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1. Introduction

During fulfilling repairing and recovery work of the
locally destroyed concrete or reinforced concrete elements
of buildings and structures in the industrial and civil con-
struction [1], the need arises of developing low-viscosity
materials based on reactive monomer-oligomeric ingredi-
ents with high wetting and adhesive capacity to the dry
and moist concrete and increased combination of the defor-
mation-strength properties [2].

When creating polymeric composites, contemporary
construction materials science is oriented towards priority
application of the basic principles of “Green Chemistry”[3].
These principles allow designing materials and making a
selection of the optimal parameters of the technological

process of creating multicomponent polymeric composites of
low viscosity at a fundamentally new technical level. In this
case the targeted formation of a rational topological struc-
ture of the system is carried out at the micro-, meso- and
macro structural levels of its organization.

The determining role in this process belongs to the
concept, which combines technological efficiency of the
process of obtaining a polymeric material, ecological safe-
ty in the operation of construction elements with a poly-
meric component and economic expediency of applying
designed materials.

Therefore, the development and research into polymeric
systems of low viscosity for the construction industry is an
actual task and is a promising trend in the materials science
of construction composite materials.




2. Analysis of scientific literature and the problem statement

During formation of an optimal structure of a polymeric
material, of crucial importance are those parameters, which
characterize reactivity of monomer-oligomeric reactive sys-
tems in the process of their chemical structuring.

The application of “Green Chemistry” principles at cre-
ating polymeric composites of low viscosity for construction
purposes is a topical trend in the development of contem-
porary materials science [4], which is implemented in the
special areas of production [5].

The use of furan ingredients acquires special meaning,
obtained via hydrolysis out of the renewed plant products
containing pentosan, which are applied as the binders for
thermo resistant nanocomposites [6] in different spheres
of technological production, including polymer materials
science for the construction purposes [7]. The use of these
materials in the construction industry is due to their posi-
tive economic and ecological roles [8]. Special role is played
by furan compounds with multiple bonds [9], capable of
self-repair of structural defects [10]. Important function at
formation of the rational structure of a polymeric material is
played by the amine-containing structuring agents [11], in-
fluencing the nature of macromolecules of the cured reactive
oligomer [12].

In spite of a rather large quantity of the publications that
describe the application of furan-epoxy polymers in the con-
struction industry, in practice there is lack of system, reliable
experimental data about the set of deformation-strength,
adhesive, sorption properties of polymeric systems of low
viscosity, applied during the repairing and recovery work in
different segments of industrial and civil construction.

It is established that the low-viscosity materials on the
basis of furan-epoxy monomer-oligomeric systems, promis-
ing from the ecological, operational point of view, are not
studied fully at present. In particular this is true of such
aspects as the functional, structural-topological analysis
(within the framework of the theory of graphs) of the main
ingredients of reactive oligomer of low viscosity. There are
no data about the application of “Green Chemistry” prin-
ciples in the technology of formation of the composites for
construction purposes on the basis of furan-epoxy polymeric
materials. Existing experimental data about strength, adhe-
sive, sorption and other properties of furan-epoxy polymeric
materials with other molecular-kinetic parameters have
non-systemic, at times contradictory and incomplete nature.
Low-viscosity furan-epoxy polymers did not undergo any
sufficient research. Additional experimental studies of the
data of polymeric systems might contribute to the creation
of efficient composite materials to solve vital problems when
performing the repairing and recovery work in the construc-
tion industry.

3. The purpose and objectives of the study

There was certain interest in designing a material and to
research into the properties of furan-epoxy reactive oligo-
mers of low viscosity, structured by amine complex harden-
ers for the application as injection systems when performing
the repairing and recovery construction work.

To achieve the set goal, the following tasks were tackled:

—to carry out a selection of furan-epoxy polymeric
systems ingredients, optimal from ecological, operational

points of view, and of parameters of the technological pro-
cess of creating multicomponent polymeric materials of low
viscosity;

— to analyze reactivity of initial substances (monomers)
taking into account the factor of its influence on the struc-
ture of a polymeric material;

— to study a combination of physical-mechanical, adhe-
sive and sorption properties.

4. Materials and methods of the studies of furan-epoxy
monomer-oligomeric systems

As the objects of the study we selected furan: 3-butene-
2-oh-4 (2—furyl) — mono furfurylidene acetone MFA with
the gross formula CHO,, 1,5-bis(2-furyl) penta-1,4-
dien-3-oh — di-furfurylidene acetone DIFA with the gross
formula C,;H,,O,and the epoxy ingredients: diglycidyl
ether of bisphenol A — diphenylolpropane (DHEBA) with
the gross formula C,H,O, (it is produced by the in-
dustry under the mark ED-24, DER-330, Epikote 827,
Rutapox 0162, Epon—826, Epirez-510 and others), and
also a wide range of amine containing structuring agents:
ethylenediamine (EDA) with the gross formula C,H(N,,
diethylenetriamine (DETA) with the gross formula C,H;N.,
triethylenetetramine (TETA) with the gross formula
CsHN,, 1-[[(2 aminoethyl) amino]metil] phenol — (eth-
ylene diamine methylphenol) of the mark Agidol AF-2 by
the gross formula CyH,,N,O, mono cyanoethyl diethylene-
triamine of the mark UP-0633M — the condensation prod-
uct of nitrile of acrylic acid with DETA (type A) and TETA
(type B) with the corresponding gross formulas C,H; (N,
and CyH, N5, dicyano ethyl diethylenetriamine of the mark
UP-0633 with the gross formula C,H,,N,, 1,3-phenylene
diamine (m — phenylenediamine) — m-PDA with the gross
formula C;HgN,.

A mixture of MFA (=30 mass %), DIFA (=60 mass %)
and other furan ingredients is produced by chemical indus-
try under the brand “furfural acetone monomer FAM”,

The studied furan-epoxy reactive oligomer (RO) is the
product of a thermo mechanical combination of furfural
acetone monomer FAM and bisphenol epoxy oligomer
ED-24 in mass ratio 1:1. The temperature of mixing the
ingredients is —60 °C, the time is — 1,5 hours. RO desig-
nation: FAED-50(24).

The study of the combination of physical-mechanical,
adhesive-strength and sorption properties [13], as well as
other parameters of the designed furan-epoxy materials
[14] was carried out by the known laboratory standardized
procedures.

3. Results of the study of reactivity of monomers and
combination of the properties of furan-epoxy polymers

The analysis of molecular, topological structure and
reactivity of parent substances (monomers) makes it possi-
ble to purposefully form the rational structure of hardened
furan-epoxy reactive oligomer.

A molecular structure of the parent substances (mono-
mers), which participate in the synthesis of furan-epoxy
polymers can be described with the help of the connected
graph, whose apexes are the atoms of a monomer, and the
edges of the graph — bonds between these atoms.



In the case of simple acyclic graph without the multiple
edges-bonds, the quantity of edges T (chemical bonds) is de-
termined by the number of its apexes A, i. e., by the number
of atoms of all forms in the gross formula of the monomer in
accordance with the method [15]:

T=A-1. )

Since

A= iai, (2)
i=1

where a; is the number of atoms of i — form and n — is the
total number of atoms in the molecule of a monomer, then

i=n

T=Ya -1, 3)

which is characteristic for the maximally saturated molecu-
lar structure.

The quantity of valences in the molecule the monomer N
is possible to determine from the ratio:

N=Sa N, )
i=1

where N; — is the number of valences of the atoms of the
monomer i — form.

The total number of valences N,, participating in the
formation of one bond (edge) of the acyclic structure of the
monomer comprises:

N,=2T=2Ya -2 (6)
i=1
The quantity of “excess” valences N¢, not participating in
the formation of the maximally saturated molecular struc-
ture of the monomer, equals:

i=n

chiaiNi—(22ai—2)=iia‘(Ni—2)+2. )

This “excess” of valences characterizes formal unlimited-
ness (formal unsaturation) of the monomer f,, which, taking
into account the fact that it takes two valences to form one
bond, is evaluated according to the formula:

fu==t (8)

where f,=0,1,2,3...

The “excess” of valences in the molecule of a monomer
is used to form multiple (double, triple) bonds, unstable cy-
cles, which subsequently participate in the formation of an
inter-chain polymeric bond during the synthesis of furan-ep-
oxy high-molecular compound.

Molecular (structural) f,, and actual (realized) f; func-
tionality of the studied monomers was also analyzed.

Reactivity of the monomers of the studied furan-epoxy
systems is correlated well enough with the index of distri-
bution of electron density on the atoms of the molecule Jyim,
possessing the property of additivity and so for calculating
the index of the distribution of electron density of a mole-
cule, it is sufficient to sum up the indices of the atoms, which

form the molecule of the monomer [16].
ik

Jom = (z +a+ b)log2 (z +a+ b) - (Z - b); o = Z (Jnlm )i, ©))

i=

where z is the atomic number of the element, which concludes
the previous period of periodic system; a is the number of un-
paired electrons in the atom of an element; b is the number
of coupled electrons in the sublayers, populated in the given
period of the analyzed element; k is the number of atoms.

Table 1 represents certain parameters, which character-
ize structure and reactivity of the studied monomers.

Table 1
Structural-topological and the functionality of materials
Monomer A|T|N [No|N¢| Jum | fu|fm fs
MFA” 18 (17|46 |34 (12| 128 8 1;3,7,8
DIFA” 26|25 68150(18(203,59 15| 1;5;13;15
DHEBA 49148(116/96|20(313,5|10| 2 2
EDA 1211122122 0|542|0 |2 2
DETA 20(19(38(3810(928(0(3 2;3
TETA 28127 |54 (54| 0 |131,4]0 | 4 2; 4
Agidol AF-2" [26(25|58|50| 8 [152,7| 4 | 4 1;2;3; 4
UP-0633M-A"" |27 (26| 56 | 52| 4 [1429] 2 | 4 1;3;4
UP-0633M-B™" |35(34| 72 |68| 4 [181,5] 2|5 1;4;5
UP-0633""  [26]25|58 (50| 8 |154,4| 4 |5 35
m-PDA™ 16| 15]38 30| 8 |{100,2| 4 | 4 2; 4

Note: UP-0633M— A, UP-0633M— B mono cyanoethyl di-
ethylenetriamine of the marks A and B respectively; * — taking
into account double bonds and mobile atom of hydrogen in the
o —position of furan cycle; ** — mobile atoms of hydrogen in
o-and n-positions of aromatic ring were considered; *** — tak-
ing into account the bond C=N

The molecular graph of monomers is possible to repre-
sent both in the form of matrix (for example, the matrix of
distances or contiguity) or by topological index (in the work
we analyzed traditional Wiener index w).

For example, canonical numeration of atoms in the mo-
lecular graph of mono furfuriden acetone (MFA) takes the
form (Fig. 1):

7—2— 3-8 16
(. I
6—1 4-9-11-13—-15—-17

I
5 10 12 14 18

Fig. 1. Canonical numeration of atoms in the molecular graph
of mono furfuriden acetone (MFA): 1; 2; 3; 4; 9; 11; 13;
15 — carbon atoms, 6; 7; 8; 10; 12; 16; 17; 18 — hydrogen
atoms, 5; 14 — oxide atoms in the apexes of the graph

The traditional Wiener index W of the main components
of the furfural acetone monomer FAM — furfurylidene ace-
tones was determined by the formula [17] with regard to the
matrix of topological distances of the molecular graphs of
the furan monomers [18]:

i=N j=N

1
W=522Dij’

i=1 j=t

(10)

where Dij is the i-th j-th element of the matrix of distances
of the graph of molecule MFA (Table 2) or DIFA, which
shows the shortest distance between the apexes i and j in the
molecular graph of the monomer G.



Traditional topological Wiener indices for MFA and
DIFA comprise 18 and 27, respectively.
Table 2

Matrix of topological distances of the graph D(G) of the
molecule MFA

11213456789 |10{11(12]|13[14|15|16{17|18
110(1 221 |1[2|3|3|4|4|5[5|6[6[|7|7|7
201(0|1(2(3|2(1|2[3[|4|4[5|5|6|6|7|7|7
312(1]|0(1(2]|3[2|1[2]3|3[4|4|5|5|6|6|6
4122|1013 [3|2[1]2|2[3|3[|4|4|5|5]|5
501(2]|2(1(0]|2[3|3[2[3|3[4|4|5|5|6|6|6
6(1(23]|3[2[0[|3|5(4|5|5|6[|6|7|7[8|8]|8
7121112353 |0|3[4]|5|5|6[6|7|7[8|8]|8
813 (2|1(2(3|4[3|0[3[4|4[5|5|6|6|7|7|7
913321244301 ]|1]|2]|2|3[3|4|4]|4
10(4|14(3(2|3[5|5(4|1|0(2|3|3[|4]|4|5[5]|5
1114143235541 |2|0(1]|1]2]|2]|3|2]|2
125|154 (3|4(6|6[5(2|3|1|0]|2[3|3|4(4]|4
135|543 |4(6|6|5|2|3|1|2]|0(1]|1]|2(2]|2
14/6 654 |5[7|7|6|3|4(|2|3]|1][0]|2]3[3]|3
15/6|6[5[4|5[7|7|6[3|4]|23|1][2(0|1[1][1
16/7|17(6|5|6(8|8|7|4|5|3|4]|2[3|1]|0(2]|2
17(71716|5|6(8|8|7|4|5|3|4]|2[3|1]2(0]2
18| 7(7(6|5(6[8|8|7|4|5|3|4[2|3]|1[2]2]|0

Note: the numeration of columns and lines corresponds to the
numbers of the apexes of the graph

The analysis of structure and functionality of the ingre-
dients of furan-epoxy materials made it possible to design
the variants of the compositions of the low-viscosity systems
of construction purposes (Table 3).

Composition of the designed furan-epoxy polymeric materials

(a, kJ/m?), the strength of adhesive interaction with a uniform
separation of adhesive systems “steel-steel” (o4, MPa),
“aluminum-aluminum” (6,,,,, MPa) and the uniform shear
of adhesive bonding “steel-steel” (7,,), MPa), relative
compressive strain with destruction (€, %), the degree of
uniformity of structure (K,), determined by the results of
the complete statistical analysis of the results of the strength
tests of models at bending (Table 4).

Table 4
Deformation-strength and adhesive properties of the materials
N:(E);;_Of Oy | O a, Oad(sy | Cad(ay | Tadshy | & | g
sition MPa| MPa | kJ/m? | MPa | MPa | MPa | % 0
1 75,6 | 124,2 2,6 25,6 | 24,5 | 12,3 (0,8] 0,78
2 77,3 1129,7 3,8 289 1292 | 12,8 (1,1| 0,80
3 78,2 1331 4,7 30,1 | 324 | 13,3 {1,2| 0,83
4 80,5 | 130,5 4,5 29,51 30,2 | 13,1 |1,0]| 0,82
5 82,3 1139,8 5,6 34,8 | 355 | 14,5 [1,4] 0,86
6 85,9 | 140,2 5,5 35,0 | 355 | 14,3 [1,3]| 0,84
7 92,1 |143,6 6,2 38,2 | 38,7 | 149 (1,1| 0,89
8 87,2 | 1359 6,0 33,1 | 342 | 14,1 {1,0 0,90
9 85,8 | 137,5 58 36,8 | 37,6 | 14,4 (1,2| 0,92
10 87,3 1134,3 6,0 359 | 36,5 | 14,7 |[1,4] 0,95
11 90,1 {1319 6,2 349 | 351 | 156 [1,0]| 0,93
12 84,8 1334 58 33,6 | 34,2 | 149 [0,9| 0,89

Kinetic curves of water absorption with a sufficient degree
of accuracy is described by the Fick’s law [19]. The experi-
mental curves of absorption, represented in the coordinates

M, /M., —Jtare characterized

Table 3 b « ”
y the presence of “plateau” —
reaching sorption equilibrium,

Material

Stoichiometric coefficient K,

which indicates the absence of

1. FAED-50(24)+EDA

structural changes (reconstruc-

tion of super molecular struc-

2. FAED-50(24)+DETA DETA: K. = 0,48 ture, a change in the conforma-
3. FAED-50(24)+TETA TETA: K. = 0,57 tional state of macromolecules
4. FAED-50(24)+ AF-2 AF-2: K. = 1,28 and others) in a furan-epoxy

5. FAED-50(24)+DETA+ UP-0633M-A

DETA: K. = 0,48; UP-0633M-A: K. = 0,92

polymer in the process of dif-

6. FAED-50(24)+DETA+ UP-0633M-B

DETA: K. = 0,48; UP-0633M-B: K. = 0,92

fusing water. Determining dif-
fusion coefficients D in differ-

7. FAED-50(24)+DETA+ UP—0633

DETA: K. = 0,48; UP-0633: K. = 1,62

ent sections of kinetic sorption

8. FAED-50(24)+DETA+ m-PDA

DETA K, = 0,48; m-PDA: K. = 0,62

curve (on the initial stage — at

9. FAED-50(24)+ AF-2 +UP-0633M—-A

AF-2: K. =1,28; UP-0633M-A: K. = 0,92

the value of Fourier criterion

10.FAED-50(24)+ AF-2 +UP-0633M—-B

AF-2: K. = 1,28;UP-0633M-B: K. = 0,92

Fo<0,1 and on the final stage

11. FAED-50(24)+ AF-2 +UP-0633

AF-2: K. = 1,28; UP-0633: K. = 1,62

of absorption at Fo>0,1) made
it possible to establish their

12, FAED-50(24)+ AF—2+ m—PDA

AF-2: K. =1,28; m—PDA: K. = 0,62

Note: the designation of hardener “Agidol AF-2” — AF-2

An important factor of the structured injection building
material is also the complex of deformation-strength, adhe-
sive characteristics.

They were experimentally determined for the designed
furan-epoxy polymeric materials: failure stress when bend-
ing (o,, MPa), compressing (6, MPa), impact resilience

equality within the limits of a
statistical error of experiment.
Therefore the coefficient of dif-
fusion D (mn?/s) was determined by gravimetric method on
the initial section of the curve of mass absorption on the work-
pieces, which have the form of parallelepiped with the size of
edges 2Ry =15-1072 m; 2Ry =1-10~2 m; 2R3 = 3-10 2 m.

The calculation of the coefficient of water diffusion into
the furan-epoxy material was conducted by the formula [20]:



od of passing of the front of moisture at the fixed thickness of
the sample — 0,01 m (7, year). As the simulation operational
medium we selected distilled water, the temperature of the
experiments 20+1 °C.

Estimated transit time of the front of moisture in the

furan-epoxy sample t_ at its fixed thickness l=(2),01 m was

w

evaluated according to the known formula: t = 16, allowing

for the fact that the motion of the front of moisture in the
workpiece is one-directional (Table 4). The thickness of the
sample made of furan-epoxy polymer in the simulation exper-
iment was selected based on practical considerations. With
the repairing and recovery works for strengthening concrete
and ferroconcrete elements of buildings and structures with
damage in the form of passive cracks, maximum width and
thickness of a crack opening is on average 3 mm while the
width and depth of a repairing groove with regard to the
most unfavorable operating conditions are located within
the interval of 2—18 mm. That is why an average thickness
of a monolithic polymer in the voids, cavities, vacuoles and
other structural defects of concrete or ferroconcrete materi-
als is, as a rule, 10 mm. The estimation of the parameters was
carried out with the forecasted decrease in the values of the
strength properties of furan-epoxy materials on average by
10-25 % during the operation period.

Under the actual conditions of operating the construction
elements, taking into account the construction-engineering
factors, T, increases on average by 50-70 %.

The essential characteristics of water resistance of the
designed materials are represented in Table 5 (an average
statistical error of the experiment did not exceed 2 %).

Table 5
Sorption properties of the studied furan-epoxy materials
Ng;fsg_‘)f W, [ Wiaw | D101, | P10, | S, T | T
sition % % m?/s | kg/m-s | kg/m? | year | year
1 0,23 2,1 4.85 1,22 25,2 1,09 | 6,53
2 0,21 1,85 | 4,78 1,06 222 1,12 6,63
3 0,18 1,6 4,15 0,80 19,2 1,33 | 7,64
4 0,09 0,8 1,55 0,15 9,6 3,31 | 20,46
5 0,19 1,75 | 4,64 0,97 21,0 1,11 6,83
6 0,17 1,65 | 4,51 0,89 19,8 1,22 | 7,03
7 0,20 1,8 4,75 1,03 21,6 1,12 | 6,76
8 0,22] 1,85 | 4,82 1,07 22,2 1,07 | 6,54
9 0,1 1085 | 1,82 0,19 10,2 2,92 | 17,42
10 0,121 0,95 | 2,08 0,24 11,4 2,51 | 15,24
11 0,14( 1,05 | 2,19 0,27 12,6 2,38 | 14,48
12 0,13 1,1 2,29 0,31 13,2 2,33 | 13,85

Note: during determining the time of reaching the sorption
equilibrium T, on the samples in the form of parallelepiped, the
moisture movement front passed simultaneously in six directions

6. Discussion of the results of the studies of the properties
of low-viscosity furan-epoxy polymeric systems

The analysis of obtained experimental data testifies to
the high potential of the designed furan-epoxy low-viscosity

injection polymeric materials, recommended for the use in
the repairing-recovery and renovation works in the con-
struction industry.

The average dynamic viscosity of the designed fu-
ran-epoxy systems on the initial stage of structuring (up to
0,5 hour) comprised 0,002-0,01 Pa-s, which characterizes
high level of the technological efficiency of the materials.

Stoichiometric ratio of the ingredients of reaction sys-
tem, operating requirements for its feasibility, and also desir-
ability to exclude the gradient of temperatures by the volume
of the structured furan-epoxy oligomer, led to the selection
of the temperature-time mode of the hardening: the tem-
perature is not higher than 30 °C, the time of gel formation
(gelatinization) — up to 2 hours, the time of reaching 80 % of
the maximum strength — not longer than 3 days.

The adhesion of the spectrum of the designed furan-ep-
oxy materials to the dry and moist concretes is within the
limits 10—12 MPa, the wear resistance is not higher than
0,01-0,03 g/g.

The analysis of the results of the study makes it possible
to draw a conclusion about the high level of the values of the
analyzed parameters [21] and technological acceptability of
the use of the materials of this type [22]. The main criteria
during the analysis were a degree of the conversion of reac-
tive oligomers, determined by the method of sol-gel analysis
(an average level of a gel fraction of the hardened products
amounts to 98 %) and the operational strength of the mate-
rial (the most sensitive parameter to the structural material
defects in volume and on the border of the phase division
“polymer-concrete” was strength at static bending). Statis-
tical error during experimental studies did not exceed 6 %.

Water (moisture) is the main physically aggressive com-
ponent of the environment, which influences buildings,
structures and construction objects under operating condi-
tions. That is why resistance to the action of moisture for the
designed furan-epoxy materials for construction purposes is
one of the main parameters of their workability and longevity.

The impact of water on the composites for construction
purposes varies by its nature.

Molecules of water, which diffuse into the designed
furan-epoxy polymer, contribute to reduction in intermo-
lecular interaction of macromolecules or their fragments,
producing a plasticizing effect. The side effect of plasticiza-
tion can be dissolution and removal of some ingredients of
high-molecular system (in furan-epoxides — of the residual
amine-containing structuring agents EDA, DETA, TETA,
AF-2 etc., catalysts of the polymerization of the furan com-
ponent — of aluminum chlorides, trivalent iron and others)
into the aqueous medium. In addition to this, the manifesta-
tion is possible of the complex of chemical, physical-chemical
processes of interaction of polymer with water (for example,
hydrolysis with the participation of the fragment of the macro-
molecule, which contains the bond —C=N-; interaction of the
molecules of water with the secondary hydroxyl group —-OH;
local clustering of the molecules of water and others).

Experimentally obtained data characterize rather high
level of the water resistance of the designed injection materials.

The sorption parameters can substantially change with
variations in the ambient temperature, as a result of the
processes of “aging” of furan-epoxy materials (for example,
occurrence of structural defects — cracks, shrinkage pores
etc., destructive chemical reactions with participation of wa-
ter, physical processes — “washing out” of the low-molecular



fractions of system and others). The rate of the processes of
“aging” of a furan-epoxy polymer at the analysis of depen-
dence “strength at static bending — reverse temperature” in
the range of temperatures 20—80 °C with a sufficient degree of
accuracy and reliability are approximated in the coordinates of
the Arrhenius equation by a straight line (statistical deviation
of experimental points from the averaged line is 3—10 %).

This is, as a rule, the main reason for the considerable and
irreversible reduction in the physical-mechanical properties
of the furan-epoxy polymers of construction purposes, and,
therefore, for significant decrease of the guaranteed period
of service of engineering products and systems, which con-
tain the given materials [23], accompanied by a significant
decrease in the level of other operational parameters of the
composite systems [24].

The frost resistance of the studied furan-epoxy polymers
comprises not less than 500 cycles.

A distinguishing feature of this research is the application
of the “Green Chemistry” principles: using monomer-oligomer
system out of the renewed sources of raw material, total ex-
clusion of organic solvents and diluents from the formula, high
degree of transformation of source material (monomers) into
end products (polymers) and others.

On the basis of performed computational-theoretical
and experimental studies of the combination of strength,
technological, sorption and other properties of furan-epoxy
polymers, and of estimated reactivity of parent substanc-
es (monomers), it is possible to develop a set of practical
low-viscosity reaction systems for the repairing and recovery
works in the construction industry with regard to certain
special features of performing this work. All ingredients of
the studied materials are industrially manufactured goods.

This study is the continuation of scientific designs with
the use of furan-epoxy reactive oligomers with different
molecular-topological parameters, used, for example, in the
gas and oil industry.

7. Conclusions

1. Technologically efficient initial ingredients (mono-
mers) were selected: furfuliden acetones, low-molec-
ular diglycidyl ethers, individual and binary (complex)
amine-containing structuring agents — for the low-viscosity

injection furan-epoxy polymeric materials with adjustable
functional parameters. The range of the optimal intervals
of structuring was defined: dynamic viscosity during the
first stage of consolidation 0,002—0,01 Pa-s, technologically
substantiated temperature-time mode of the structuring of
monomer-oligomeric reaction system — temperature is up
to 30 °C, the time of gel formation — up to 2 hours, the time
of reaching the degree of operational strength (80 % by the
maximum) — to 3 days.

2. The analysis of molecular, topological structure and
reactivity of initial reactive ingredients (monomers) dis-
played that the applied ingredients are characterized by the
high level of reactivity. The average level of implemented
functionality for furfurylidene acetones at the optimal pa-
rameters of the formation of furan-epoxy polymers compris-
es: — 6, diglycidyl ethers — 2, amine-containing structuring
agents — 3. The traditional topological Wiener index (for
example, for applied furfurylidene acetones of the designed
polymeric materials it comprises 18 and 27), which indicates
rather high level of volatility of reactivity and topological
parameters of parent substances during formation of the op-
timal structure of furan-epoxy low-viscosity polymeric ma-
terials. This becomes possible due to the use of the rational
formulation-technological composition of the furan-epoxy
polymer, recommended for using in the construction indus-
try, with the known molecular, topological parameters and
the characteristics of reactivity.

3. Deformation-strength, adhesive and sorption parame-
ters of the designed low-viscosity injection furan-epoxy sys-
tems are characterized by the high level of their properties:
strength at bending, compression, impact resilience are all
within the limits, respectively, 75,6—-90,1; 124,2—143,6 M Pa;
2,6-6,2 kJ/m?, bonding strength of different substrata at a
uniform separation on the average is 25,5-38,5 MPa; the
coefficient of water diffusion —1,55-4,78-10~'% of m2/s. The
proposed variants of the formulation compositions (4,9-12,
Table 3) of repairing and recovery polymeric materials make
it possible to reconstruct the destroyed elements of construc-
tion structures with high quality. To increase the duration
of their efficient operation. In this case, the average transit
time of the moisture front in the polymeric material (with
fixed thickness of 0,01 m), which indirectly characterizes
the operational reliability of polymeric composition system,
comprises 13,85-20,46 years.
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