCA.

80 14
s Slump flow (cm)

70 l | | V-funnal (s) 12
60 0
80 I I 2
> 8 =
2 40 E
o 6 =
E30 >

7
20 4
10 2
0 0
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Mixture name

Fig. 6. Results of slump and V-funnel tests
6. dbra A teriilés a kifolydsi id§ vizsgdlatdnak eredményei

Fig. 6 shows the results of slump flow and V-funnel tests
for all mixtures and series. It is clear that adding UWFA as a
replacement of cement either by 15 or 30% cause decreasing
in the slum flow even by using a higher amount of HRWR.
This behavior might be due to the big particles and the high-
unburned carbon content of the added UWFA, where these
two parameters absorb higher amount of water, resulting in
less workability [24, 25]. Almost the same behavior has been
observed by adding WCCP, which also has relatively big
particles size compared to cement, in addition to its ability to
absorb a high amount of water. Despite the slump, flow and
V-funnel time are not changed significantly by adding WPP;
the fresh properties considered as negatively affected when
WPP added for both recycled and natural aggregate concrete.
Where the required amounts of superplasticizer have been
increased considerably, this reduction in workability might
be due to the high surface area of WPP and its absorption
capacity [26, 27]. The WPP does not affect the V-funnel time
because WPP consumes longer time to absorb water due to its
special amorphous, as well as its particles are relatively small
comparing to UWFA and WCCP.

The effect of RCA was ranged in less than 30 mm concerning
flow diameter and 1.5 seconds concerning flow time, which
its effect could be neglected and that due to compensating
of the water absorption capacity of RCA by adding water for
RAC mixtures. However, by increasing the amount of any of
the waste powder materials; the flow time increase and that is
due to amorphousness and water absorption capability of the
waste powder materials if compared with ordinary Portland
cement (OPC) especially in case of using UWFA. That does not
agree with SCHPC incorporating processed fly ash where the
flowability increase in that situation [28]. All of the obtained
measures of slump flow and V-funnel tests throughout all
series satisfied the European guideline EFNARC (2005) and
the suggested determinations of the previous literature.

5.3 Processing window

The workability ranges for all SCHPC mixtures shows the
same rang of EFNARC (2002) regulation for normal SCC,
which indicate that the EFNARC regulations for SCC are
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also appropriate for SCHPC either by using NA or RCA.
Where those regulations have been proposed by EFNARC to
avoid any segregations or stagnations. Fig. 7 shows that the
processing window of SCHPC mixtures, which is the same
as the recommended processing window by EFNARC (2002)
regulation for SCC.

20

. SF1 | SF2 | SF3
et
212 =
= hd L
g lg Viscosity range
26 ste, | o
4
0

10 15 20 25 30 35 405145 50 55 60 65 70 75 80 85 90 95 100

lump flow (em)

Fig. 7. Processing window of RASCC
7. dbra  Alkalmazhatdsdgi tartomdny hulladék adalékanyagos ontomorodé betonok
esetén

The visual examination was carried out during mixing and
by inspection the periphery of the concrete after measuring
the slump flow, where no segregations or agglomerations of
aggregate have been observed as well as the amount of HRWR
optimized to produce a healthy mixture with appropriate fresh
properties.

6. Conclusions

The present study is investigated the fresh properties of the
self-compacting high-performance concrete (SCHPC) using
recycled concrete aggregate (RCA) and waste powder materials.
Where the main conclusions that could be concluded are:

= RCA does not affect the fresh properties of SCHPC

significantly if the water absorption of RCA is
compensated, whereby adding waste powder materials
the effect decrease more,

= Waste powder materials affect the fresh properties of
SCHPC negatively in both cases of using either NA or
RCA,

= The demand of HRWR increase by increasing the
replacement amount of cement by any of the waste
powder materials.

= The workability process window of SCHPC using
recycled aggregate is satisfying the workability process
of normal SCC which is specified in the European
Guideline for Self-compacting Concrete regulations
(EENARC),

= Slump flow and V-funnel tests with the physical
observations are very important to produce and classify
the fresh properties of SCHPC.
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Nagyszilardsagu ontomorodo beton frissbeton jellemz6i
hulladék anyagok hasznositasaval Ontomoérodd, nagy
teljesitoképességli betonok (SCHPC) frissbeton jellemzoit
vizsgaltuk Ujrahasznositott beton adalékanyagként valé fel-
hasznalasaval és kiloénbdzd hulladékalapu (feldolgozatlan
pernye, perlit, poérusbetonpor) cementhelyettesitd, illetve ki-
egészitd anyagok alkalmazasa esetén. Huszonegy keveréket
vizsgaltunk, a terlilést és a kifolyasi id6t mérve. Eredményeik
azt mutatjak, hogy a kavicsfrakcio 25 és 50%-os helyettesi-
tése Ujrahasznositott betonzizalékkal (RCA) nem rontja az
SCHPC bedolgozhatésagat, ha a betonzlizalék vizfelvételét
szamitasba vesszik. A hulladékalapi cementhelyettesitd
anyagok viszont negativan befolyasoljak a friss tulajdonsago-
kat, és jelentdsen megnd a folyositoszer-igény, de megfeleld
keverékek esetén Ujrahasznositott adalékanyagok és hulla-
dék alapl kiegészité anyagok egylttesen is alkalmazhatok
Ggy, hogy az 6ntdmorddod betonokra vonatkozo elvarasoknak
(EFNARC) megfeleljen.

Kulcsszavak: 6ntomorodo beton, Gjrahasznositott beton,
nagyszilardsagl beton, bedolgozhatdsag, frissbeton jellem-
70k, adalékszerek
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Abstract

The paper presents the results of studying the geological structure of the Ludlowian boundary
sediments and data on lithology, bio-and chemostratigraphy, and large-scale biotic reconstruction
at the boundary Ludlow-Pridoli. The results obtained make it possible to draw a conclusion about
the stratigraphic incompleteness of the Ludlow section in the Subpolar Urals and the interruption
in sedimentation at the end of the Ludlow.
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1. Introduction

The evolutionary replacement of the brachiopods
Didymothyris didyma (Dalman) and the Collarothyris
canaliculata (Wenjukov), and the renewal of the taxonomic
composition and a significant increase in the diversity of the
biota observed in the characteristic lumpy limestones that form
the bottoms of the Belush’'ya stage of the Pridoli, is the basis
of the paleontological study of the boundary Ludlow-Pridoli
in Severouralsk region. The boundary Ludlow-Pridoli was
adopted at the base of these lumpy limestones of the Belush'ya
stage, in which the terrigenous or terrigenous-carbonate
member is universally distinguishable, as reflected in the Ural
stratigraphic scheme [1].

It should be noted that there is another point of view on
the position of the boundary Ludlow-Pridoli in the Ural cuts,
according to which this boundary lies above the carbonate-
terrigenous member, in the thickness of the lumpy limestones
of the Belush’ya stage of the Pridoli [2].

The results of the newly conducted study of the boundary
layers of the Ludlow-Pridoli in the Upper Silurian base section
on the western slope of the Subpolar Urals, during which the
previously unknown interval of the 16 m cut was uncovered,
allow us to conclude that there is a break in the sedimentation
that separates the Ludlow and Pridoli deposits.

The complexity of solving the problem of determining the
boundary Ludlow-Pridoli in the North Urals region within
the Mikhailovsky-Vaigach structural-facies zone is that the
complex of brachiopods and other fauna characterizing
stratotypic sections of the regional stages of Pridoli (Belush'ya
and Karpov) do not contain species that are characteristic for
Pridoli deposits in the global stratotype of the Czech Republic

[1].
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2. Geological settings

In the current structural-tectonic plan, the investigated
section (236) lies within the Pre-Ural foredeep of the West Ural
structural zone. Paleozoic deposits in this region belong to the
Yelets (shelf) structural-formational zone and form natural
outcrops, traced for more than 100 km along the right and left
banks of the river Kozhym, and are confined to the periclinal
closure of the Obeiz anticline (latitude 65°40°0.86”C, longitude
59°45°2.09”B) [3, 4].

3. Materials and methods

The interval of 24 m boundary Ludlow-Pridoli deposits
considered here, in the terrigenous-carbonate section (236),
chosen as the reference for the whole of the European North-
East of Russia, is located on the western slope of the Subpolar
Urals, on the Kozhym river (Fig. 1). The biostratigraphic
separation of the Upper Silurian deposits in the Severouralsk
region is based primarily on the zonal scale for brachiopods.
Zonal dominant species have the narrowest stratigraphic and
wide lateral ranges of distribution in Severouralsk region and
beyond it (Fig. 2) [5].

The material for the article was presented by the authors’
previously published brachiopod collections from the section
236, the published definitions of ostracods studied by A.E.
Abushik and conodonts studied by S.V. Melnikov [6]. The
definitions of brachiopods were made by T.M. Beznosova,
vertebrates - by T. Marss and conodonts - by L.V. Sokolova and
P. Ménnik.
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Fig. 1.

Scheme of the location of the studied section in the Kozhym river basin
(latitude N65°40°0.86”, longitude E59°45°2.09”). Designations: (1)
Polygnathoides siluricus (Branson and Mehl), (2) shell Pentamerid in the Reef
Ecosystem, (3) railroad

1. dbra A vizsgdlt teriilet sémdja a Kozhym folyé medencéjében (szélesség N65°40°0.867,
hossziisdg E59°452.09”). Jelolések: (1) Polygnathoides siluricus (Branson és
Mehl), (2) kagyl6héj Pentamerid a zdtony Gkoszisztémdban, (3) vasitvonal

During the field work, P. Mannik and V. Matveev carried
out a layer-by-layer description of the section and made
new collections — more than 100 rock samples and with the
remains of fossil macrofauna, 22 samples for conodonts and
other microfauna, 98 samples for the isotope 613 C_,. Also,
a previously uncovered interval of the Upper Ludlow section
was uncovered, with a thickness of more than 16 m.

The history of the study and the significance of the results
of earlier studies of this section (236), selected as a reference
for the Upper Silurian of the entire territory of the European
North-East of Russia, are given in of monographs [5, 6, 7].

Determination of the isotope 613 C_ , in carbonate rocks was
carried out at the Geonauka Center of the Institute of Geology,
Komi Science Center, Uralian Division of the Russian Academy
of Sciences, on the DELTA V Avantage mass-spectrometer
(analyst I. V. Smoleva). The value of the isotopic coeflicients
was determined in ppm (%eo) by the standards PDB NBS18 and
NBS19 (TS-limestone) for carbon. The error in determining
both coefficients did not exceed + 0.1 %o. The isotope 613 C_
is determined in 98 samples (a sampling step of 50 cm). All
analytical works were carried out at the Institute of Geology,
Komi Science Center, Uralian Division of the Russian Academy
of Sciences named after academician N.P. Yushkin.

Collections are stored in the Museum of A.A. Chernov of the
Institute of Geology, Komi Science Center, Uralian Division of
the Russian Academy of Sciences named after Academician N.P.
Yushkin (collection Ne 514 - lithological specimens and sections,
Ne 368 - brachiopods, 693 - conodonts, Ne 654 — vertebrates).

4. Results and discussion

The late Ludlow (Ludlow) age of the Sizim stage determines
the remains of the vertebrates Phlebolepis elegans Pander,
pandemic conodonts Polygnathoides siluricus (Branson and
Mehl) and brachiopods Didymothyris didyma (Dalman),
which can be found in its sediments.

The sediments of the 15.5 m of the Upper Sizim stage are
characterized by a gradual reduction in the taxonomic diversity
of the biota, the disappearance of the Ludlowian brachiopods
Didymothyris and the conodonts Adctenognathodus (Fig. 2).
10 genera of the ostracods of 18 disappear at the end of the
Ludlow. The sedimentation signs of shallowing upwards along
the section are clearly manifested - the alternation of limestones
of stromatolitic, oolitic, microbial-clotting and dolomites
with interlayers of flat-pebbled conglomerates, with cracks
of desiccation, biomorphic, organogenic detritus, litho- and
bioclasts with redeposited pebbles of limestone composition
(Fig. 2.A). The maximum of the relative sea level falls on the
end of the Ludlow. Reduction of the taxonomic diversity of
fauna, replaced by the dominance of stromatolite-forming
biota, observed in the section, indicates a major ecosystem
restructuring at the end of the Ludlow (Fig. 2.B).

The upper boundary of the Ludlow Sizim stage was
determined from the top of the interlayer of reddish-mottled
clays, which fix the final regressive phase of the basin
development at the end of the Ludlow and the characteristic
features of the break in sedimentation (Fig. 2.C). [8, 9].

The transition from Ludlow to Pridoli deposits is
lithologically fixed by a dolomite interlayer with large lithoclasts
(break breccias, overlapping reddish-mottled clays) and thick
lumpy dolomites with interbeds of calcareo-argillaceous
black carbonaceous shaly mudstones corresponding to a new,
transgressive sedimentation cycle. The transgression at the
beginning of Pridoli facilitated the transportation and mass
burial of organic matter at the base of the Belush’ya stage.

Paleontologically, this transition is characterized by a
completely renewed composition of brachiopods [10] and
ostracods [11]. The conodont complex of the lower part
of the Belush’ya stage is mainly represented by the wide
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Fig. 2. Distribution of brachiopods, conodonts and vertebrates, isotopes 513 C

carb

and lithological features in the boundary deposits of Ludlow and Pridoli on the Western slope of

the Subpolar Urals (section 236). Designations: A- dolomites with interlayers of flat-pebbled conglomerates (layer 24, Sisim stage); B- shaped stromatolite buildups (layer
64, Sisim stage); C- ludlov and pridol border (layer 68); D- interlayer with coarse material layer 68a (Belushinsky stage); E- interlayering of black carbonaceous argillites,
siltstones of limestone and cloddy limestones with brachiopods Hemitoechia distincta Nikiforova and Collarothyris canaliculata (layer 72, Belushinsky stage)

2. dbra  Porgekariiak, konodontdk és gerincesek, izotép 813 C_, litoldgiai jellemzdk a ludlovi-pridoli hatdrdn a szubpoldris Ural nyugati lejtéjén (szekcio: 236). Jelolések: A~ dolomitok
lapos kavicsos konglomerdtummal (réteg 24, Sisim stddium); B- alakos sztromatolit felépiilések (réteg 64, Sisim stddium); C- ludlovi-pridoli hatdr (réteg 68); D- kiztes réteg
durva anyag réteggel 68a (Belushinsky stddium); E- koztes réteg; fekete széntartalmii agyagpaldk, iszapkivek, mészkovek és rogos mészkovek porgekariakkal (Hemitoechia

distincta Nikiforova és Collarothyris canaliculata; réteg 72, Belushinsky stadium)

geographical distribution of Wurmiella excavata (Branson and
Mehl), Ozarkodina confluens (Branson and Mehl), Pedavis cf.
latialata (Walliser), Oulodus cf. siluricus (Branson and Mehl),
Panderodus unicostatus (Branson and Mehl) [12] (Fig. 2).

The Belush’ya stage of Pridoli (8.5 m) in the same section
(236) in the base is composed of limestone dolomites with
large lithoclasts (break breccias), oriented along the bedding of
rocks (Fig. 2.D). Above are the limestones with intercalations of
black calcareous-carbonaceous shaly mudstones and greenish-
gray mudstones with the brachiopods of Hemitoechia distincta
Nikiforova, which overlap limestones lumpy (Fig. 2.E) with
brachiopodsCollarothyriscanaliculata (Wenjukov), Atrypoidea
sheii (Holtedahl), Howellella pseudogibbosa Nikiforova [5].
This shelly layer forms distinct marking brachiopod layers in
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the lower part of the Belush'ya stage, which can be traced in the
sections of the Subpolar and Northern Urals, on the Chernov
and Chernyshev uplifts, as well as numerous wells drilled
on the territory of the Timan-Pechora oil and gas province.
Similar layers with a complex of brachiopods, differing only in
a large variety of representatives of the genus Atrypoidea, were
first described by O.I. Nikiforova from the lower stratum of
Pridoli of Vaigach island [13, 14]. The complex of conodonts is
represented mainly by species of wide geographical distribution
and long-term existence of Wurmiella excavata (Branson and
Mehl), Ozarkodina confluens (Branson and Mehl), Pedavis cf.
latialata (Walliser), Oulodus cf. siluricus (Branson and Mehl),
Panderodus unicostatus (Branson and Mehl).
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4.1 The isotope 613 C

The isotopic characteristics of carbonates of the boundary
Ludlow-Pridoli deposits in section 236 have shown that they
are characterized by 613Scarb values, in range from -7.9 to
-1.8 %o. Two intervals with sharp negative peaks 813 C_
in the section of the Upper Ludlow are distinguished on the
isotope-carbon curve (Fig. 2).

The Pridoli part of the section is characterized by 613 C_, values
from -3.6 to -0.6 %o. In the lower part of the Pridoli, a sharp shift of
the curve from negative values of §13C_, is recorded in the direction
of positive values with an amplitude of oscillations of 3 %o. Higher
the values of 613 C_, are fairly constant. They are characterized
by gradual weighting of the isotope 613 C_, to -1.0 %o, which
determines the trend of the positive direction of the curve. The values
of this interval fall on the layers of limestones with characteristic
lumpy detachment enclosing diverse fauna of Pridoli age (Fig. 2).

Thus, the curve of the isotope 813 C_, lies in the region of
negative values of 813 C_ , with two negative excursions. The
sharp decreases of 8§13 C_ in the first and second interval
(down to -7.9 ... -7.4) indicate significant changes in the
characteristics of the sedimentation environment in Timan-
Northern Urals marine basin.

Thus, the boundary Ludlow-Pridoli is determined by the contact
of variegated clays and dolomites with large and lithoclasts (break
breccias), above which dark gray lumpy limestones with interlayers
of black carbonaceous and greenish-gray mudstones lie.

The major ecosystem restructuring associated with the
Lower Pridolian Event is traced in sections in the North-East
of Eurasia, the Arctic islands of Russia (Vaigach, N. Zemlya,
Dolgiy) and Canada, Alaska [15, 16, 17, 18, 19].

carb

5. Conclusions

The obtained results indicate the global character of the
biotic rearrangements at the end of the Ludlow and at the very
beginning of the Pridoli, the traces of which were preserved in
the reference section of the Upper Silurian in the Subpolar Urals.

The decline in sea level, the widespread development of
stromatolite-forming biota, the reduction of biodiversity, the
disappearance of conodonts of the genus Adctenognathodus at
the end of the Ludlow and the change in the dominants in the
biota at the beginning of the Pridoli reflect the general response
of organisms of different hierarchies (brachiopods, ostracods,
conodontophorides and microbials) to habitat conditions
late Ludlow and at the boundary Ludlow-Pridoli in Timan-
Northern Urals marine paleobasin. The significant shallowing
of Timan-Northern Urals marine basin at the end of Ludlow
caused the death of a large mass of microbial communities, as
well as abundant and diverse biota of the Ludlow reefs.
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Abstract

One of the causes of autism disease is known to be the contamination of lead compounds for
pregnant women or the children. The purpose of the research is to be proven the effect of lead

ions by in vivo method on the samples of rabbit blood using cyclic voltammetric technique and

Ahmed Adeeb MOHAMED

to identify the effect of the antioxidant reagent namely propolis compound. The electrochemical
analysis method was used in this study by cyclic voltammetric technique to determine the effect
of propolis on the oxidation current peak of lead ions in blood medium (samples of rabbit blood).
It was found that propolis compound acts as antioxidative reagent to reduce the oxidation current
peak of lead ions to minimize value of current, it means that propolis compound is doing to
eliminating the effect of lead ions in the blood and preventing it from precipitating the lead ions

on the brain through the stream of blood in the animal body.

Keywords: lead ions, blood medium, cyclic voltammetry, GCE, propolis, autism, rabbit
Kulcsszavak: 6lom ionok, vér kdzeg, ciklikus voltammetria, GCE, propolisz, autizmus, nydl

1. Introduction

Many scientists have studied the effect of lead ions in different
electrolytes such as blood medium to determine the oxidative
effect of lead ion [1-5].

Propolis or bee glue is a resinous mixture that honey bees
produce by mixing saliva and beeswax with exudate gathered
from tree buds, sap flows, or other botanical sources [6,7].
Blood samples of rabbits were studied before and after given
propolis during which clinical signs, body weight, mortality
rate and histopathological changes associated with challenge of
rabbits with P multocida strain were recorded [8]. It is possible
to prove protective roles of propolis against Pb-induced
neurotoxicity. The results showed that co-administration of
propolis with Pb inhibited Pb-induced neurological toxicity,
as indicated by normalization of inhibition of brain MDA and
PCC formation. Also, propolis protects the mitochondrial
NADH-cytochrome C reductase, SDH and cytochrome
C activities from Pb-induced amelioration. Furthermore,
propolis increased vitamin C, vitamin E and P-SH levels in rat’s
brain. It can be concluded that propolis has beneficial effects
and could be able to antagonize Pb-induced neurotoxicity
[9]. Propolis has been attracting scientific attention since it
has many biological and pharmacological properties, which
are related to its chemical composition. Several in vitro
and in vivo studies have been performed to characterize and
understand the diverse bioactivities of propolis and its isolated
compounds, as well as to evaluate and validate its potential. Yet,
there is a lack of information concerning clinical effectiveness.
The aim of this review is to discuss the potential of propolis
for the development of new drugs by presenting published
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data concerning the chemical composition and the biological
properties of this natural compound from different geographic
origins [10]. Oxidative stress seems to play a very important
role in the carcinogenic process. Reactive oxygen species
(ROS) can elicit multiple effects by mediating carcinogen
activation, causing DNA damage, and interfering with the
repair machinery of the damaged DNA. In addition, ROS levels
increases in preneoplastic cells during their promotion stage.
This seems to induce the growth of initiated cells, and to play a
role during cell cycle progression either by further damage the
unstable genetic material or by altering the growth of tumor
cells. Thus, tumor cells continually undergo high and persistent
oxidative stress by ROS although this stress does not appear to
be enough to induce cell death. On the contrary, as a hormetic
effect, pleneoplastic cells show increased cell resistance to
ROS because the cell antioxidant mechanisms are induced.
Thus, they showed high levels of internal antioxidants such as
coenzyme Q (CoQ) and are also able to accumulate high levels
of ascorbate and reduced glutathione. These high levels of
endogenous antioxidants may increase the chemotherapeutic
resistance of the cells [11].

In this work, it was used a new method to prove that propolis
compound can act as inhibition reagent for oxidation lead ions
in the brain of rabbits.

2. Experimental

2.1 Materials

Groups of five 1.5-2 year old local breed rabbits (Oryctolagus
cuniculus) weighting ~1.5kg were used. One group was injected
intraperitoneally (IP) with 1 mg/kg lead acetate (Central Drug
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House, Leiden, Netherlands) dissolved in distilled water and
another injected lead but also and fed orally 750mg/kg propolis
and deionized water for dilute the blood samples.

2.2 Apparatus

Instruments: EZstat series (potentiostat/glvanostat) NuVant
Systems Inc. pioneering electrochemical technologies USA.
Electrochemical workstations of Bioanalytical system with
potetio-state driven by electroanalytical measuring software
was connected to personal computer to perform cyclic
voltammetry (CV), glassy carbon electrode (GCE), Ag/AgCl
(3M NaCl) and Platinum wire (1 mm diameter) was used as
a working, reference and counter electrode respectively. The
surface of GCE was cleaned by polishing with alumina solution
and about ten minutes in sonic water path to remove any
impurities before using in the cell of CV.

2.3 Procedure

Each sample of rabbit blood (volume of 1 ml) was diluted
with 9 ml of deionized water, the mixture placed in quartz cell
of 10 ml, three electrodes (glassy carbon electrode as working
electrode, Ag/AgCl as reference electrode and platinum wire
as counter electrode) were immersed in the mixture of blood
sample. The three electrodes were connected with potentiostat
to determine the results by the cyclic voltammogram using
personal computer [12].

3. Results and discussion

3.1 Effect lead ions on the blood components at different
period weeks

Results are shown in Table I and represented in Figs. I and
2. Electrochemical analysis of cyclic voltammetry of lead ion
oxidation in blood produced a current peak of 400 mV with
8.64 uA in the 1* week after injection of rabbit with lead Pb(II).
In those fed with propolis, the current reduced to 3.8 uA, a
difference of (Alpa) about 4.84 uA. By the third to 8 period of
testing the differences remained. By the 9" week we obtained a
peak of 16.8 uA in that had been exposed to lead where in that
propolis, voltage reduced to 3.53 uA a difference of 13.27 uA.
The findings suggest that propolis may have reduce oxidation
by lead ions in blood [13, 14].
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Fig. 1. Cyclic voltammograms measured in rabbit blood with lead ions or propolis

(with lead ions as well) during the first week of tests; GCE as working
electrode versus Ag/AgCl (3M NaCl) as reference electrode.

1. dbra  Ciklikus voltammogramok; nyiil vér mintdk 6lom tartalommal, propolisszal
etetve vagy anélkiil, a vizsgdlatok elsé hetében; méré elektréda: GCE,
referencia elektréda: Ag/AgCl (3M NaCl).
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Fig. 2. Cyclic voltammograms measured in rabbit blood with lead ions or propolis
(with lead ions as well) during the 9" week of tests; GCE as working electrode
versus Ag/AgCl (3M NaCl) as reference electrode.

2. dbra  Ciklikus voltammogramok; nyil vér mintdk 6lom tartalommal, propolisszal
etetve vagy anélkiil, a vizsgdlatok kilencedik hetében; méré elektréda: GCE,
referencia elektréda: Ag/AgCl (3M NaCl).

Ipa Alpa Concentration Concentration

(uA) (reducing) (mM) (mg)
period (1) 20-3-2017
Pb + blood 8.64 0.008 3.035
Pb + blood +Propolis 3.8 4.84 0.0013 0.493
period (2) 26-3-2017
Pb + blood 11.5 0.015 5.69
Pb + blood +Propolis 3.98 7.52 0.0014 0.531
period(3) 2-4-2017
Pb + blood 12.7 0.021 7.966
Pb + blood + Propolis 3.43 8.27 0.0011 0.417
period (4) 9-4-2017
Pb+blood 14.5 0.025 9.483
Pb + blood + Propolis 2.73 11.77 0.00094
period (5) 17-4-2017
Pb+blood 12.7 0.02 7.966
Pb + blood + Propolis 2.28 10.42 0.0009 0.341
period (6) 24-4-2017
Pb + blood 14.8 0.027 10.242
Pb+ blood+ Propolis 2.84 11.96 0.00096 0.364
period (7) 30-4-2017
Pb+blood 15.2 0.029 11
Pb+blood+Propolis 2.49 12.71 0.00093 0.353
period (8) 7-5-2017
Pb + blood 19.2 0.039 14.793
Pb+blood+Propolis 4.02 15.18 0.0014 0.531
period(9) 14-5-2017
Pb+blood 16.8 0.032 12.138
Pb+blood+Propolis 3.53 13.27 0.0011 0.417

Table 1. Oxidation current peak and concentration of lead ions in rabbit blood
exposed to lead ions or fed propolis (with lead ions)
1. tabldzat Oxiddciés cstics dramerdsségek és 6lom ion koncentrdcio nyul vér mintdkban
6lom tartalommal, propolisszal etetve vagy anélkiil

3.2 Effect the concentration of Pb(II) in blood samples
before and after feeding omega 3 fatty acid on the rabbit

Lead ions in blood were measured by cyclic voltammetry.
One group of 5 rabbits was injected 1mg/kg lead acetate
dissolved in distilled water. Another group of 5 rabbits were
injected 1mg/kg lead acetate IP but also fed 750mg/kg propolis.
A plot of lead concentration in blood versus time shows that
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lead concentrations increased over time with a correlation of
R?=0.85 as shown in Fig 3. In those given propolis with lead the
concentration of lead declined over time as shown in Fig. 4 as
reported by others [15-17].

In vivo study of rabbit blood samples have been searched by
electrochemical method using cyclic voltammetric technique
to find the effect of presence of lead ions in the blood samples
which received from injected rabbit with Pb((II), other blood
samples were received from rabbit feeding with propolis after
injected with Pb(II) dose. Both samples were studied to find
the effect of oxidant reagent (lead ions) and antioxidant reagent
(propolis) on blood component. It was found the concentration
of lead ions in blood sample was increased against to period
week as shown in Table 1 and Fig. 3. A good sensitivity was
calculated from the relationship in the Fig. 3 is equal to 0.85.
On the other hand, the concentration of lead ions in blood
sample of feeding rabbit with propolis was decreased as shown
in Table 1 and Fig. 4. It means that omega compound was
affected on the lead ions in blood medium which act inhibition
of oxidative effect, so omega works to reduce lead action on the
blood components [18-20].

It can be said that any blood contaminated with lead
ions causes atrophy in the brain, this leads to symptoms of
Alzheimens disease in the adults or autism disease in children
[21-23]. But, it was found that propolis was stopped the
negative effective of lead ions especially in brain.
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Fig. 3. Lead (mg) in blood of rabbit (injected lead) against time (weeks)
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4. Conclusion

The study was included to find the effect of lead ions on the
brain of group of rabbits by electrochemical method, also to
prove the effect of propolis on the brain of contaminate rabbit
with lead ions, it was found the propolis acts as antioxidative
reagent which decrease and inhibited effect of lead on the brain
of rabbit, so we can said any contamination with lead ions was
treated with propolis to stop the oxidation effect of lead ions in
blood medium of rabbits.

It can be getting an important conclusion from this research
so as to the importance of the special theme of the new diseases
such as autism and Alzheimer. It has been studied the blood
samples from rabbits exposure to contamination to the lead
ions using electrochemical analysis by cyclic voltammetric
method, the results show high anodic current peak at 400 mV
for the Pb(II) in the blood samples and this peak was increased
against to increasing the dose of Pb(II) through nine weeks.
But the surprise in the results of the analysis for blood samples
which received from the rabbit injected with Pb(II) and feeding
with propolis that the oxidation current peak of lead ion was
reduced from 8.64 uA to 3.8 uA, this mean the concentration
of lead ions was reduced from 12.138 mg/L to 0.417 mg/L in
blood samples. Propolis is one of the most antioxidants acts to
inhibition the activity of Pb(II) in blood medium. So, it can be
said that some diseases causes by the contamination with lead
ions can be treated with propolis.
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