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Abstract

Purpose: The purpose of this article is to determine the dependence of the rate of gel formation on the type of reagent-
inhibitor of the gel formation process, and to study the kinetic dependences of gel formation of silicate compositions in
the presence of compounds that regulate the rate of gel formation. Research methods: Direct and reverse titration,
potentiometric titration, pH-metry, determination of the dynamic viscosity on a rotational viscometer, axial
compression method to determine the elastic modulus were used to study the possibility of using chemical reagents as
gelation inhibitors. Results: The possibility of using inorganic and organic additives to slow down the gel formation
process and the effect of these additives on the strength of the gel, their thermodynamic parameters have been
researched. Discussion: The adding of organic acids into the silicate composition as "crosslinking agents™ slows down
the gel formation process, while replacing hydrochloric acid with other gel acids that slow down the gel formation
process does not lead to a decrease in the strength characteristics of these systems compared to the standard. It was
found that with an increase in the gelation time, the strength of the gels decreases, and the syneresis increases; the
adding of inhibitor additives insignificantly worsens the filterability of silicate compositions, which in general have bad
filterability, leading to an increase in resistance during filtration at the inlet section of the sample. Observations have
shown that the addition of additives-inhibitors does not affect the thermal stability of gels, regardless of the additives'
nature.

Keywords: gel formation, kinetics, oil extraction, reagent-inhibitor, silicate-gel composition, thermal stability,
filterability.

1. Introduction 2. Analysis of the latest investigations and
publications, problem statement

The efficiency of oil extraction from oil deposits
using modern, industrially developed methods is
considered unsatisfactory in all oil-producing
countries. Residual or non-extractable by industrial
methods oil reserves reach on average 55-75% of the
initial geological oil reserves in the bowels.
According to expert estimates, residual oil reserves
(100%) by types are quantitatively distributed as
follows [4]:

- oil remaining in low-permeability layers and
areas not covered by water — 27%;

Preliminary researches carried out by the authors
have shown that some inorganic and organic acids
are able to slow down significantly the gel formation
process in comparison with the standard silicate
system, where hydrochloric acid is used as a
"crosslinking " agent [1-3]. There are new data on
the selection of new inhibitor additives in this work,
as well as the results of studying the kinetic
dependences of gel formation and evaluation the
effect of additives on the physicochemical
characteristics of silicate compositions.

Copyright © 2021 National Aviation University
http://www.nau.edu.ua


mailto:olha.titova@npp.nau.edu.ua
mailto:zoia.hrushak@npp.nau.edu.ua
mailto:tetiana.kravchuk@npp.nau.edu.ua
mailto:e.valerij.ua@gmail.com
mailto:maksimariachumak@gmail.com

38 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2021. N2(87): 37-47

- oil in stagnant zones of homogeneous layers —
19%:;

- oil remaining in lenses and at impermeable
screens not drilled by wells — 24%;

- capillary-retained and film oil — 30%.

Capillary-retained and film oil remains in flooded
reservoirs due to their microheterogeneity and can
only be extracted as a result of the impact of various
physical and physicochemical processes and
phenomena.

Technologies aimed at blocking the washed
zones of the reservoir by using effective
waterproofing compositions are very actual
considering the fact that most of the deposits are at a
late stage of development and are characterized by
low well flow rates, a high degree of watering of the
extracted products. A significant number of such
compositions is known and there is a colossal
experience of their implementation in various
geological and physical conditions [5].

The use of gel-forming compositions to regulate
flows and filtration resistance in the bottomhole
zone and in the depth of the reservoir is one of the
promising methods of physicochemical action on the
reservoir in order to increase oil recovery.

Silicic acid releases when sodium silicate
interacts with acidic agents and it forms a sol, which
turns into a gel over time. Silicate gel has a spatial
structure in which silicic acid molecules are linked
by valence and hydrogen bonds, which determines
the strength of the gel, its formation in the entire
volume of the working solution and prevents the
precipitation of silicic acid as a separate phase.

The strength of the gel and the rate of its
formation depend on the concentration of the
components in the system, the temperature of the
deposit, water salinity and the contact time. The
increase of the rate of gel formation causes the
increase of its strength properties.

It is known gel forming composition of prof.
A.T. Gorbunov based on sodium silicate and acidic
reagent, which is successfully used to treat high-
temperature deposits [6]. A gel-forming composition
"Galka" based on soluble aluminum salts has
developed under the guidance of prof. L.K. Altunina
[7]. An aluminum hydroxide gel is formed in the
result of hydrolysis of carbamide or urotropine due
to change the pH of the medium.

Filtration studies have shown that the injection of
the Galka gel-forming composition reduces the
permeability by 4-100 times, and the degree of

mobility decrease increases with the increase in
permeability.

Interpolymer gel-forming composition based on
high modulus liquid glass and polymers under the
guidance of prof. S.V. Krupin [8]. It was proposed
gel-forming compositions based on acidic solutions
of nepheline and synthetic zeolite for use in deposits
with highly mineralized waters, which are suitable
for treating both injection and water-flooded
extraction wells.

Sediment-gel-forming compositions are widely
used to regulate the front of oil displacement from
heterogeneous deposits, the action of which is based
on the formation of gels and sediments in the result
of mixing of two layers of gel and sediment-forming
reagents inside the deposit [9].

Sediment-gel-forming compositions based on
liquid glass and calcium chloride or mineralized
water, sodium hydroxide and aluminum salts are the
most widespread. Water-soluble polymers (PAA is
the most effective) are added to the composition to
regulate the properties of precipitates and gels,
which imparts viscoelastic properties to the
precipitates [10].

There are a number of disadvantages of the
applied technologies based on sediment-gel-forming
compositions for waterproofing works. As a rule,
these are low stability of the compositions in the
reservoir medium, insignificant penetrating ability
into pore channels, high sensitivity to the salinity of
reservoir waters, temperature, reservoir type, lack of
effective technological methods for regulating the
processes of gelation of the composition, etc. [11].
In this regard, there is a need for the development of
new gel-forming compositions capable to create a
durable water isolation barrier, stable for a long
time, taking into account the peculiarities of specific
geological and physical conditions of the reservoir.

3. Purposes and problems of a research

To determine the dependence of the rate of gel
formation on the type of reagent. To study the
kinetic dependences of gel formation of silicate
compositions in the presence of compounds that
regulate the rate of gel formation.

4. Materials and methods of a research

Methods of direct and reverse titration were used to
determine the relative concentration of silicate in the
supernatant; pH-metry was used to control the
change in the pH of the silicate-gel composition
during the experiment. Sodium silicate solution (4
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mass %) is the research material; hydrochloric,
hydrofluoric, oxalic, and citric acids were used as
inhibitor reagents.

5. Research results

Replacement of the hydrochloric acid in
hydrofluoric leads to slower gel formation process.

Table 1 shows times of gel formation depending on
the concentration of hydrochloric and hydrofluoric
acids for a 4% silicate solution. The table 1 shows
that the gel formation rate is significantly slowed
down in the presence of hydrofluoric acid compared
to the standard system at the same pH values.

Table 1

Time of gel formation in 4% silicate solution in the presence of hydrochloric and hydrofluoric acids

Hydrochloric acid Hydrofluoric acid
Concentration | pH Time of gel Gel Concentration pH Time of gel Gel
of an acid, % formation, min. strength of an acid, % formation, min. strength
0.50 10.75 6240 Weak 0.20 10.59 9480 Str
0.60 10.63 1500 Mid 0.25 10.45 4620 Str
0.70 10.35 280 Mid 0.30 10.29 1920 Str
0.75 10.20 90 Str 0.40 9.89 165 Str
0.80 9.94 25 Str 0.50 8.53 2 Str
0.85 9.59 8 Str
0.90 9.40 2 Str
0.95 8.97 0,5 Str
Table 1 shows the “strength” column, which e

reflects a qualitative assessment of the strength of min

the resulting gels. This assessment carried out ® * 2

visually, but the consistency of the gel included \ '

conditionally three gradations - weak, medium and 5

strong gels. The same regularities are observed in a -

the presence of hydrofluoric acid as in the standard .

system - with an increase in pH and, accordingly, gel 2 o

formation time, the strength of the gel decreases. “

The use of oxalic and citric acids as "crosslinking ' »

agents" showed that, in the region of high pH values, o ‘

the rate of gel formation decreases by about an order » %5 205 a2 eH

of magnitude in comparison with the standard
system (Fig. 1 and Table 2).

Fig. 1. The influence of different acids on kinetics of gel
formation. The used acids are: 1 — citric acid; 2 — oxalic
acid; 3 — hydrochloric acid

Table 2
Time of gel formation in 4% silicate solution in the presence of citric and oxalic acids
Citric acid Oxalic acid
Concentration pH Time of gel Gel Concentration pH Time of gel Gel
of an acid, % formation, min. | strength | of an acid, % formation, min. | strength
0,70 10,69 79200 Weak 0.60 11.03 37440 Weak
0.80 10.63 50400 Weak 0.70 10.90 17280 Weak
1.00 10.60 31680 Mid 0.80 10.76 8340 Weak
1.10 10.55 25920 Str 0.85 10.65 5400 Weak
1.20 10.50 14400 Str 0.90 10.51 300 Mid
1.30 10.44 5580 Str 0.95 10.38 1920 Mid
1.40 10.35 2340 Str 1.00 10.28 540 Mid
1.50 10.38 660 Str 1.05 10.17 210 Str
1.10 9.94 70 Str
1.15 9.78 20 Str
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The technology can use not pure organic acid, but
its mixture with hydrochloric acid. Experiments
show that the gelation process proceeds more
smoothly in such systems than in standard solutions.

Table 3 and Fig. 2 show the data on the kinetics
of gel formation for a mixture of hydrochloric and
citric acids, at two fixed values of the HCI
concentration - 0.25 and 0.5%.

Two standard systems were used to study the
"strength properties":

1. 4% silicate with 0.6% HCI. This system has a
gel formation time of about 1 day, and the resulting
gel can be attributed to strong.

2. 4% silicate with an acid concentration of 0.5%.
This composition is characterized by the gel
formation time of 3 days, and the gel strength
corresponds to the term "weak"".

-

8,5 9 9,5 10 10,5 pH

Fig. 2. Kinetics of the formation of silicate gel an the
presence of a mixture of hydrochloric and citric acids.
Citric acid concentration in the mixture is: 1 — 0 (standard
system); 2 — 0,25 %; 3 — 0,50 %

Table 3

The combined influence of hydrochloric and citric acids on the kinetics of gel formation in
4% silicate solution

Concentration of Concentration of citric pH Time of gel formation, Gel strength
HCI, % acid, % min
0.25 0.70 10.57 4620 Weak
0.25 0.80 10.45 2820 Middle
0.25 0.90 10.35 1170 Middle
0.25 1.00 9.90 450 Strong
0.25 1.10 9.61 60 Strong
0.25 1.20 9.34 10 Strong
0.25 1.30 9.01 2 Strong
0.5 1.25 10.65 1900 Middle
0.5 0.50 10.30 255 Strong
0.6 0.25 9.94 345 Middle
0.75 0.25 9.23 5 Strong

Silicate compositions based on other acids were
selected so that the gel formation time in them was 1
and 3 days, respectively. The results are shown in
Table 4 and Fig. 3.
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Fig. 3. Dependence of the volumetric flow rate of water
on pressure gradient when filtration through the sample,
impregnated with silicate gel. Gels are based on of 4 %
silicate with the time of gel formation of 3 days.
Crosslinking agents are 1 — hydrochloric acid; 2 —
hydrofluoric acid; 3 — citric acid; 4 — oxalic acid

It is shown the dependence of volumetric water
flow on pressure gradient (some analogy of the
injectivity coefficient or the productivity coefficient).

Experiments on the study the effect of additives-
inhibitors on the rheological properties of silicate gels
were carried out in filled two-section models with a
length of each section of 11 cm and an area of 5.31
cm?. The sample permeability is 0.5 darcy in average.
A gel-forming composition was injected into the
model, kept for 3 days, and after the formation of the
gel, a desalinated water model containing 0.5 g/dm?®
NaCl was injected into the sample. The filtration rate
varied in the range of 0.5 - 11.7 m/day. It should be
noted right away that no significant effect of additives
such as sodium nitrate, potassium iodide, and thiourea
on the rheology of gels was found.

The results of studying the effect of additives of
inhibitors on the rheological properties of silicate gels
are shown in Table 5 and in
Fig. 4-5.
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Fig. 4. The influence of sodium nitrate on the rheology of
silicate gels. Two section model, permeability is
1.5 darcy. 1 — standard system, 1% section; 2 — sodium
nitrate content is 0,05%, 1% section; 3 — sodium nitrate
content is 0,05%, 2" section; 4 — standard system, 2"
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Fig. 5. The influence of potassium iodide on rheological
properties of silicate gels. Two section model,
permeability is 1.5 darcy. Potassium iodide concentration
in a mixture is 0.05 %. 1 — standard system, 1% section; 2
— standard system, 2" section;

3 —in the presence of potassium iodide, 1% section;

4 — in the presence of potassium iodide, 2" section

Table 4

section.

Dependence of the water flow rate on pressure gradient when filtering through the sample impregnated by gel.

Pressure
drop,
kg/cm?

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
13
1.4
1.5
1.6
1.7
1.8

Gels are based on 4 9% silicate and various acids

Weak gels Time of gel formation is Strong gels Time of gel formation is 1
3 days day
Water flow rate, cm3/min Water flow rate, cm3/min
HCI Citricacid = Oxalic = Hydrofluoric HCI Citricacid = Oxalic acid = Hydrofluoric
acid acid acid
5 1 1 1 1 1 1 1
18 3 5 4 5 1 2 2
30 6 7 6 10 4 3 25
40 8 9 13 14 6 4 35
70 12 12 24 18 8 7 6
110 17 16 32 26 10 10 8
120 23 22 48 34 20 14 13
160 32 27 58 48 26 16 16
- 38 42 66 58 34 18 20
- 45 50 72 70 40 20 25
- 56 60 78 85 48 25 28
- 80 75 106 105 50 28 32
- 90 90 132 - 65 32 34
- 102 100 154 - 72 38 38
- 122 114 165 - 82 40 45
- - - - - 90 50 50
- - - - - 108 58 52
- - - - - - 64 60
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Table 5

Influence of additives-inhibitors on the rheological properties of silicate gels. Two-section model,
permeability is 1.5 darcy, mixture volume is 0,5 Vpor

Ne Injected additive pH Resistance factor Rate of water Residual resistance factor
when uploading a mixture | filtration, m/day
Rl Rz Rl res R2 res
1 standard system 9.3 2.1 1.0 11.7 37 125
5.6 107 24
21 337 47
0.5 412 53
2 standard system 9.5 1.9 1.0 11.7 51 22
5.6 101 28
21 325 53
0.5 490 69
3 0.05% thiourea 9.3 2.8 1.0 11.7 30 2
5.6 77 6
21 125 9
0.5 231 14
4 0.05% thiourea 9.5 2.1 1.0 11.7 24 3
5.6 35 6
21 188 9
0.5 265 12
5 0.05% sodium 9.3 3.2 1.0 11.7 59 16
nitrate 5.6 79 35
21 162 124
0.5 189 135
6 0.05% sodium 9.5 2.8 1.0 11.7 60 11
nitrate 5.6 126 15
21 248 19
0.5 333 29
7 0.05% potassium 9.3 5.7 1.0 11.7 23 4
iodide 5.6 30 10
21 149 13
0.5 314 17
8 0.05% potassium 9.5 4.7 1.0 11.7 93 6
iodide 5.6 61 10
2.1 117 12
0.5 223 18
Filterability experiments were carried out on the E L.
same models as the rheology experiments. 2 >
10 Vpores Of the mixture of various composition were ®
injected into the sample at a constant rate of 5.3 s
m/day, and the resistance factor was calculated using .
the pressure change in both sections of the sample.
The results are shown in Table 6 and Fig. 6, from ‘ e,
which it can be seen that pure silicate compositions o L i de v

have poor filterability in general, leading to an
increase in resistance during filtration at the inlet
section of the sample. The addition of additives-
inhibitors insignificantly worsens the filterability of
the mixture.

Fig. 6. Dependence of the resistance factor on the volume
of injected mixture. Two section model, permeability is
1.5 darcy. 1 — mixture contains 0,05% NaNOs, 1% section;
2 — standard system, 1%t section;

3 — standard system, 2™ section; 4 — mixture contains
0,05% NaNOs, 2™ section
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Table 6
Influence of additives-inhibitors on the filterability of silicate compositions. Experiments on two-section models

Ne Injected additive The volume of the Filtration resistance factor by sections
uploaded mixture, Vpor R1 R2
1 standard system 1 1.9 11
2 2.6 1.4
3 35 1.6
4 4.3 1.7
5 5.0 1.7
6 5.7 1.7
7 6.5 1.7
8 7.2 1.7
9 8.2 1.7
10 8.6 1.7
2 0.05% thiourea 1 1.3 1.2
2 2.2 1.2
3 3.4 1.3
4 4.6 15
5 5.3 15
6 7.1 15
7 8.0 15
8 9.3 15
9 10.6 1.5
10 12.3 15
3 0.05% potassium iodide 1 15 1.0
2 2.1 1.2
3 3.7 1.7
4 5.1 1.9
5 7.5 1.9
6 8.4 1.9
7 9.3 1.9
8 10.1 1.9
9 12.0 2.0
10 14.2 2.0
4 0.05% sodium nitrate 1 1.0 1.0
2 2.5 1.0
3 2.7 1.0
4 2.8 1.0
5 3.8 1.0
6 4.5 1.2
7 5.8 1.2
8 6.6 1.2
9 8.8 1.2
10 11.6 1.2

The thermal stability of the gels was evaluated in
a porous medium. A gel forming composition was
pumped into a sample of 11 cm long and an area of
5.31 c¢cm?, containing a mixture of sand, clay and
carbonate (permeability was 1.5 darcy). The method
of non-stationary filtration from the pressure drop
curve was used for calculation the residual resistance

factor in the process of gel hardening (within 2
days). Then the sample holder was placed in an air
thermostat with a temperature of 70 = 1 ° C. Every
month, the value of the residual resistance factor was
estimated by the same method. The observation
results for 4 months are shown in Table 7 and Fig. 7.
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Table 7

The change in the residual resistance factor created by the silicate gel during storage at 70 °C. Gels are on the
basis of 4% silicate, pH = 9.5

Ne Additive- Rres Value at time of storage (month)
inhibitor 0 1 2 3 4

1 Sodium nitrate 232 559 526 588 512

2 Potassium 244 1162 909 833 794
iodide

3 Thiourea 29 143 112 156 134

In AP calculations. The same applies to the possibility of
0,5

0,45
0,4
0,35
0,3

3
0,25 2
0,2 4
5
0,15 *
0,1
0,05 * 1
0
0 1 2 3 4 5 Time, min

Fig. 7. Change of curves of pressure drop in the process
of storage of silicate gel based on 4 % silicate at
temperature 70 °C. Mixture contains 0,05% NaNO:s.
1 — after 4 hours; 2 — after 1 month; 3 — after 2 month;
4 — after 3 month; 5 — after 4 month

6. Discussion of results

The study of the influence of various organic fatty
acids on the gel formation process showed that an
increase in the length of the alkyl substituent in Ci-
C, acids, and, correspondently, its size, leads to an
increase in the rate of gel formation. Retention of the
same pattern in relation to inorganic acids should
mean that replacing hydrochloric acid with
hydrofluoric acid should slow down the gel
formation process.

The deceleration of the gel formation process in
the presence of hydrofluoric acid is especially
noticeable at high pH values, where gelation times
are measured in days (at a temperature of
23-25 °C).

The possibility of using hydrofluoric acid as a
"crosslinking” agent in technological processes is
ambiguous. On the one hand, an advantage is the
more flexible regulation of the gel formation process
by hydrofluoric acid and its lower consumption in
comparison with hydrochloric acid. On the other
hand, the higher cost of hydrofluoric acid and its
activity requires additional study of this question,
including experiments, mathematical and economic

using oxalic and citric acids, which have certain
advantages over hydrochloric acid. It should be
mentioned that the gel formation was noted after 4
and even 8 weeks under static conditions in the
presence of these compounds and these gels are
quite weak.

The syneresis proceeding of the formed gels was
observed in the process of studying the kinetics. It is
sufficient to restrict these observations to one
conclusion - with an increase in the gel formation
time, the strength of the gels decreases, and the
syneresis increases.

The term "strength properties” does not quite
accurately reflect the actual strength of the gels. The
permeability of the sample without gel impregnation
was approximately 20 darcy. This value was
determined by the method of estimating the water
flow rate as a function of the pressure gradient
during filtration through an artificially cemented
sample impregnated with a gel of a given
composition.

Table 4 represents experimental data on the
comparative assessment of the volumetric flow rate
(i.e. the ratio of flow rate to pressure gradient)
depending on the composition of the mixture in
comparison with standard systems.

These data show that replacing hydrochloric acid
with other acids that slow down the gel formation
process does not lead to a decrease in the strength
characteristics of these systems in comparison with
the standard one. Moreover, we can confidently say
that both inorganic hydrofluoric and organic oxalic
and citric acids cause the formation of stronger gels.
This conclusion is especially true in the case of the
formation of weak gels.

Figure 3 clearly shows that under these filtration
conditions, there is a deviation from Darcy's law. As
follows from this law, the ratio of the flow rate to
the pressure gradient should not depend on the
pressure gradient. In this case, for almost all
systems, the volumetric flow rate increases with an
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increase in the gradient. This phenomenon can be
explained by the existence of an initial pressure
gradient below which filtration does not occur. This
parameter is found in experiments on filled models
for silicate-polymer compositions. On the other
hand, a deviation from Darcy's law may be a
consequence of the rheology factor. In this case, it is
a pseudoplastic flow of water through a porous
medium treated with a gel.

Obtained data in the study of the effect of
additive-inhibitors on the rheological properties of
silicate gels (Table 5, Fig. 4, 5) show that the
dependence of the residual resistance factor on the
filtration rate for all systems follows similar
regularities, although the absolute values of Ry may
differ in 1.5 — 2.5 times. An exception is the system
containing potassium iodide, for which the
phenomena of dilatancy is charactarable in the inlet
section (Fig. 5). Most likely, the occuring of
rheology should largely depend on the presence of a
high molecular weight polymer additive in the
composition but not a low molecular weight.

The results of filterability of silicate solutions
containing additives-moderators (Table 6, Fig. 6)
showed that pure silicate compositions have poor
filterability in general, leading to an increase in
resistance during filtration at the inlet section of the
sample. The addition of additives-inhibitors
insignificantly worsens the filterability of the
composition.

Observations of the thermal stability of silicate
compositions showed that the stability of pure
silicate gels remains at a high level (Table 7, Fig. 7)
regardless of whether an inorganic additive is used
as an inhibitor or not. A definite exception is the
thiourea-containing system. The initial properties of
the gels are retained in the presence of this
compound; however, the absolute level of the
residual resistance factor is inferior t0 Rres for
mixtures of a different composition.

7. Conclusions

1. The addition of organic acids as "crosslinking
agents" slows down the gel formation process, while
replacing hydrochloric acid with other acids does not
lead to a decrease in the strength characteristics of
these systems in comparison with the standard.

2. The deceleration of the gel formation process
in the presence of hydrofluoric acid is especially
noticeable at high pH values, where gel formation
times are measured in days. In addition, both
inorganic hydrofluoric and organic oxalic and citric
acids cause the formation of stronger gels. This
conclusion is especially true in the case of the
formation of weak gels.

3. With an increase in the gel formation time, the
strength of the gels decreases and the syneresis
increases.

4. The addition of inhibitor additives
insignificantly worsens the filterability of silicate
mixtures, which in general have poor filterability,
leading to an increase in resistance during filtration
at the inlet section of the sample.

5. Observations have shown that the addition of
additives-inhibitors does not affect the thermal
stability of gels, regardless of the additives nature.
Observations of the thermal stability of silicate
compositions have shown that the stability of pure
silicate gels remains at a high level, regardless of
whether an inorganic inhibitor is used or not. The
thiourea system is a definite exception.
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Merta: MeTroro qaHOi CTaTTi € BU3HAYEHHS 3aJIE)KHOCTI IIBUAKOCTI TEICYTBOPEHHS BiJ THUITy PEarceHry-
CIOBUIBHIOBaYa MPOIECY TIeIICYyTBOPCHHS, a TaKOX JOCTI/DKEHHS KIHETHYHUX 3aKOHOMIpHOCTEH
reJICyTBOPCHHS CHIIIKATHUX KOMITO3UIIIH B IPUCYTHOCTI CIIOJYK, IO PETYIIOIOTh MIBUIKICTh eIy TBOPCHHSI.
Metonu pociaigxkennsi: /(s BH3HAUEHHS MOXKIMBOCTI BHUKOPHCTaHHS XIMIYHHUX pEareHTiB y SIKOCTI
CTOBUIBHIOBAYIB TEJICYTBOPEHHS 3aCTOCOBYBAIM HACTYIHI METOJAM JOCHIPKEHHA: TpsMe 1 oOepHeHe
TUTPYBaHHS, TOTEHIIOMETPUYHE TUTpyBaHHA, pH-MeTpiro, BHU3HA4YeHHS JUHAMIYHOI B'SI3KOCTI Ha
poTamifHOMy BICKO3MMETpi, METOJ[ OJHOBICHOTO CTHCHEHHS [UIA BH3HAYCHHS MOIYJNS TPYKHOCTI.
PesyabTarn: Jlochmi/pkeHO MOXIMBICTh BHKOPHCTaHHS HEOPTaHIYHWUX 1 OpraHiuHUX J00aBOK JUIs
YIOBUTGHEHHS TPOIeCY TeleyTBOPEHHS 1 BIUIMB IWX J00ABOK HA MIIHICTH TEN0, iX TEepPMOJMHAMIYHI
noka3HukH. [IpoBoMIUCS TOCTIKEHHS 3 BU3HAYCHHS BIUIUBY J100aBOK-CITOBUTFHIOBAYIB HA (QiIBTPYEMICTh
1 CHHEpEe3UC KOMIIO3uIliK y craHi reno. O0roBopeHHsi: BBeeHHS y CHIIIKATHY KOMIIO3UIIIO J0JaTKOBO
OpraHiYHUX KUCJIOT B SKOCTI «3IIMBAIOYHMX areHTIBY» YIIOBUIHHIOE MPOIIEC TeJICyTBOPEHHS, IIPU IIbOMY 3aMiHa
COJITHOT KUCJIOTH Ha 1HINI KUCJIOTH, HE MPUBOJIUTH 10 3MEHIICHHS MII[HOCTI IIUX CHUCTEM Y IMOPIBHSHHI 31
CTaH/IapTHOIO. BcTaHOBNEHO, MO 3i 30UTBIIEHHSM Yacy TrelICyTBOPEHHS MIIHICTHh TeJiB 3MEHIIYEThCS, a
CUHepe3nc 30UTBIIYEThCS;, BBEICHHS H00aBOK-CIIOBLUIbHIOBAUIiB HE3HAYHUM YHMHOM TOTipIIye (QiTbTPyEMiCTh
CHJIIKATHUX KOMITO3HIIIH, SIKI B IIJIOMY XapaKTePH3YIOThCSI MOTaHOK (iIbTPali€lo, MO MPUBOAUTH IO
3pocTaHHs Omopy Mix 4ac QimpTpamii Ha BXimHINA AUSHII KepHA. CriocTepeskeHHs TOKa3ald, 1110 BBEJICHHS
J00aBOK-CIIOBIJIbHIOBAYIB HE TI03HAYAETHCS HA TEPMOCTAOIILHOCTI TelliB He3aJISKHO BiJl TPUPOIU T00ABOK.

KiouoBi cjioBa: reneyTBOpeHHs, KiHETHKA, HAQTOBHIOOYTOK, PEaKTUB-CIIOBUILHIOBAY, CHUIJIIKATHO-TEIEBA
KOMITO3HIIis, TEPMOCTAOUTBEHICTD, (DIITBTPYEMICTS.
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Henb: Llenpro maHHON CTAaThU SIBISETCS OIpENENeHNE 3aBUCHMOCTH CKOPOCTH TeieoOpa3oBaHHS OT THIIA
peareHTa-3aMeUIMTeNsl  Ipoliecca  resieo0pa3oBaHus, a  TAaKKE  UCCICNOBAHUE  KMHETHYECKHUX
3aKOHOMEPHOCTEH resieo0pa3oBaHus CUIIMKATHBIX KOMIIO3HLIMHI B IPUCYTCTBUH COCAMHEHHH, PETyIUPYIOLINX
CKOpOCTh TeneoOpa3oBaHus. MeToabl uccienoBanusi: [l onpeneneHuss BOSMOKHOCTH HCIIOIb30BAHUS
XUMHYECKHX PEareHTOB B KA4YeCTBE 3aMEUINTENEH TeneoOpa3oBaHHMS MPHUMEHSIIN CIETYIOIINE METOIbI
WCCIICIOBaHUS: TPSIMOE W OOpaTHOEe THUTPOBaHME, IOTEHIMOMETPUYECKOe THUTpoBaHue, pH-merpuio,
OIpeaACICHUEC ZII/IHaMI/IT-IeCKOI‘/'I BA3KOCTU Ha POTAMOHHOM BUCKO3MMETPE, METOA OAHOOCHOI'O CXKaTud IJIA
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ompenenenus Momynst  ympyroctu. Pedyabrarbl: MccnemoBaHa = BO3MOXKHOCTD — MCTIOJNB30BAHUS
HEOPTaHMYCCKUX U OPTaHMYCCKUX J00aBOK JIJIS 3aMEUICHUs IMpolecca reyicoOpa3oBaHus W BIHUSHUE STHUX
MO00AaBOK Ha MPOYHOCTH TeMs, MX TEePMOAMHAMUYECKHe ToKa3arend. [IpoBomwimch WCClIenoBaHHUA TI0
OTIPENICIICHUIO BIIUSHUS J00aBOK-3aMeUIMTENICH Ha (PUIBTPYEMOCTh ¥ CHHEPE3UC KOMIIO3UIIUN B COCTOSTHUU
rens. OOcy:knenue: BBeneHne B CHIIMKATHYIO KOMIIO3HIIMIO JOIMONHUTENFHO OPTaHUYECKUX KHCIOT B
Ka4eCTBE «CIIMBAIOIINX AareHTOB» 3aMeUIsIeT IPOIECcC Teleo0pa3oBaHus, MPH OTOM 3aMeHa COJSHOU
KHCIIOTBI Ha Jpyrue KHCJIOTHI TeJeH, 3aMeIUISIIoIIUe MPOIECC Telneo0pa3oBaHus, HE NPUBOIUT K
YMEHBIIIEHUIO MMPOYHOCTHBIX XapaKTEPUCTHUK 3TUX CHUCTEM IO CPAaBHEHHWIO CO CTaHJApTHOW. YCTaHOBJIEHO,
YTO C YyBeJIMYEHHEM BPEMEHH Teieo0pa3oBaHMA TIPOYHOCTH Teled yMEHBIIAaeTcs, a CHHEepPe3nc
YBEJIIMYUBACTCS;, BBEJICHUE JO0ABOK-3aMEUIUTEIICH HE3HAYUTENBHO YXYAMAET (QUIBTPYEMOCTh CHITMKATHBIX
KOMITO3UIIMA, KOTOpPHIE B IIEJIOM OONagal0T IUIOXOH (MIBTPYEMOCTHIO, TPHUBOJAIICH K BO3PACTAHUIO
COTIPOTUBJICHHUS TPH (PUIBTPAIlMU HAa BXOJIHOM Y4YacTKe KepHa. HaOnromeHus mokas3alid, 4TO BBEJICHUC
J00aBOK-3aMEIITUTENICH HEe CKa3hIBACTCS HA TEPMOCTAOMILHOCTH T'eJIel HE3aBUCHUMO OT MTPHUPOJIBI JOOABOK.

KuroueBble ciioBa: reacoOpa3oBaHue, KUHETHKA, He(hTeA0ObIUa, peaKTHB-3aMEIINTEb, CUITMKATHO-TeIeBas
KOMITO3UIIHS, TEPMOCTAOUIBHOCTD, (PHUIILTPYEMOCTb.
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