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DISTRIBUTION OF PRIME NUMBERS. INVOLUTE NATURE OF PRIME NUMBERS. RIEMANN HYPOTHESIS

Section 1. Mathematics

https://doi.org/10.29013/AJT-22-3.4-3-10

Javadov Khaladdin,
Engineer of oil and gas industry
Baku, Azerbaijan

DISTRIBUTION OF PRIME NUMBERS. INVOLUTE NATURE
OF PRIME NUMBERS. RIEMANN HYPOTHESIS

Abstract

This manuscript is related to Prime numbers distribution, and I am not going to give an additional
information about Riemann Hypothesis and history behind of it. I will try to keep simple.

And yet, her main idea is that there is a certain pattern in the distribution of simple (i.e., divisible
only by 1 and by itself) numbers among natural (i.e. integers in general). This allows us to represent
any natural number in the form of a product of several factors, regardless of the value of this number.
In practice, this is used, for example, in computer data encryption, when the selection of factors
that make up some large natural number takes such a huge amount of time that it becomes, in fact,

impossible to solve the cipher.

Keywords: prime numbers, Riemann Hypothesis, pattern in the distribution of simple, computer

data encryption

Riemann Hypothesis from Wikipedia. 7 17 0.411765 2428571
We all know what the Prime Numbers are: 8 19 0.421053 2.375
2,3,5,7,11,13,17,19 ... ... and so 9 23 0.391304 2.555556
I have just put the Prime numbers on the parallel 10 | 29 0.344828 2.9
line with Natural Numbers, and we know what the 11 31 0.354839 2.818182
Natural numbers are: 12 | 37 0.324324 3.083333
1,2,3,4,5,6,7,8,9... and so and we can com- 13| 41 0.317073 3.153846
pare the natural and prime numbers. 14| 43 0.325581 3.071429
Table 1. 15| 47 0.319149 3.133333
1 2 0.5 2 16 53 0.301887 3.3125
2 3 0.666667 1.5 17 59 0.288136 3.470588
3 S 0.6 1.666667 18 61 0.295082 3.388889
4 7 0.571429 1.75 19 67 0.283582 3.526316
S 11 0.454545 2.2 20 71 0.28169 3.55
6 13 0.461538 2.166667 21 73 0.287671 3.47619




Section 1. Mathematics

221 79 0.278481 3.590909
23| 83 0.277108 3.608696
24| 89 0.269663 3.708333
25| 97 0.257732 3.88

The first column is the natural numbers, the second
column is the prime numbers, I just pulled 25 rows.

The 3" column is Prn/Nn, and 4% column is Nn/Pn.

So we can see from the table that Pn/Nn starts
with 0.5,0.66,0.51, ... ... and goes down to 0.25, and
Nn/Pn goes up starting from 2 to 3.88 accordingly
for 25 rows.

If we take the Pn 10000 (real Pn is 9973), so re-
lated Nn will be 1273

For Pn 100000 (real Pn number 99991), and
there 4459 Nn (between 50000 and 100000) ac-
cordingly.

For Pn 1000000(real number 999983), and there
3591 Nn (between 950000 and 1000000) accordingly.

Table 2.
Number of Prime Number of
numbers natural numbers

1000 168
1000 000 78498
1000 000000 50847 534
1000 000000 000 37607 912018
1000 000000 000000 29844 570422 669
1000 000000000000000 |24739954287740860

IfI continue dividing Pn to Nn, so Pn/Nn will

be following

168/1000=0.16 for 1000

For 1000000 Pn/Nn will be 0.078

For 1000000 000 Pn/Nn will be 0.05

For 1000000 000000 Pr/Nn will be equal to 0.037

For 1000 000000 000000 will be equal to 0.029

For 1000 000000 000000 000 Pn/Nn will be
equal 0.024 and then I used my own calculations
(some error and deviation is possible) and made the
following results:

For 1021 Pn/Nn will be equal

2.1088148460552 x
x 10*¥16/1000000000000000 000000=0.021

For 10 *33 Pn/Nn will be equal 0.012

For 10*42 Pn/Nn will be equal 0.010

For 10*S1 Pn/Nn will be equal to 0.008

For 10*90 Pn/Nn will be equal to 0.007

For 10*120 Pn/Nn will be equal to 0.002

For 10*180 Pn/Nn will be equal to 0.001

And for last my calculations 10*270 Pn/Nn will
be equal 0.0009

And for 101000 Pn/Nn will be equal Pn/Nn will
be equal to 0.0001.

As we see from calculations, when we increase
Pn and Nn, the relationship Pn/Nn seeks to zero (0)

We found the following statements here:

Every Prime Number is higher/bigger than the
Natural Number in his(it’s) row.

Prime number can be found form the table above:

Pn/Nn decreases during all axis, and seeks to
zero, which may mean the following:

Pn will get ahead the number of natural numbers,
so any Nn/Pn=0 for big natural and prime numbers.

This one doesn’t prove any relationship between
Prime and Natural Numbers.

Also, the following relationship is found during

calculations:
Table 3.
(Prime number divid-
Prime number ed by number of natu-
ral numbers against)
1000/168 5.9524
1000 000/78498 12.7392
1000 000000/50847534 |19.6665
1000000000000/
37607912018 26.5901
1000 000000 000000/
29844570422669 33.5069
1000000000000000000/
24739954287740860 404204

We here that, difference in all cases is equal to
6.92, apprto 7.

And for 10*21 it will be 47.34

For 10*24 it will be equal to 54.26
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For 10*27 it will be equal to 61.18 etc, this will
be helpful during finding the Prime Number against
the Natural Number:

Let’s make some graphics of this dependence:

Just for information, I used only first 50000 of
Prime Numbers, i.e. till 49999, and the Naturaal

4
35

3
2,5

15

0,5

number for this 5133. I tried to do calculations and
with the numbers around 100000 or higher, I expe-
rienced problem with excel and my PC.

On the pi.1 we see behavior of 2 lines -series 1 is
Natural Numbers, and series 2 prime numbers. We
see that lines are being retired from each other.
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Picture 2. Nn 1135/Pn 9157

On the (Pic. 2 )we clearly see how the Pn line goes
up, almost 9 times bigger than Nn. There is liner depen-
dence between Pn and Nn, which shows Nn/Pn =0,2222

But we see here that Natural Number line also
comes off from X axis. So It is difficult to say lines
are straight or curve.
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Let’s review the (Pic. 3), which also is built as a
relationship/dependence between Nn and Pn.

The red line (Prime Numbers) retires from Natu-
ral Number lines, and it is not liner, and look like as
graphic of the function Y= VX. It also proves that
Nn/Pn will seek to zero as well, and Pn numbers are
going to infinity.

So we found that Pn are bigger than Nn/Pn=0,
which proves that difference between Pn and Nn will
be increasing at biggest numbers as well.

We just need to prove how the Prime Numbers
are distributed, or how are being distributed in the
numbers row, in the numbers line. And now let’s
some time on the (Pic. 5)

This picture is taken from Wikipedia which de-
scribes the involute or Evolent.

Numbers B1, B2, B3 and etc. is the Prime Num-
bers location/allocation in the Number Systems.

And now let’s move Involute world of Prime
Numbers:

Please some statements from Wikipedia and/or
internet.

n mathematics, an involute (also known as an
evolvent) is a particular type of curve that is de-
pendent on another shape or curve. An involute of a
curve is the locus of a point on a piece of taut string
as the string is either unwrapped from or wrapped
around the curve [1].

It is a class of curves coming under the roulette
family of curves.

The evolute of an involute is the original curve.

The notions of the involute and evolute of a curve
were introduced by Christiaan Huygens in his work
titled Horologium oscillatorium sive de motu pendulo-
rum ad horologia aptato demonstrationes geometricae
(1673) [2].

There is a circle of diameter {\ display style d} d
centered at {\ displaystyle O} O. This circle is divid-
ed into twelve equal parts. At points 2, 3, 4, ... draw
tangents to the circle, directed in one direction. We
find the involute points based on the fact that when
the circle is expanded, the point {\ display style B

A {2}} {\ display style B  {2}} must be separated
from point 2 by a distance equal to the length of the
arc between points 1 and 2, and the point {\ display
style B~ {3}} B A {3} must be separated from point
3 by a distance equal to the length of the arc between
points 1 and 3 (two lengths of the previous arc), etc.

We obtain the exact position of the involute
points by plotting along the tangents the lengths
of the corresponding arcs. The length of the arc be-
tween points 1 and 2 is determined by the formula
a=p*d/m, a=3.14159XD/M where d is the diam-
eter of the circle, m is the number of parts into which
the circle is divided. Having received a number of
points of involute, we connect them with a smooth
line.In this case, the circle of diameter {\ displaystyle
d} d is an evolute to this involute.

If X =¢(¢), t €[t,t,] is the parametric representa-
tion of a regular curve in the plane with ist curvature
nowhere 0 and p(t)its curvature radius and 7(t) the
unit normal pointing to the curvature center, then

. E(t)=c(t)+p(t)ii(t)

Describes the evolute of given curve.

For ¢(t) = (x(t), y(t))" and E=(X,Y)" one gets

y'(1)-(x' (1) + y'(1)*)
x'(t)-y"(t)=x"(t)-y'(t)
x'(1)-(x'(@)" +y' (1))
X'(t)-y"(t)—x"(t) y'(t)

If we put natural numbers on the 1* circle, and

o X(t)=x()-

Y(1)= y(t)-

Prime numbers on the second circle, we can find the
relationship between these 2 numbers (natural and
prime).

On external circle I put natural numbers from 1
to 36. Natural numbers are blue colored. Red line is
Prime Numbers. Prime number against 36 is 151.

Let’s increase the numbers of Natural Numbers
and Prime numbers accordingly.

Pic. 6 is the same graphic with natural number
5133 and prime number 49999 accordingly.

Let’s look at attentively. Yes, that is an Involute.
Yes, Prime Numbers are being distributed as an in-
volute.

6
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Figure 4.

Blue lines are Natural Numbers and Red Lines
are Prime numbers. It shows the relationship be-
tween Nn and Pn. Prime numbers are being cre-
ated and distributed as an involute relatively to
Natural Numbers. That is low which is proved.

We can allocate them in different ways:

1) Natural numbers will be on axis X, and invo-
lute (also known as an Evolent) spiral will be on
parallel line to Natural Numbers.

2) Natural and Prime Numbers will be allocated
on 2 spirals with the different radiuses.

3) Spirals of Natural and Prime Numbers will be
on parallel spaces.

Involute also is known as a trajectory of rocket
(or any items), which leaves the Earth with 3 Es-
cape Velocity, more than 11.2 km/sec, and trajectory
is set as a Hyperbola, also Evolent, goes forward and
rotates, and never comes back.

But is another topic, which I am going to describe
on my next manuscript,

Table above shows involute for 10000.

— P 1 1

Pap2

Figure 5.

On this picture above we clearly see that the re-
lationship is being proved:
1-2
2-3

30-113
This shows Prime Number against Natural num-
ber for first 36 numbers, which is 151.
Tis table above shows for 75 Numbers of Natural
Number row. So, between figures S degree.
360/72=S degree.
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So above, we see different graphics of involute
(or evolute), which clearly shows that PRIME
NUMBERS ARE BEING DISTRIBUTED BY IN-
VOLUTE NATURE/FORM. SO, THERE IS A
PRIME NUMBER AGAINST EVERY NATURAL

NUMBER ON THE CURVE, IT IS NOT LINE,
IT IS A CURVE.

And below some slides/graphics which I used for
my calculations:

Picture of Prime Number distribution relatively
to Natural Numbers.
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Picture 11.

This picture clearly shows that red line (Prime Another statement.
Numbers) should be on space, and can’t be on plane, 2. The Riemann hypothesis There are so-
called prime numbers, for example, 2, 3, §, 7,
etc., which are divided only by themselves. How

9
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many of them are not known? Riemann believed I think that it is proven.

that this can be determined, and the regularity of Waiting for your comments and corrections.
their distribution can be found. Whoever finds  This graphic shows the relationship between Square
will also provide a cryptography service. Roots of Pn and Nn. Also not liner and can’t be on

Prime Numbers are distributedin accordance  plane.
to Involute nature/priciples.
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Picture 112.
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https://doi.org/10.29013/AJT-22-3.4-11-13
Shermatova G.D.,,

EshbakovaK.A.,

Narbutaeva D. A.,

Karakulova A. M.,
Institute of the Chemistry of Plant Substances
named after Acad. S. Yu. Yunusov AS of Uzbekistan

ANTIOXIDANT AND ANTIHYPOXIC ACTIVITY
OF EMODIN AND CHRYSOPHANOL

Abstract. The aim of this research is to study the biological activity of phenolic compounds of

Rumex pamiricus plant in Uzbekistan. Two known anthraquinone derivatives, chrysophanol and

emodin has beenisolated from the chloroform fraction extract of Rumex pamiricus roots. Chrysophanol

and emodin were tested in vitro for antioxidant and antihypoxic activity.

Keywords: in vitro, antioxidant, antihypoxic, anthraquinone, chrysophanol, emodin, Rumex

pamiricus Rech. f., Polygonaceae

1. Introduction

Herbal remedies play an important role in modern
medicine and it appears feasible that the compounds
from herbs can be helpful in prevention or treatment
of different diseases [ 1]. The interest of natural drugs
as adjunctive therapy for acute and chronic diseases
has grown significantly in the recent years [2]. The
phenolic compounds are of great importance in terms
of various biological activities in the research work in
this area. Phenolic compounds are probably the most
explored natural compounds due to their potential
health benefits as demonstrated in a number of stud-
ies. Continuing these studies, we began to study the
phenols of the plant Rumex pamiricus in order to iso-
late natural compounds from local plant raw materials
and study biological activity [3].

Plants of the genus Rumex L. (sorrel, dock) are
widely distributed in North America, Central and

Eastern Europe, Kazakhstan, the Far East and partly
in the Caucasia, Russia and East Asia [4; S; 6; 7].
This genus includes more than 250 species distrib-
uted worldwide. 16 species grow in Uzbekistan [ 3; 8;
9]. The herb Rumex pamiricus belongs to the family
of Polygonaceae, which is widespread in Central Asia
(Pamir-Alay, Tian Shan, Dzungarian Alatau), Kash-
garia. One of the most common types of Rumex in
Uzbekistan (Tashkent, Samarkand and Kashkadarya
regions) [2]. It grows along wet mountain meadows,
along the banks of mountain rivers and lakes. Peren-
nial herbaceous plant reaching 60-100 cm in height
(Figure 1) [3]. Since ancient times, concoction or
tea from various parts of this herb has been used in
folk medicine to treat diarrhea, dysentery, stercoral
ulcer, as appetizer, analeptic medicine for lever, heart,
as antihemorrhagic, to treat hepatitis, fever and other
diseases [2]. Plants belonging to the Polygonaceae are

11
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known to produce a large number of biologically im-
portant secondary metabolites, such as anthraqui-
nones, flavonoid glycosides, phenolic acids, naphtha-
lenes, stilbenoids, steroids and leucoanthocyanidins
[10]. Among wild plants, Rumex plants have a great
potential [3]. They are already widely used as food,
fodder, melliferous, and medicinal plants [6; 11; 12].

Figure 1. Rumex pamiricus Rech. f. Location:
Beldersay, Chimgan mountains (Ugam
Chatkal National Park), Tashkent region.
(Pictures author: G. D. Shermatova)

2. Experimental part

2.1. Antioxidant activity of emodin and chryso-
phanol

The antioxidant activity of the studied substanc-
es was determined by their effect on the intensity
of lipid peroxidation (LPO) processes, which was
assessed by the accumulation of malondialdehyde
(MDA) in in vitro experiments. The content of ma-
lonic dialdehyde (MDA) in experiments in vitro
was determined by color reaction with thiobarbi-
turic acid [209, p. 66-68]. LPO was induced with
10 uM FeSO4 in the presence of 200 pM ascor-
bate in a medium containing 145 mM KCl, 25 mM
Tris HCI, pH 7.4. All studied samples at a dose of
1*10-5 mg/ml were dissolved in 95% ethyl alcohol.
An oily solution of pharmacy vitamin E (10%) at a
concentration of 1¥10-5 mg/ml was used as a refer-
ence drug.

Antioxidant activity in vitro of the studied com-
pounds is presented in Table 1.

Table 1.- Antioxidant activity of emodin and chrysophanol

Compounds 107 g/ml
MDA (n/mol/mg) Effectin%
Control 0.98+1.25 -
Vitamin E 0.23+0.012 76.0
Emodin 0.56£0.010° 42.0
Chrysophanol 0.68+ 0.009° 31.0

Note: *statistically significant differences were noted compared with the corresponding control: at p<0.0S.

Discussion: As can be seen from the table, their
inhibitory effect on the processes of lipid peroxida-
tion in experiments in vitro was manifested in the
range of 31.0-76.0%. The antioxidant effect of the
two studied substances (emodin and chrysopha-
nol) was 42.0-31.0%. The reference drug vitamin E
(76.0%) has a more pronounced antioxidant activity.

2.2. Antihypoxic activity of emodin and chryso-
phanol

The antihypoxic activity of emodin and chryso-
phanol and the reference drug mildronate was stud-
ied on white mice of both sexes under normobaric
hypoxic hypoxia. Animals were placed in a hermetic
chamber 2 hours after drug administration. The re-
sults are presented in table 2.

Table 2.— Antihypoxic activity of emodin and chrysophanol

Compounds Dose, mg/kg Lifespan, min Effect,% P
1 2 3 4 S
Control - 16.3£0.58

12




ANTIOXIDANT AND ANTIHYPOXIC ACTIVITY OF EMODIN AND CHRYSOPHANOL

1 2 3 4 S
Emodin 50 mg/kg 20.3£0.67 24.5% p<0.1
Chrysophanol 50 mg/kg 21.7+1.02° 33.0% p>0.05
Mildronate 100 mg/kg 23.5+0.88* 44.0% p>0.05

Discussion: An analysis of the experimental data
presented in Table 2 indicates that, with a preliminary
single administration under conditions of acute normo-
baric hypoxic hypoxia, the studied substances to one
degree or another contribute to an increase in the lifes-
pan of animals. The most pronounced increase in life
expectancy under the influence of chrysophanol-33.0%
(21.7£1.02 min). A slightly less pronounced effect was
observed in emodin, its effect was 24.5% (20.3+0.67

min). Both compounds are inferior to mildronate in
antihypoxic action —44.0% (23.5 + 0.88).

3. Conclusion

1. Emodin and chrysophanol have moderate an-
tioxidant activity (42 and 31%, respectively) com-
pared to the reference drug vitamin E (76%).

2. Chrysophanol has antihypoxic activity (33%)
at the level of the almost control drug mildronate
(44%). Emodin showed moderate activity (24%).
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Abstract. The work highlights devices whose operation is based on taking into account the

connectivity of thermoelectroelastic fields. Sensors of various classes based on piezo- and pyroeftect

are considered. The designated areas of application of the considered measuring instruments and

calculation methods allow us to analyze the connectivity of temperature, electric and elastic fields.

Keywords: piezoelectric elements, thermoelectroelasticity, piezoceramic cylinder.

Currently, devices whose operation is based on
taking into account the connectivity of fields of dif-
ferent physical nature are widely used. At the same
time, the piezo- and pyroelectric effect based on the
coupling of thermoelectroelastic fields is used as the
basis for the operation of temperature sensors.

The scope of application of such sensors is very
wide in medicine. For example, cylindrical actuators
of reinforced type are used in microdosing devices,
in scanning microscopy, in microsurgical and ocular
operations for accurate instrument feeding.

Multilayer piezoactuators, which are used for in-
ternal combustion engines, are widely used in the
automotive industry, thereby ensuring the smooth
operation of the engine. A multilayer piezoelectric
actuator can be used to manufacture a generator that
converts mechanical forces into electrical signals.

Shell-less piezo-package actuators, manufactured
in the form of a disk or ring, are widely used in in-
dustry, in high-frequency positioning systems for

instrumentation, as well as optoelectronic systems
for monitoring and controlling technological pro-
cesses in microelectronics at the submicron level; in
manipulators of various robots, in optomechanical
devices for micro-displacements of the slide table
(control of gas analyzers-dosimeters) [1; 2].

The elements based on the piezoelectric effect
have high performance, are less susceptible to inter-
ference, and are technologically advanced in manu-
facturing. The use of piezoelectric materials in elec-
tronics makes it possible to reduce the geometric
characteristics of device elements and contributes
to the creation of efficient energy converters. The
use of pyroelectric elements allows you to measure
the temperature and analyze other characteristics of
devices and structures. The effects of temperature
stresses must be taken into account in the designs
of aerospace technology, for example, in solid-fuel
charges of rocket engines, which are thick-walled
hollow cylinders, etc. The pyroelectric effect belongs

14



THE SCOPE OF APPLICATION OF DEVICES WHOSE OPERATION IS BASED ON TAKING INTO ACCOUNT THE CONNECTIVITY OF THERMOELECTROELASTIC FIELDS

to a wide class of thermoelectric phenomena that
manifest themselves externally as the electrification
of dielectrics when their temperature changes. To
date, pyroelectric converters of various types, such
as thermal radiation detectors, chromatographic de-
tectors, anemometers, shock wave sensors, etc. are
used in industry.

Thermal imaging and thermography methods
are used to remotely measure the temperature of
objects [3]. Thermal imaging is based on determin-
ing the location of objects and recognizing their
shape (even in complete darkness), but without
taking into account temperature. Thermography
performs the functions of thermal imaging and pro-
vides quantitative radiometric measurements of the
temperature of this object. Therefore, the devices
used in industrial and medical diagnostics are di-
vided into two main classes: thermal imagers and
measuring thermographs. Thermal imagers (infra-
red cameras) are most often used as night vision de-
vices. For accurate diagnostics in engineering and
medicine, measuring thermographs are used, with
the help of which data of the thermal field of the
object is obtained. Thermal imaging devices help
to identify dangerous defects that show a violation
of the normal operation of the object by identifying
hot or cold places in the temperature field. Thermal
imaging is of great importance: in industry, medi-
cine, military equipment, transport, scientific re-
search and everyday life. Pyroelectric thermal imag-
ers are used in aerial photography of fires. Miniature
pyroelectric X-ray generators find applications in
radiography and radiation calibration.

Thermometric converters are used to measure
thermal parameters. These include pyroelectric tem-
perature meters (pyro-thermometers), heat capac-
ity and thermal conductivity meters (pyrocalorim-
eters), heat content and heat exchange meters with
the medium (catarometers, anemometers), etc. The
pyro-thermometer, depending on the circuit of its
inclusion, determines the temperature or the rate of
its change. Pyroelectric catharometers are used in

gas chromatographs to analyze gas mixtures by the
thermal conductivity of the components of the mix-
ture, pyroelectric anemometers are used to study the
features of the movement of liquid or gas media, in
particular, in metallurgy.

In modern practical medicine, respiratory param-
eter sensors are used, which are designed for non-
contact recording of the frequency and intensity of
breathing and understanding the state of the respira-
tory system, the operation of which is based on the
pyroelectric effect.

The development of space engineering contrib-
uted to the creation of pyroelectric shock wave sen-
sors that experience two thermal effects — convective
and radiation and mechanical effects, the exposure
time does not exceed 1 ms. Such pyroelectric sen-
sors provide simultaneous measurement of all types
of impacts with direct reproduction of the form of
convective and radiative heat flows.

Based on the above, it can be concluded that
applied research has led to the widespread practi-
cal use of pyroelectrics in many areas of modern
science and technology. Currently, these studies
are also continuing to develop quite actively. In
order to expand the functionality of devices of
this type, there is a need for an in-depth analysis
of non-stationary processes, which makes it pos-
sible to understand the effect of the interaction of
electric, temperature and elastic fields. To do this,
various theories are used that analyze this problem
with varying degrees of accuracy. At the same time,
as a rule, thin elastic systems are used as compu-
tational models of the structures under consid-
eration when performing kinematic hypotheses.
The task becomes significantly more complicated
when studying the construction of finite rigidity
in a three-dimensional formulation. In this case, a
system of non-conjugate differential equations is
formed, the integration of which is associated with
great mathematical difficulties, but only such an
approach allows us to fully take into account the
connectivity of electroelectroelastic fields [4].
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TECHNOLOGICAL ASPECTS OF THE PRODUCTION OF WHEAT BREAD
VARIETIES USING SPONTANEOUS FERMENTATION STARTERS

Abstract. The article substantiates the expediency of using in the production of bread to adjust
the baking properties of the main raw materials, improve the quality of finished products and pre-
vent microbial infection of the last natural bioadditives — starter cultures. The data of specialized
information sources on promising types of starter cultures are considered, the reasons limiting their
use in the baking industry are established. The expediency of using starter cultures of spontaneous
fermentation, especially for regions with a hot climate, is substantiated. The results of a study of the
biotechnological properties and composition of the microbiota of polystrain spontaneous fermenta-
tion starters (PSSB) are presented, using the example of pea-star anise starter culture traditionally
used in the preparation of Uzbek flatbread. It has been established that PZSB affect the state of the
main flour biopolymers, the intensity of their acid hydrolysis, the rheological properties of the dough,
and the quality of the finished product.

Keyword: bread, sourdough, microbial contamination, pea and star anise sourdough.

Introduction

The most ancient method of biological loosening
of the dough is the use of wheat, hop, wine, pea-star
anise, pea-anise and other starter cultures, the mi-
croflora of which developed spontaneously. But even
today, wheat sourdoughs are a means of increasing
acidity, intensifying the dough preparation process,
improving taste and aroma, preventing potato dis-
ease in bread and molding.

Satsaeva N.K. developed a technology for mak-
ing wheat bread resistant to microbial contamination
based on hop sourdough. The conditions for sour-

dough cultivation were optimized, the possibility of
stabilizing the microbiological composition of the
latter by using hop broth containing 90.8% isohu-
mulone and wheat bran was established.

The use of concentrated lactic acid starter (CLSC)
is recommended for enterprises with intermittent op-
eration, since this starter does not require forced cool-
ing or other preservation methods during non-working
hours. The preparation of KMCZ is carried out accord-
ing to the Leningrad scheme using liquid cultures of
lactic acid bacteria L. plantarum — 30, L. casei — 26, L.
brevis— 1, L. fermenti — 34 or dry lactobacterin (1-10).

17



Section 4. Food processing industry

Acidophilic starter consists of bacteria Lasido-
phillus-146 and yeast strain “Ryazanskiye-17” adapt-
ed to high temperatures (40...450 C) on the basis
of the Ryazan race. A high level of amino acids was
found in the starter: the content of lysine is 1585
mg/100 g, leucine — 1275 mg/100 g, valine — 510
mg/100 g. The use of this starter is effective for im-
proving the quality of products with strong gluten,
with accelerated dough preparation technologies
[10-15].

On the international market, Ernst Bocker
GmbH & Co. KG (Germany) offers a wide range of
both starter products and inactivated starter cultures
(paste-like, liquid and dry) ready for use. The com-
pany’s product range includes various inactivated
sourdoughs: Bocker Germe — dry sourdough for the
production of wheat and wheat-rye bread; “Bock-
er Direkt25” - liquid sourdough for wheat bread;
“Bocker Sprossenpaste Weizen” —a pasty sourdough
containing germinated wheat grains; “Bocker Well-
ness-Krauter” — pasty sourdough, which includes a
unique composition of herbs (ramson, basil, dande-
lion, nettle, violet, watercress, cornflower); “Bdcker
Kartoffelpaste” — pasty potato sourdough with po-
tato cubes [15-18].

The expediency of using various composite mix-
tures based on barley subjected to bioconversion in
the preparation of starter cultures has been estab-
lished. With this method of processing grain raw
materials, all pathogenic microflora is destroyed,
while the value of the product increases by 1.4 ...
1.8 times, unlike its analogue.

Lebedenko T.E. et al. carried out a comparative
assessment of methods for preparing dough from
wheat flour to ensure high quality of finished prod-
ucts, duration, laboriousness of the process, etc.,
the advantages and disadvantages of each of them,
as well as rational conditions of use.

The range of use of starter cultures is very wide,
but their biotechnological potential has not yet
been sufficiently studied. It should be noted that the
technology of breeding sourdoughs is complex; in

the breeding cycle, “pure” cultures of acid-forming
bacteria and yeast are needed, which is not always
possible in the conditions of bakeries in regions re-
mote from the center, as well as for small producers
of bakery products. In addition, in the conditions of
the hot climate of Uzbekistan, it is very difficult to
maintain the stable required technological param-
eters, and, consequently, the quality indicators of
starter cultures.

New prospects for the industry open up the pos-
sibility of using polystrain spontaneous fermentation
starters (hereinafter referred to as PZSB), which are
characterized by their availability and the absence of
the need to purchase "pure” cultures for the breed-
ing cycle. However, they are practically not used in
the production of mass varieties of bread due to the
production of products of reduced volume with in-
sufficiently loosened crumb.

As aresult, it is necessary to develop technologi-
cal solutions to stabilize the microbiological com-
position of this type of starter cultures in order to
obtain high-quality products.

Purpose of the study

The aim of the work was to study the microbio-
logical composition of PZSB and its effect on the
main flour biopolymers, dough properties and the
quality of bread from wheat flour of the 1st grade.

Objects of study: pea-star anise sourdough (here-
inafter GBZ), wheat bread.

Methods and materials

GBZ was prepared according to the recipe and
technological parameters presented in table 1 [12,
p.263-264].

Previously, a mixture of peas and star anise in
a ratio of 1.0:0.1 was poured into 1 liter of hot wa-
ter at a temperature of 80 + 20 ° C, sprinkled with
flour, then kept at a temperature of 30 + 10 ° C for
24 hours. in a ratio of 1:1.

The resulting starter was accumulated to the re-
quired amount by periodic refreshment, observing the
proportions of the recipe and technological param-
eters of the second phase of the breeding cycle. To
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prepare the nutritional mixture, wheat flour of the sec-
ond grade and water were mixed in a ratio of 1:2, the

enzyme preparation Amilorizin P10x was added inan
amount of 0.01% to the mass of flour in the mixture.

Table 1. — Consumption of raw materials and semi-finished products and the
mode of preparation of the starter culture in the breeding cycle

Name of raw materials, semi-finished products Breeding phase

and process indicators I 11
Peas peeled crushed 1.0 -
star anise 0.1 -
Wheat flour II grade - 10.0
Milk serum - 10.0
Water 1.0 10.0
Leaven - 2.1
Humidity,%, no more - 72.0...75.0
Initial temperature, °C 30 35...40
Acidity final, hail, no more - 18.0...22.0
Fermentation duration, h 24 8...12

The nutrient mixture was thoroughly mixed
with pre-sour starter, placed in a thermostat and in-
cubated at a temperature of 28 + 10C for 20 ... 24
hours until the final acidity was 22.0 deg. Then, every
12 hours, a selection of 50.0% of the finished starter
was made and a similar amount of the nutrient mix-
ture was added [19-23].

Titratable acidity was determined by titration with
a 0.1 mol/dm?® solution of sodium hydroxide, active
acidity was determined on a pH-meter brand pH-673;
the number of bacteria — in the Goryaev counting
chamber using a ZSM microscope (Poland); bacte-
rial activity — to restore methylene blue; species and
quantitative composition of the microflora — by phase-
contrast microscopy after preliminary incubation on
specialized agar media. A series of trial baking was car-
ried out according to the generally accepted method
according to GOST 27669-88 “Baking wheat flour.

Method of trial laboratory baking of bread. GBZ was
prepared according to the generally accepted method
[122, p. 263-264], wheat dough - by non-dough and
sponge methods. The mass fraction of sugar in semi-
finished products was determined by an accelerated
semi-micro method; the amount of gluten washed
from the dough — according to GOST 27839-88
“Wheat flour. Methods for determining the quantity
and quality of gluten, water-soluble proteins — by colo-
rimetric method. The quality of bread was analyzed for
compliance with the requirements of GOST 27842—
88 “Bread from wheat flour. Specifications” [24-30].

Results and discussion

We studied the traditional technology for the prep-
aration of GBZ, which belongs to the group of PZSB.
Every 24 hours for 8 days in the starter without renew-
al, the dynamics of changes in acidity, the composition
of microflora and its activity was determined (Table 2).

Table 2.- Quality indicators of starter cultures during spontaneous fermentation

The name of indica- | Values of indicators of the quality of the starter when diluted during, days

tors initial 1 2 3 4 R 6 7 8
Acidity, hail 1.6 10.0 12.6 15.0 17.5 17.0 22.0 26.8 324
pH 6.30 3.70 3.65 3.5 3.50 3.50 3.40 3.00 2.80
Quantity - 226 1329 | 2320 | 2385 | 2769 | 2851 | 2512 | 2192
acid-formingbacte- | |5 | g5 | 5o | 40 | 35 | ss | 60 | 75
ria, mln/g
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It was found that the studied starter culture
reached its optimal acidity on the 4th... Sth day. At
the same time, the bacteria were distinguished by
the best reducing activity (40-35 min), which then
naturally decreased.

Rod-shaped bacteria and yeast microorganisms
were found in the studied sourdough. At the same
time, bacteria of the Enterobacteriaceal R. family,
which belong to the natural microflora of flour, domi-
nated. As aresult of increasing the acidity of the starter
and lowering the pH value to 3.5...3.7, the rest of the
microflora weakened or was inhibited, the medium
became elective and acid-resistant, rod-shaped bac-
teria began to dominate in it. At the same time, the
number of gram-negative bacteria of the Enterobac-

teriaceal group decreased, and the number of gram-
positive rod-shaped bacteria belonging to the genus
Lactobacillus naturally increased. Simultaneously,
yeast cells began to multiply in the medium, which
at the beginning of the process were present only in
single copies. As the period of incubation of the starter
increased, a gradual death of yeast cells of both genera
was noted, so after 3 days the number of cells of the
cultural yeast race Saccharomyces dropped to 15.8 -
10¢, a Zygomycetes — to 3.4 - 10° cells in 1 g of sour-
dough [31-35].

The ratio of bacteria and yeast on days 1.3 and 5
of dilution was about 13:1,151:1 and 1025:1, respec-
tively. After 3 days, coccal forms of bacteria and mold
fungi began to develop in the sourdough (Table 3).

Table 3. — Species and quantitative composition of microorganisms in sourdough

Time incubation | Number of microorganisms (N x 10¢in 1 g of sourdough) in a nutrient medium
leaven, days MPA SA
Through 4 h 15.4 (baker’s yeast Sacch. cerevisiae) gi Ei?f;;i:sia;;zz;};czzg isiae)
. 16.0 (Sacch.cerevisiae) 18.0 (Sacch. cerevisiae)
10.0 (wild yeast Zygomycetes) 12.0 (Zygomycetes)
5 14.5 (Sacch. cerevisiae) 17.5 (Sacch. cerevisiae)
15.0 (Zygomycetes) 18.0 (Zygomycetes)
3 5.8 (coccal forms of bacteria Sarcina) 15.8 (Sacch. cerevisiae)
12.6 (Zygomycetes) 3.4 (Zygomycetes)
4 5.2 (Sarcina) 5.6 (Sacch. cerevisiae)
5.8 (Zygomycetes)
5 2.6 (Zygomycetes) 2.7 (Sacch. cerevisiae)
0.7 (Sarcina) 2.0 (Zygomycetes)
6 0.7 (Sarcina) 2.3 (Sacch. cerevisiae)
0.2 (mushrooms Aspergillus) 1.9 (Zygomycetes)

Further, the properties of the dough and the state
of the main biopolymers of wheat flour of the 1st
grade were investigated in variants without sour-
dough, on sourdough without yeast, on sourdough
and yeast. With a non-dough method of dough prep-
aration, 8.0% was added to the dough, and 4.0% of
sourdough was added to the prescription amount of
flour with a sponge method. Samples without yeast
and sourdough served as controls. The results of the
analyzes are given in (table 3).

Analysis of the data in Table 4 showed that after
3 hours of ripening, the residual amount of sugars
in the dough in variants with sourdough exceeded
similar values in the variants with yeast and yeast
with sourdough, respectively, by 1.4 ... 0.8 and 0.9
... 0, 5%. An increase in the duration of ripening of
semi-finished products in variants with sourdough
and yeast, even up to S hours, did not lead to de-
pletion of the mass fraction of sugars, moreover, in
these variants, their amount exceeded similar values

20



TECHNOLOGICAL ASPECTS OF THE PRODUCTION OF WHEAT BREAD VARIETIES USING SPONTANEOUS FERMENTATION STARTERS

in semi-finished products with yeastby 1.5 ... 0.9 ...
1.4% (rel.) - with the sponge dough method.

Conclusion

Thus, it was found that it is advisable to use the
biologically active mixture after three days. During
five days of cultivation, a variety of microflora was
preserved in the starter: cocci, rod-shaped bacte-
ria, yeast, mold fungi, etc. With longer cultivation,

acid-resistant rod-shaped bacteria began to domi-
nate. There was a process of displacement of the
original microflora of the spontaneously fermented
sourdough. Particularly effective is the joint use of
yeast and starter cultures in the sourdough dough
method, which will intensify the technological pro-
cess of making bread, reduce the pH of semi-finished
productsto 5.5 ...
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TECHNOLOGICAL SCHEME OF REFINING OF
COTTONSEED OIL PURIFIED FROM GOSSYPOL

Abstract. The article deals with the technological scheme of refining cottonseed oil purified from
gossypol. In the experiments, oil samples purified from gossypol containing monoethanolamine
(MEA) were refined in two stages using sodium hydroxide. According to the research, the optimal
temperature for the refining process was increased from 25 *C to 50-55 °C at the end of the process,
the concentration of the alkaline solution was 200 g/1, and the amount of water supplied to moisten
the soapstock was formed 0.5-1.0% by weight of oil. To completely purify the oil from gossypol and
its derivatives, urea solutions with a concentration of 20-25% in the amount of 0.3-0.7% are given
using capacity (Sa) instead of water supplied in the process of alkaline refining. The results of the
study showed that high gossypol cottonseed oil was treated with monoethanolamine in the amount
of 0.2% by weight of oil, as well as when treated with urea solution in the amount of 0.5% by weight
of oil for complete refining of gossypol refined oil, it has been found that positive results such as
obtaining oils containing gossypol content of up to 0.002% can be achieved.

Keywords: cottonseed oil, refining process, gossypol, purification of cottonseed oil from gos-
sypol, monoethanolamine, forrafination.

Introduction gimov and others managed to obtain gossypol ac-

Several scientists have researched the separation
of gossypol from the composition of cottonseed
oil with high gossypol. In particular, scientists of
the Institute of Bioorganic Chemistry named after
O.S Sodikov of the Academy of Sciences of the Re-
public of Uzbekistan U. A. Saidakhmedov, A. S. Ibra-

etate with a purity of 85% by processing acetylene
acetic acid in different proportions in the separation
of gossypol acetic acid [1; 2; 3].

In addition, methods have been developed in
which the anthranilate gossypol content is reduced
in processes compared to the conventional method,
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and the yield of the final finished product gossypol
is higher [2; 4; 5].

Research has also been conducted on the conver-
sion of gossypol in cottonseed oil from oil to shrot
by combining it with various components in cotton-
seed. In the research, the technology of low-gossypol
cotton shrot and lightly refined oil production by
hydrothermal treatment of cottonseed meal using a
solution of urea and sodium silicate was introduced.
Today it is used in 23 oil companies of the republic.

Processing of urea solution in cottonseed meal
is one of the patented scientific inventions of the In-
tellectual Property Agency for the invention of IAP
03125 “Method for obtaining lightly refined cotton-
seed oil and low-content gossypol” [4; 7; 9].

Materials and methods

The method proposed by us has been studied to
obtain high gossypol cottonseed oil by converting
gossypol to maximum oil by processing the seed
pulp using ultra-high frequency rays [5-9].

HOH,C-HC-N-CH OH
HO

HO CH,

CH,CHCH,

t-d

H,N—C —C—OH
H, H;

H,S0,

H-50,
0 ——

e

Studies have been carried out on the formation of
amonoethanolamine compound of gossypol in iso-
lated high gossypol cottonseed oil and its separation
with gossypol as a separate commodity by treatment
with sulfuric acid [10-17].

In the study, high-gossypol cotton oil with a
high gossypol content of 1.46-1.68%, obtained us-
ing ultra-high frequency processing, was forrafinated
by adding 0.2% monoethanolamine to its mass, fol-
lowed by complete refining with urea solution. a de-
crease in the amount of gossypol was observed until
traces were detected [ 18-21].

The processing of two fractions — ethanolamin-
gossipol and gossypol degreased oils — formed as a
result of the treatment of high-gossypol cotton oil
with monoethanolamine (MEA) requires the de-
velopment of two separate technological sequences.
The chemical reaction of high-gossypol cottonseed
oil treated with MEA and its separation from techni-
cal gossypol with sulfuric acid is as follows:

O=CH OH
HO
+ H,NCH,CH,OH
HO CH;

CH;CHCH;

[

HO—C—C—NH,S0H
Hy H,

Figure 1. The chemical reaction of separating gossypol from a derivative of gossypol with MEA

As can be seen from Figure 1, when the gossypol
product is treated with sulfuric acid, the acid initially
acts as a catalyst. Monoethanolamine is released by
accelerating the hydrolysis of the product under the
influence of water [21-25].

It then interacts with the separated MEA to form
the sulfuric acid salt of MEA and precipitates. The
following are the technological schemes for the sepa-
ration of technical gossypol from the combination of
gossypol with MEA and complete refining of gos-
sypol degreased oil using urea solution (Figure 2).

The pressed high gossypol cotton oil obtained by
ultra-high frequency processing falls into the tank (2).
From there, the pump (3) is transferred by its own flow
to the reactor (1) using a filter regulator (4). The capac-
ity of the reactor is 1000 kg of oil. The lower part of the
reactor is equipped with a stirrer and a coating to heat
the mixture and stir it for 50-60 rpm to proceed with
the forrafination process. The mixer is equipped with
an individual electric motor via a separate reducer.

Once the required amount of high gossypol cot-
ton oil has been loaded into the reactor, the mixer is
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switched to operating mode and water or steam is
supplied to heat or cool the oil (if necessary). The
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temperature of the oil is monitored using a ther-
mometer installed in the reactor.
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Figure 2. Technological scheme of processing and technical gossypol
separation of high gossypol cotton oil with MEA

Results and discussion

We know that in the traditional technology when
the periodic forrafination process is carried out pe-
riodically, the temperature of the oil starts at 20—
-25 “Cand ends at 50-55 °C. In traditional technol-
ogy, the refining process takes 20-25 minutes. In our

research, high gossypol cottonseed oil was refined in
a stepwise manner. During the study, forrafination
of high gossypol cottonseed oil was carried out at
different temperatures, and it was found that the op-
timal temperature for the maximum sedimentation

of gossypol is 45-50 °C. Studies have shown that
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treatment with MEA at a rate of 0.2% relative to the
oil mass is mainly effective.

The reactor (1) is treated with MEA through the
tank (S), pump (6) and regulator (7), calculated rel-
ative to the oil mass as mentioned above. The pro-
cessing and mixing time is 15-20 minutes. MEA is
gradually added to the high gossypol cotton oil with
constant stirring. After the addition of the required
amount of MEA, the reaction mixture is allowed to
stand for 1.5-3.0 hours. The liquid soapstock and oil
are separated into two phases at the bottom of the
reactor. Because the liquid is heavier than the soap-
stock mass, it collects at the bottom of the reactor,
while the oil collects in the top layer. Extreme care
must be taken in separating the phases of degassed
oil and liquid soapstock. The liquid collected at the
bottom of the reactor is collected in the soapstock
tank (9) through a valve and observation window
(8) designed to separate the soapstock. The degassed
oil is sent through the valves for complete refin-
ing. Partial emulsification is observed between the
soapstock and the decomposed oil, and the result-
ing emulsion is collected in a separate tank (10) and
returned to the refining process.

The MEA product (soapstock) of the gossypol col-
lected in the tank (9) is transferred to the reactor (13)
using a pump (12) in order to separate the gossypol
as a separate commodity. To return the compound of
gossypol formed from MEA to gossypol to the reactor
(13), the working sulfuric acid prepared for treatment
with 5% sulfuric acid is prepared in a tank (11) and
transferred to the reactor (13) by its own flow.

The soapstock collected in the tank (9) is trans-
ferred to the reactor (13) using a pump (12). The
disposable liquid soapstock load on the reactor (13)
is 245 kg. The reactor (13) is a mixer with a speed
of 50-60 rpm and the bottom part is covered with
a coating so that the reactor is heated or cooled if
necessary. A valve is installed at the bottom of the
reactor (13) to separate the reaction mass. In this
case, the pH of the interior of the reactor is checked
using a universal indicator and the environment is

controlled to be around 4.5-5.0. To separate the
technical gossypol, the reactor (13) is cooled to 20~
—25 °C using cold water. As a result of the cooling of
the reaction mixture, the technical gossypol rises to
the top layer of the mixture. The mixture is allowed
to stand for 1 hour to completely separate the techni-
cal gossypol in the reaction mixture. To separate the
technical gossypol, the sour water is first collected in
the tank (15) using a valve, controlled by means of
an observation window (14) mounted on the bot-
tom of the reactor (13). To separate the technical
gossypol from the intermediate emulsion contain-
ing gossypol residues, the nutch is passed through
a filter (16) and the gossypol residues are retained.
The remaining technical gossypol in the reactor (13)
is washed with water until it reaches a neutral point.
The leachate from the leaching is cleaned of gossy-
pol residues using a nutch filter (16) and sent to the
tank (15) for sour water. The sour water collected in
the tank (15) is neutralized with sodium alkali and
discharged into the sewer.

The technical gossypol residues trapped by the
Nutch filter (16) are returned to the reactor (13).
The technical gossypol, washed with water to a neu-
tral medium, is processed with extraction gasoline
to remove fatty acids and other water-insoluble raw
materials. In the reactor (13), the technical gossypol
in a neutral environment is supplied with extraction
gasoline using a tank (17) and a pump (18). The re-
actor (13) performs several functions simultaneous-
ly. This serves to avoid the use of redundant equip-
ment in the technological cycle and reduce the cost
of the product. The capacity of the reactor (13) was
245 kg for liquid soapstock and 50 kg for technical
gossypol. The reactor is treated with 210 kg of extrac-
tion gasoline in terms of oil mass and the process is
continued for 25-30 minutes. A mixture of techni-
cal gossypol and extraction gasoline is trapped in a
nutch-filter (19) containing technical gossypol. The
mistsella cleaned from the technical gossypol is sent
to distillation using a tank (20) and a pump (21).
Gasoline collected during distillation is returned to
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the process. Using technical gossypol hand cocktail  and dried for 10 hours at 50-60 °C using dry air in
collected in the Nutch filter (19), parchment paper  a vacuum dryer (23). The yield of technical gossy-
is spread on 3—4 cm thick sheets. Partially dried  polis 16.5-16.8 kg per 1000 kg of high gossypol oil.
technical gossypol of the same thickness is taken  The technological scheme of complete refining of
to the table (22) after one day for complete drying  degassed oil is given below.
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Figure 3. Technological scheme of refining oils purified from gossypol using urea solution

The oil purified from the gossypol (Fig. 4) falls  exchanger (3). Adjusting the temperature of the oil
into the weighing tank (1). The temperature is then  serves to ensure the optimal course of the refining pro-
adjusted to 20-25 °C using a pump (2) and a heat  cess and the complete purification of the accompany-
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ing substances in the oil. The adjusted oil is transferred
to the reactor-turbulizer (4). In the reactor-turbulizer
unit, the oil and alkali solution are intensively mixed.
The reactor turbulizer unit, on the other hand, is sup-
plied with a calculated amount of working alkali solu-
tion based on the acid number of the oil.

In the experiments, oil samples purified from gos-
sypol containing monoethanolamine were refined in
two stages using sodium hydroxide. According to the
research, the optimum temperature for the refining
process was increased from 25 “C to 50-55 °C at
the end of the process. The concentration of the al-
kaline solution was 200 g/1, and the amount of water
supplied to moisten the soapstock was 0.5-1.0% by
weight of oil. The refining process took 23-25 min-
utes. The working alkaline solution is continuously
transferred to the recuperator turbulizer using the
weighing tank (). A mixture of oil and alkali is fed
to the periodic neutralizer (6). To completely purify
the oil from gossypol and its derivatives, urea solu-
tions with a concentration of 20-25% in the amount
of 0.3-0.7% are given using capacity (Sa) instead of
water supplied in the process of alkaline refining. The
alkaline refined oil is transferred to the next stage of
refining using a pump (7). The soapstock collected at
the bottom of the neutralizers (6) is sent to the soap-
stock for processing using a tank (8) and a pump (9).

Conclusion

The results of the study showed that high gos-
sypol cottonseed oil was treated with 0.2% MEA of
oil mass, while gossypol oil was treated with 0.5%
urea solution for complete refining of gossypol re-
fined oil. it has been found that positive results can
be obtained, such as obtaining oil in the state.

The proposed technological scheme allows for the
simultaneous forrafination of high-hemp cotton oil
using MEA and the separation of technical hemp as a
separate commodity. The advantage of the proposed
technology is that the complete refining of oil refined
from forrafined gossypol using a urea solution does not
significantly change the existing technological process,
but the possibility of obtaining high-quality oil.

Acknowledgements

The authors acknowledge the immense help
received from the scholars whose articles are cited
and included in references to this manuscript. The
authors are also grateful to the authors/ editors/pub-
lishers of all those articles, journals and books from
where the literature for this article has been reviewed
and discussed.

The authors report no conflicts of interest.

The Source of funding is nil.

References:
1. Nazirov N. Science and cotton. Publishing house “Uzbekistan”.— Tashkent. 1977.— 276 p.

2. Markman A. L., Rzhekhin V. P. Gossypol and its derivatives. - Moscow: Food Industry, 1965.- 244 p.
3. Patent. Ne AP 03125-2006 y. A method of obtaining lightly refined cottonseed oil and shrot with a low

content of gossypol.

4. Julchiev A. B. Mehanizm poluchenija pressovogo vysokogossipol'nogo hlopkovogo masla sispol'zovaniem
SVCh-nagreva [ Mechanism for producing high-pressure cottonseed oil using microwave heating . Uni-
versum: Engineering Sciences,— 4 (49).2018.— P. 10-10. (in Russian).

S. Julchiev A.B. Jeksperimental'nye rezul’taty i optimizacija pererabotki hlopkovoj mjatki v SVCh-ustanovke.
Universum: tehnicheskie nauki, [ Experimental results and optimization of the processing of cottonseed
in a microwave unit],— 7-2 (76). 2020.— P. 46-50. (in Russian).

6. AdamsR., Geissman T.A., & Edwards J. D. Gossypol, a pigment of cottonseed.— 60(6). 1960.-P. 555-574.

7. Yulchiev A.B., Rakhmanov D. T., & Jamolov K. Sh. W. Influence of carbamide solution on the purification
of sunflower oil. Universum: Engineering Sciences,— 7-2(88).20213.— P. 7-41.

28



TECHNOLOGICAL SCHEME OF REFINING OF COTTONSEED OIL PURIFIED FROM GOSSYPOL

8. Sh.S. Research of changes in the quality indicators of bleached cottonseed oil and its products. Austrian
Journal of Technical and Natural Sciences,— (3-4).2019.- P. 16-19.

9. Yulchiev A.B., & Normatov A. M. (). Microwave installation for moisture-thermal treatment of cotton-
seed. Universum: Engineering Sciences,— 7-2(76). 2020.— P. 51-57.

10. Aslbek Y., Qamar S., & Abdugappor M. The operator model of high gossypol cotton oil extraction, func-
tional scheme of technical gossypol extraction and oil refining. Universum: xumust u 6uosorus,— 3-2
(93).2022.—- P. 42-47.

11. Lin H., Wedegaertner T. C., Mao X., Jing X., & Roa-Espinosa A. A method to refine crude cottonseed oil
using non-toxic polyamine-based cationic polymers. Chinese Journal of Chemical Engineering,— 23(2).
2015.-P. 379-383.

12. Yulchiev A. B., Abdurakhimov S.A., & Serkaev Q.P. (). Operator models of technology for producing
cottonseed oil with high content of gossypol using. European applied sciences,— (3).2015.- P. 77-79.

13. King W. H., & Thurber F. H. An improved procedure for the purification of gossypol. Journal of the
American Oil Chemists Society,— 30(2). 1953.— P. 70-74.

14. Yulchiev A. B. Influence of microwave treatment of cottonseed oil on the parameters of press oil and cake.
Fat and oil industry,— (3).2015.-P. 13-17.

1S. Lipstein B., & Bornstein S. Studies With Acidulated Cottonseed-Oil Soapstock: 2. Attempts to Reduce
its Gossypol Content. Poultry Science,~ 43(3). 1964.— P. 694-701.

16. Yulchiev A. B. Optimization of the process of obtaining high-grade cottonseed oil using microwave pro-
cessing of mint. Fat and oil industry,— (5). 2015.- P. 20-22.

17. Kim H. Isolation, purification and partial characterization of a gossypol related brown pigment from
cottonseed pigment glands (Doctoral dissertation, Oklahoma State University). 1966

18. Yulchiev A. B. Gossypol localization modification in the cotton mash during the process of microwave
manufacturing. Europaische Fachhochschule, - (9). 2018S. - P. 55-57.

19. Castillon L. E., Hall C. M., & Boatner C. H. Preparation of gossypol from cottonseed pigment glands.
Journal of the American Oil Chemists’ Society, — 25(7). 1948. — P. 233-236.

20. Yulchiev A. B. On the economic efficiency of the introduction of technology for obtaining high-pressure
cottonseed oil by microwave radiation. Volga Scientific Bulletin, — 7 (47). 2015. - P. 35-38.

21. Pons Jr. W. A., Berardi L. C., & Frampton V. L. Kinetic study of gossypol fixation in cottonseed oil. Journal
of the American Oil Chemists’ Society, — 36(8). 1959. — P. 337-339.

22. Aslbek Y., & Ibrokhim A. Problems and prospects of classification and certification of cottonseed oil
fractions on the nomenclature of goods of foreign economic activity in terms of chemical composition.
Universum: xumus u 6uosorus, —3-2 (93). 2022. — P. 38-41.

23. Bahtiyorbekovich Y. A., Abdurakhmanov A. S., & Pardayevich S. Q. The change of gossypol composi-
tion during the moisture heat processing of cottonseed cake by different methods. Austrian Journal of
Technical and Natural Sciences, —(1-2).2015. - P. 118-121.

24. Jia G.,Zhan'Y,, WuD., Meng Y., & Xu L. An improved ultrasound-assisted extraction process of gossypol
acetic acid from cottonseed soapstock. AIChE Journal, - 55(3). 2009. - P. 797-806.

2S. Yulchiev A.B., Abdurahimov S.A., & Serkaev K. P. Study of the method of hydrothermal treatment of
cottonseed with the use of microwave radiation. Chemical technology control and management, - (2),
2011. - P. 47-50.

29



Section 5. Technical sciences

Section 5. Technical sciences

https://doi.org/10.29013/AJT-22-3.4-30-34

Akhmedov Ulug Karimovich,
Doctor of Chemical Sciences, Professor
Institute of General and Inorganic Chemistry

of the Academy of Sciences of the Republic of Uzbekistan

Head of the laboratory “Surfactants”

Kurambaev Sherzod Raimberganovich,

Doctor of Technical Sciences, Urgench State University
Associate Professor of the Department of Food Technology

Bakhtiyarov Sardorbek Bakhtiyarovich,

PhD of Technical Sciences, Urgench State University

Senior Lecturer of the Department of Food Technology

OBTAINING COTTONSEED OIL THAT MEETS THE
REQUIREMENTS OF FOOD SAFETY OF THE POPULATION

Abstract. Access to sufficient, safe and nutritious vegetable oil-based food is essential to sustain

life and improve the health of the population. Adsorbents for the adsorption purification of vegetable

oils, in particular cottonseed oil, are brought to the oil and fat plants of Uzbekistan from abroad.

In order to obtain a highly effective adsorbent from natural kaolin Sultan-Uvays, the authors devel-

oped a technology for modifying kaolin, the resulting modified adsorbent was used in the adsorption

purification of cottonseed oil in miscella, and positive results were obtained in terms of the degree of

purification and yield of finished cottonseed oil.

Keywords: Safe, vegetable, natural, mineral, adsorbent, modification, degree, soapstock, organo-

leptic, physico-chemical.

Introduction

Obtaining cottonseed oil by extraction that
meets safety requirements is the most important
factor for maintaining life and improving the health
of the population. Unsafe vegetable oils containing
disease-causing concomitant substances or harmful
chemicals are the cause of many diseases.

Every year in low- and middle-income coun-
tries, the economic cost of lost productivity due to

employee illness and subsequent medical costs in-
creases.

Issues of food safety with vegetable oils and
food products based on them are inextricably
linked. Unsafe vegetable oils give rise to various
diseases when they are fed, which especially af-
fects all generations of the world’s population.
Foodborne diseases are an obstacle to social and
economic development.
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National businesses and agencies responsible for
ensuring food safety play a key role in ensuring that
every population can eat safe food. Through appro-
priate food safety regulations, in particular cotton-
seed oil, they can assist in the management of food
safety issues at all stages of the food chain.

Because proper processing, storage, and safety of
vegetable oils preserves their nutritional value, mini-
mizes spoilage, and ensures food safety.

Objective of work.

Adsorbents for the adsorption purification of
vegetable oils in oil and fat plants of Uzbekistan are
brought from abroad. In Uzbekistan, there are de-
posits of natural minerals that are rich in kaolin, ben-
tonite, flask and others. The natural mineral kaolin
Sultan-Uvays has not yet found its practical applica-
tion in the adsorption purification of cottonseed oil
[1,p. 183-184].
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The adsorption properties of natural Sultan-Uvays
kaolin in its natural form are low. To obtain a highly
effective adsorbent from natural kaolin Sultan-Uvays,
the authors developed a technology for modifying
kaolin. The resulting modified adsorbent from kaolin
was used in the adsorption purification of cottonseed
oil in miscella. At the same time, positive results were
obtained in terms of the degree of purification and the
yield of finished cottonseed oil [2, p 61-65].

Materials and methods.

To accomplish this task, the authors decided to
use the natural mineral kaolin Sultan-Uvays in the
adsorption purification of cottonseed oil. For the
adsorption purification of cottonseed oil in a mis-
cella obtained by the extraction method, a modified
adsorbent from natural kaolin Sultan-Uvays was ob-
tained, the technological scheme of which is given
in Drawing No. 1.

| 7

Drawing 1.

Drawing No. 1. Technological scheme for obtain-
ing a modified adsorbent from natural kaolin Sultan-
Uvays. 1.Natural kaolin Sultan-Uvays. 2. Chopper. 3.
Storage tank for whey from curdled milk. 4. Bake. S.
Chopper. 6. Separator. 7. Packing machine.

The technological processes for obtaining a
modified adsorbent are as follows: grinding of natu-
ral kaolin, adding filtered whey from curdled milk
to kaolin, followed by drying, grinding and sifting,
and packaging of the resulting modified adsorbent.

Also, the authors have developed an effective
technology for improving the refining and deodor-
ization of cottonseed oil obtained by the extraction
method, which is given in Drawing No. 2.

Drawing No. 2. Technological scheme for im-
proving the refining and deodorization of cotton-
seed oil obtained by the extraction method. 1. Tank
for miscella. 2. Bleach separator. 3. Filter press. 4.
Distiller. S. Deodorizer. 6.0il cooler. 7. Filter press.
8. Packing machine.

The technological processes for improving the re-
fining and deodorization of cottonseed oil obtained
by the extraction method are as follows: cottonseed
oil miscella receiving, adsorption purification by the
proposed modified adsorbent, oil filtering to sepa-
rate the adsorbent, alkaline refining, miscella distil-
lation, deodorization, oil cooling, filtering, container
packing of ready-made cottonseed oil that meets the
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requirements of the standard. In this improvement
technology, adsorption refining is applied to the 60%
concentration miscella instead of the traditional 35—
40% concentration miscella, to save time and energy,
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and increase productivity. During adsorption treat-
ment with the proposed modified adsorbent, the ad-
sorbentis introduced in an amount of up to 1-8% by
weight of the miscella.
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Drawing 2.

Results and discussions.
Using the technology for improving the refining
and deodorization of cottonseed oil, the authors de-

termined the color indices of the miscella before and
after adsorption purification with a modified adsor-
bent, the indices of which are given in Table No. 1.

Table 1.— Color indices of the miscella before and after
adsorption purification with a modified adsorbent

Color of the miscella before
Ne | adsorption purification,

The color of the miscella after
adsorption purification with a

The color of the miscella after
adsorption cleaning with the

red units modified adsorbent, red units control adsorbent, red units
1 Sample Ne 1.21 17 18
2 Sample N° 2. 32 28 30

According to (table 1), we can conclude that
the modified adsorbent and the control adsorbent
reduced the amount of coloring pigments of cot-
tonseed oil, which affects the decrease in the color
of cottonseed oil miscella samples. Table 1 shows
the average values of cotton miscella samples. The
modified adsorbent is introduced into the miscella
of cottonseed oil in an amount of 1-8% by weight of
the miscella until the required color of the oil is ob-
tained during the subsequent alkaline refining, since
the adsorption efficiency of the proposed modified

adsorbent affects the optimization of further alka-
line refining and distillation. Since the impact of the
external environment on cotton seeds during their
long-term storage affected the change in the quality
indicators of cottonseed oil, the proposed modified
adsorbent is introduced in an increased amount over
the course of the year [3, p. 93-96, 4, p. 51-52].

The authors determined the final indicators after
alkaline refining of cottonseed oil, which has under-
gone adsorption refining, the indicators of which are
given in (table 2).
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Table 2.- Indicators after alkaline refining of cottonseed oil purified by the proposed modified adsorbent

The name of indica-

Indicators of cotton-
seed oil not passed

Indicators of cotton-
seed oil not passed

Indicators of cottonseed
oil that passed adsorp-

tors adsorption purifica- | adsorption purifica- tion cleaning with a
tion tion control adsorbent
1 | Chromaticity, red
1 -
units at 35 yellow 0 - ?
2 | Soapsock quantity, % 5.2-8.5 1.8-3.6 3.4-7.2

According to the indicators of table No. 2, we can
conclude that adsorption cleaning with a modified
adsorbent had a positive effect on the further process
of alkaline refining. The color of cottonseed oil meets
the safety requirements, the amount of soap stock is
the smallest compared to other samples [S, p 45].

Organoleptic and physico-chemical parameters
of cottonseed oil obtained by the extraction method,
refined and deodorized by the proposed technology,
are given in (Tables 3 and 4).

Table 3.- Organoleptic characteristics of cottonseed oil obtained by the
extraction method, refined and deodorized by the proposed technology

The name of Indicators fo-r reﬁned,' deodorized Indicators of cottonseed oil obtained by
Ne indicators cottonseed oil of the highest grade, the proposed technology
norm according to GOST
1 |Smell Without smell Without smell
Taste no taste no taste
3 |Transparency Transparent Transparent

From (table 3), we can conclude that the use of

technology to improve the refining and deodorization

of cottonseed oil obtained by the extraction method
gave positive results in terms of organoleptic indicators.

Table 4.- Physical and chemical indicators of cottonseed oil obtained by the
extraction method, refined and deodorized by the proposed technology

Indicators for cottonseed | Oil indicators
N The name of indicators oil of the highest .grade, obtained by the
standard according to | proposed tech-
GOST nology
] Chromaticity, no more than red units, with 35 yel- S 4s
low units
2 |Acidity, mg KOH/gr, no more 0.2 0.15
3 |Moisture and volatile substances,%, no more 0.1 0.08
4 Mass fraction of non-fatty substances, (sediment by Absent Absent
mass)%, no more
S |Soap (quality indicators) Absent Absent
6 |Unsaponifiable substances,% no more 1.0 0.7
7 |Peroxide value, mmol/kg, 12 «O>, no more 10 4.5
8 |Flash point, °C no more Absent Absent
9 |Determination of solvent (gasoline) in oil Absent Absent
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From table No. 4 we can conclude that the use of
technology for improving the refining and deodor-
ization of cottonseed oil obtained by the extraction
method gave positive indicators in terms of the de-
gree of clarification and in all physicochemical pa-
rameters [6, p. 5-6].

Conclusion

The use of technology to improve the refin-
ing and deodorization of cottonseed oil obtained
by the extraction method gave positive results in
terms of organoleptic indicators, according to the
degree of clarification and according to all physi-
cal and chemical indicators to obtain cottonseed
oil that meets the requirements of food safety of

During the adsorption purification of cottonseed  the population.
oil in miscella, a modified adsorbent obtained from
natural kaolin Sultan-Uvays was used.
References:

1. Aripov E. A. Natural mineral sorbents, their activation and modification.— Tashkent, 1970.- P. 183-184.

2. Akhmedov A.N., Suvanova F. U,, Abdurahimov S. A., Pardaev G. E. Efficient technology for processing
low-grade cotton seeds. 2019 FAN.- Tashkent. From 61-65,— P. 76-83 p.

3. Usmanov B.S., Kadirov Z.Z., Ibragimov L. A. Methods for using high-frequency rays during long-term

storage of raw materials for the production of vegetable oils. Universum Technical sciences. From —2021.

- P.93-96.

4. Mustafaev S.K., Smychagin E. O. Prospects for the use of innovative technology for post-harvest seed
treatment in the production of vegetable oils. 13th International Conference “Fat and Oil Industry-2013”
Collection of conference materials. October 23-24.2013.—- P. 51-52.

S. Akhmedov A.N.,, Suvanova F. U. Improving the refining process of extracted cottonseed oil miscelles.
2021 g.2021/2 (42). Innovative technologies.— 45 p.

6. State standard of the Republic of Uzbekistan. Oz DSt 816: 2015. Refined cottonseed oil. Specifications.—

Tashkent. 2015.- P. 5-6.

34



FORMATION OF INVARIANTE QUILIBRIA IN MULTICOMPONENT SYSTEMS AND DETERMINATION OF SOLID PHASE CRYSTALLIZATION PATHWAY

https://doi.org/10.29013/AJT-22-3.4-35-43

Soliev L.,

Jumaev M. T,
Nizomov 1. M.,
Makhmadov Kh.R.,
Olimdzonova N.V,

Muzafarova D.V,,
Tajik State Pedagogical University
named after Sadriddin Aini, Dushanbe, Tajikistan

FORMATION OF INVARIANTE QUILIBRIA IN
MULTICOMPONENT SYSTEMS AND DETERMINATION
OF SOLID PHASE CRYSTALLIZATION PATHWAY

Abstract. The structure of a phase complex of the six-component mutual system of Na, K, Mg,
Ca||SO,, CI-H,0 at 50 °C in the anhydrite (CaSO,) crystallizationregion is studied by translation

method. The variants of the formation of invariantequilibria (invariantfields) at transition from

the five to the six component state and possibleways for solid phasecrystallization with anhydrite

(CaSO 4) participation are shown.

Keywords: multicomponent systems, translation methud, phase complex, geometric images.

Introduction

Laws, determining the structure of the phase
complex (phase equilibria) of multicomponent sys-
tems, are a theoretical basis for the creation of op-
timal processing conditions of polymineral natural
and complex technical raw materials. Experimental
establishment of the seregularitiesrequiresconsider-
able material and time costs. There are also problems
in displaying the establishedpatterns in the form of
state diagrams (phase equilibrium diagrams) of the
system using the geometricfigures of the real three-
dimensional space [ 1], identification of solid phases-
because of their diversity. The methodsdeveloped for
the study of multicomponentsystems [2 ] have limit-
edapplication. For example, the method of determin-
ingphaseassociations of “marine” system of Na, K,
Mg, Ca||SO,, CI-H,0 at 25 °C developed by the au-
thors [3-7], based on minimizing the Gibbs energy,
can satisfactorilydetermine the possible phase asso-
ciations in the four-component systems. When using

the method for five-and more component systems,
according to the authors, the resultsobtained will be
unreliable. In addition, it is impossible to construct
a phaseequilibrium diagram of the studiedsystem on
the basis of the obtaineddata.

Objects and methods
Kurnakovwrote N.S. the following about the na-
ture of diagrams of multicomponentsystems: “... any

diagram of multicomponentsystem can be considered
as formed from the diagram of systems with smaller
number of components, complicated by introduction
of new components or otherconditions of equilibrium,
and characteristicelements of more simple diagram
do not disappear, but only take anothergeometrical
image..." [8;9]. Ya. G. Goroshchenkohavingtheoret-
icallygrounded N. S. Kurnakov'sideas in addition to
the two known basicprinciples of physicochemicala-
nalysis (principles of correspondence and continuity)
proposed the third one, the principle of compatibil-
ity of geometricalimages of pi (n+1) component sys-
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tems in one diagram [10; 11]. Based on the principle
of compatibility we have developed the translation-
method [12] to predict the phaseequilibria in mul-
ticomponentsystemsfollowed by the construction of
their phase complex diagrams (phaseequilibria). The
translationmethod is recognized by specialists as one
of universal methods for investigations of multicom-
ponentsystems [2] and has beenextensivelytested
in the study of five-component and fragmented six-
component systems [13-19].

The experience of application of translation
method for investigation of fragments of six com-
ponent system Na, K, Mg, Ca||SO,, CI-H,0 [19]
has shown the different nature of geometricalimages-
formation in multicomponentsystems. For example,
the study of formationconditions of nonvariantequi-
libria in the five-component system of NaCl-KCl-
MgCl -CaCl-H,O at 25 °C [20] demonstrated that
increasing the component systempromotes the ap-
pearance of additional nonvariantpointformation,
which is accompanied by the formation of «qua-

sitots» havingdefinite size. The study of sylvinum-
fragmentmethod of six-component system of Na,
K, Mg, Ca||SO4, CI-H,O at 50 °C [21] has shown
that monovariantcurves can form both at translation
of nonvariantpoints of five-component systems to
six-component composition level and for binding of
nonvariantpoints at this component level.

Results and their discussion

In the presentpaper, we considered the pos-
siblevariants of the formation of diovariantfields
(diovariantequilibria) of the six-component system
Na, K, Mg, Ca|SO4, CI-H,O at 50 °C in the anhy-
drite (CaSO,) crystallization domain established by
translation. The six-component system under study
includes 6 five-component systems in 4 of which
anhydrite is an equilibriumphase at 50 °C. The list
and phasecomposition of precipitation of nonvari-
antpoints of the system Na, K, Mg, Ca||SO,, CI-H,0
at 50 °C in the area of crystallization of anhydrite
(CaSO,) which weretaken from [19; 22] are given
in (table 1).

Table 1.— Phase composition of the precipitation of the nonvariantpoints of the system
Na, K, Mg, Ca| |SO4, Cl-H,0 at 50 °C in the area of crystallization of anhydrite (CaSO,)

) ] Phase composition of Nonvariant Phase composition of
Nonvariant points TR . .
precipitation points deposits system
System Na SO -K SO,-MgSO,-CaSO -H O ES An+Ac+Cc+Lev
E® An+Ac+Pg+Sc E An+Ki+Lev+Sk
E > An+As+Gb+Gz E /S’ An+Ga+Ki+Lev
E ° An+Gz+Pg+Ps System K, Mg, Ca||SO,, CI-H O
EJS An+Gz+As+Pg E’° An+Pg+Ps+Ci
System Na, K, Ca||SO, CI-H.O E > An+Gf+Kr+Ci
E° An+Ga+Gb+Gz E/S An+Bi+Kr+Tx
E° An+Gz+Pg+Ci E > An+Gf+Tx+Ca-2
ES An+Ga+Gf+Ci E’ An+Ki+La+Cc
ES An+Ga+Gf+Ca-2 E/° An+Bi+Ki+Kr
E° An+Ga+Gz+Ci E ° An+Pg+La+Cr
System Na, Mg, Ca||SO, CI-H,O E ° An+Gf+Kr+Tx
EJS An+Ga+Bi+Tx E S An+Kai+Kr+Ci
EJS An+Ga+Tx+Ca-2 E S An+Kai+Ki+La
E > An+As+Ga+Lev E > An+Kai+Ki+Kr
E° An+As+Ga+Gb E_° An+Kai+Cn+Cy
E’ An+B+Ga+Ki E S’ An+Kai+La+Pg
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In (Table) 1 and below, E is the designation of
a nonvariantpoint, where its upper indexindicates
the multiplicity of the point (system component),
and the lowerindexindicates the ordinal number of
the point. For convenience, the ordinal numbers of
the points are preserved as in [19, 22]. The follow-
ing notation of the equilibrium solid phases is ac-
cepted [23, 24]: An - anhydrite (CaSO,); As — as-
trachanite (Na,SO ,-MgSO,-4H,0); Bi - bischofite
(MgCl-6H,0); Ga - halite (NaCl); Gb - glau-

berite (Na,SO,-CaSO,); Gz - glaserite (3K,SO,-
-Na,SO,); Gf - hydrophilite (KCI-CaCl,);
Kai - kainite (KCl-MgSO,-3H,0); Ki - kiser-
ite (MgSO,-H,0); Cr - carnallite (KCI-MgCl, -
~6H,0); La - langbeinite (K,SO,~2MgSO,); Lev -
leveite (Na,SO,-MgSO,-2,5H,0); Pg - polyhalite
(K,SO,-MgSO,-2CaSO,-2H,0); Ps — pentasolite
(K,SO,-5CaSO,-H,0); Si-sylvin (KCl); Sk - saky-
ite (MgSO,-6H,0); Tx — tachhydrite (2MgCl -
-CaCl,~12H,0); Ca-2 - CaCl,-2H,0.

En® Eys® Ep®
An+Ps An+Gz An+Gh ‘
Egz Es2® Es7 Esi® Ez15 —
An+5n
Em® Ez3® Egs® Ess An+Ga
E--'Iﬁ-sl E-1"rl:' ].-u--l-lll-I S
An+Hai An+Kr An+GF An+Ca.2
Egs’
An+Bi
An+Tx
Ez5 Eus®
Exs Esa® |£‘-’.+r'
An+Ki
Em® Ers® Esr* Esri— Esg®
An+La |
| An+Sk
En® An+Lev
An+Pg |
|
E.-lz Eauq— E‘:ﬁ-‘-r'
E1g Ew® Esi®
| An+As
Es® Eso® Esg?

Figure 1. Composition of the phase complex diagram of the 50 °C isotherm of the
system Na, K, Mg, Ca||SO,, CI-H,O at the five-component composition in the
anhydrite (CaSQ,) crystallizationregion, constructed by the translation method
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Drawingcorresponding (according to Gibbs
rule of phases) monovariantcurvesbetweenfive-
pointnonvariantpoints we obtain a phase com-
plex diagram of the system Na, K, Mg, Cal|SO,,
CI-H,O at 50 °C in the area of crystallization of
anhydrite (CaSO,) at five-component composi-
tion. Such diagram is shown in (Fig. 1) where the
five nonvariantpoints, monovariantcurves and di-
variantfieldscontaininganhydrite (CaSO,) as one
of equilibrium solid phases and mutual location of
thesegeometricalimages are shown.

As can be seen from (Fig. 1), the invariantfields
are contoured with different numbers of nonvariant-
points and monovariantcurves. Obviously, the greater
the number of nonvariantpoints and monovariant-
curvesinvolved in the contouring of the divariant-
fields, the more significant are the parts of the system
under study occupied by thesefields. For example, 10
nonvariantpoints and 10 monovariantcurves take part
in contouring of a diovariantfield with equilibrium
solid phases An+Ci (Fig. 1) and 7 nonvariantpoints
and 7 monovariantcurves take part in contouring of a
diovariantfield with equilibrium solid phases An+Ci:

Ess’Ant+Ga+Si  Es’ AntGat+Gz Ey’ Ant+Ga+Gb Es)® AntAs+Ga Esg’
An | An
+ +
Ga An+Ga Ga
+ +
Gf Lev

Esw® Ant+Gat+Ca2

Esw’AntGa+Gl Eg’An+Si+Ga Esi’An+Ga+Ki Esg®

E;;zﬁ.f'tn+Ps+Sn E_uj Ant+Gzt5i Ens An+Ga+Si E.I:T.j

An
+
Pg
+
Si

Eqy’ An+Kai+Si

This indicates that the first invariantfield in the
givenconditionsoccupies a largerpart of the system
than the secon dinvariant field.

An

+
An+Si Gf
+

Si

E+i*  An+ Kpr+ Si Ees’

The invariant fields with equilibrium solid
phasesAn+Ps, An+Gb and An+Ca.2 are contoured
by three five-valuednonvariantpoints and the same
number of monovariant curves:

Ei*Ant+Gz+Ps  Eg° Eii’AntAs+Gb Es)® Ey An+Ga+Ca2 Eg'
An An An
+ An+Ps + An+Gb + An+Ca2
Pg Gb Gf
+ + +
Ps Gz Ca2

Eg® An+Ps+Sn

This indicates that they separatelyoccupy a much
smallerpart of the investigatedsystem under the
givenconditions than the divariantfields with equi-
librium solid phasesAn+Ga and An+Si.

E.||5AI1+GE[+GI'} N

Eeo® AntTx+Ca2

At transition of system from a five-component lev-
el on a six-component level (for example, by addition
of the sixth component in any of four five-component
systemswhere one of equilibriumphases is anhydrite),
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transformation of geometricalimages of five-compo-
nent systems with their subsequenttranslation (trans-
fer) to a level of six-component compositionoccurs.
Further the translatedgeometricalimagesparticipate
in formation of elements of a structure diagram of
researchedsystem at a six-component level [19; 22].

Ezo®
E11 Eie® i E10
_ij. | E 106 Eg6 | ‘ﬁl’Edﬁ
A = | Al o
Eez® Esz® E4r® Eu® 51%
E75 E73® Ess® Eas®
4y 9 LIy
Eqgt Eis® E.¢
Es5 E4a’s Eqa®
N K
7 Es® L
Ege’ ‘Ii E¢f
Ez:5 0
Ei4® :
E7n® Egs5
| Ak
Ezs5 Ees"—f—Es45
= E1s° = B <5 e Ea:;?{_
E7s® Ezs5 Eer" - i -Es7% Esgf
g
E]';Iﬁ —
I [
E.6 E16 Eqz6
R o k=
— Es® - Ezp® Eses—

Figure 2. Structure of the combined diagram of the phase complex of the 50°C
isotherm at the level of five-six-component composition in the anhydrite

(CaSO0,) crystallization area by the translationmethod

In accordance with the principle of compatibil-
ity [10; 11], combining the geometrical images of
the five and six component levels of the system Na,
K, Mg, Ca|SO,, CI-H,O at 50 °C in the anhydrite
(CaSO,) crystallization area, we obtain its combined
diagram of the phase complex (Fig. 2).
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Such combined diagram of the phase complex
reflects the interrelation between all geometrical
images of the five- and six-component levels of the
system under study in the considered conditions.
For example, in (Fig. 2), the thin solid lines repre-
sent the monovariant curves of the five-component
composition level (they run between the five non-
variant points). The dotted lines are the monovari-
antlevel curves of the six-component composition.
They are formed by the translation of the five-not-
variant points to the level of the six-component
composition, and the arrow points to the direction
of translation. The bold solid lines are also mon-
ovariant curves of the six-component composition
level. They run between the six-component non-
variant points. The six-valued nonvariant points
are formed by interrupting (following Gibbs’ phase
rule) the monovariant level curves of the six-com-
ponent composition.

The analysis of the joint diagram of the system
Na, K, Mg, Ca| |SO4, Cl-H,O at 50°C in the anhy-
drite (CaSO 4) crystallisation range [19; 22] demon-
strates that it is characterised by the following num-
ber of geometricalpatterns at the five component (A)
and six component (B) compositions under given-
conditions (Table 2).

Table 2.— Number of geometricalpatterns of
the system Na, K, Mg, Ca||SO,, CI-H,0 at
50 °C in the area of crystallisation of anhydrite

(CaSO0,) at levels of five (A) and six (B)
componentsdetermined by method of translation

t
Geometricimages System C: mponen;s
Non-variant points 30 22
Monovariant curves 44 58
Divariant fields 18 47

The conditions for the formation of geometrici-
mages of the system under study in the given system
are discussed in detail in [19; 22]. In this paper, ac-
cording to the task, we will considerexamples of the
formation of the invariantfields (invariantequilibria)
and the possibility of determining the crystallization-

path of the solid phases by their structure. A more
detailedanalysis of constructedcombined diagram of
phasecomplexes of the system Na, K, Mg, Ca|SO p
Cl-H,0 at 50°C in anhydrite (CaSO,) crystallisation
area is considered in [ 19; 22].

The formation of diadivariantfields on the level of
six component composition is realized in two ways.
The first way is related to translation of the mon-
ovariantcurves of the five-component composition
level to the level of the six-component composition.
The secondway is related to contouring of the sys-
temsurface with six nonvariantpoints and monovari-
antcurvespassingbetween them.

The invariant fields formed by translation of the
monovariantcurves of the ﬁve-component composi-
tion level to the level of the six-component composi-
tion (Fig. 2) can be contoured by

a) Five-not-variantpoints — monovariantcurves-
formed by translation of five-not-variantpoints —
six-not-variantpointspassingbetween them. For in-
stance:

EqfS-----------sssssssed Eg8 P SN > E
-

An+GI+HSi

b) five-not-variantpoints — monovariantcurves-
passingbetweenthem — monovariantcurvesformed
by translation of five-not-variantpoints — six-not-
variantpoints — monovariantcurvespassingbetween
them. For example:

— A N T

TR Y

Ant+GetPg | An+Ga+Si

R g - P LS

Eis".

Analysis of the phase complex diagram of the
system Na, K, Mg, Ca||SO,, CI-H,0 at 50°C in the
anhydrite (CaSO,) crystallization region shows
that three (3) diwariant fields are for medalong the
secondpath and they have the following contours

(Fig.2):
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Eq1s® E4f E14®
An+Ga+Kr I
Eq7® Esf Es®

Principles of formation of geometricalimages, in par-
ticular of the invariantfields, have not only scientific-
theoretical value for understanding of regularitiesde-
terminingstructures of diagrams of multicomponent
chemical systems, but also are extremelyimportant
for the solution of practicalproblems, in particular
at establishment of possibleways of crystallization
of solid phases. For example, if a figurative point of
an anhydrite (CaSO,) fragmentcomposition of a
system under study at 50°C in the beginning of iso-
thermalevaporation is located on the invariantfield

E3f|
| -------------- B

| An+GetPs

Ei' ARGz PSS

then two options are possible (according to the
number of monovariantcurves of the six-component
composition level, which outline this field) further-
crystallizationpath: a) towardsmonovariantcurve
E  ~E°, uponreaching which Pg (polyhalite) crys-
tallizes as the fourthequilibrium solid phase and;
b) towardsmonovariantcurve E*  >E°,, uponreach-
ing which Si (sylvin) crystallizes as the fourthequi-
librium solid phase. Further the crystallizationpath
ends at nonvariantpoint E36 with equilibrium solid
phases An+Gz+Pg+Ci+Ps.

Finding the figurative point of the mixturecom-
position on the invariantfield

E\ v An+GztPstPe.., Es* AntGz+Pg+Si Ef
e ——
An+Get+Pg

o

Ei’ AntAcstGz+Ir+Pg Es"

There are fouroptions for the fourth equi-
librium solid phase crystallizationpath (accord-

Ez® Eis®

| An+Kai+Sk |
Ezz® Eiq®
Eg® Ejz®

| An+La+/lev I
Ei5 Eq 26

ing to the number of monovariant curves of the
six-component composition level). Further the
crystallizationpathwill end at one of the three six
nonvarian tpoints. For example, when the crystalli-
zationpathreaches the E * > E.° monovariantcurve,
the quadruple equilibrium solid phase will be Ps
(pentasol) and crystallization will terminate at the
E.° nonvariantpoint with equilibrium solid phases
An+Gz+Pg+Ps+Ci. At achievement of a crystal-
lizationpath of monovariantcurve E ° >E° the
quaternary equilibrium solid phase will be As (as-
trachanite) and the crystallization will terminate at
nonvariant point E ° with equilibrium solid phases
An+Ac+Ga+Gz+Pg.

When the crystallization pathreaches the mon-
ovariantcurves Ez® = Eino® , E¢® = Ei® itsfur-
thermovementdepends on the process of saturation
of the solution with the fifthequilibriumsolidphase.
For example, if reaching the path of crystallization of

monovariantcurve solution satura-

Eb m—Fp®
tionprocess is accompanied by increasing of solution
concentrationdue to pentasol (Ps), then the crystal-
lization pathwill be directedtowards nonvariant sixth
point E ¢, uponreaching which equilibrium solid
phases will be An+Gz+Pg+Ps+Cs. If upon achieve-
ment of the path of crystallization of monovariant-
curve Es¢ == Euf) the process of solutionsatura-
tion is accompanied by increasing of solution
concentration due to halite (Ga), the path of crystal-
lizationwill be directedtowardsnonvariantsixthpoint
E,f, upon achievement of whichequilibriumsolid-
phaseswill be An + Ga + Gz + Pg + Ci. In the same-
wayfurthercrystallizationpaths can be determined

on the monovariantcurve E96 ., - Eloé.
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INVESTIGATION OF THE REGION OF EXAMINATION OF MELTS IN
SYSTEMS In-BY' (B - S, Se, Te) BY THE ACOUSTIC METHOD

Abstract. The temperature dependences of the propagation velocity of ultrasound in exfoliating
melts of the In-§, In-Se and In-Te systems have been studied. Supercritical phenomena have been
found, consisting in an anomalous decrease in the speed of ultrasound with decreasing temperature

as one approaches the delamination dome in a short temperature range. It has been established

that these anomalies increase gradually as the melt concentration approaches the critical one. The

coordinates of the critical point have been established.
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Introduction

The study of stratification of liquids is of inter-
est for at least two important areas: the first is the
construction of the stratification dome on the phase
diagram and the second is the study of the features
of the second-order phase transition liquid-liquid.

The optical method is widely used to study the
phenomenon of stratification and to study the struc-
ture in transparent liquids. The difference in refrac-
tive indices in separating liquids, and the resulting
specificity of light propagation, makes it possible
to visually observe the boundary between them.
Opagque liquids (metal and semiconductor) lack
such an effective research method as optical. Howev-
er, the generality of the laws of wave processes makes
it possible to use the propagation of not only electro-
magnetic waves, but also other types of waves, in par-
ticular elastic ones. Elastic waves have even greater

possibilities than light in studying the atomic struc-
ture, as well as in studying the separation of liquids,
since all real liquid media are always “transparent”
in the acoustic sense and not always in the optical
sense. Elastic waves are also distinguished by the fact
that the speed of their propagation strongly depends
on the inertial properties of the particles that make
up the medium and, consequently, on the concentra-
tion of the components. Considering that the speed
of propagation of ultrasound is currently measured
with an accuracy of 1074, it is possible to effectively
use this characteristic of the propagation of elastic
waves for the precision study of liquids.

Although diffraction methods are methods of
direct study of the structure, nevertheless, they do
not provide direct information about the structure
of melts of metals and semiconductors. Side maxi-
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ma or sagging on the scattered X-ray intensity curve
only indicate that a superposition of two structures
is possible. Processing of experimental X-ray data
requires well-known assumptions [1-2]. At the
same time, it should be borne in mind that X-ray
measurements in high-temperature and chemically
aggressive melts are rather complicated, and some-
times not realizable.

Currently, acoustic research is a powerful tool
for obtaining information about the structure of
melts of metals and semiconductors. In condensed
media, the elastic impulse propagates from atom to
atom through interatomic bonds, and therefore the
change in the latter significantly affects the rate of its
propagation. Therefore, the speed of propagation of
ultrasound is a fine characteristic, sensitive to chang-
es in the nature of the chemical bond. To study the
stratification of liquids and the stratification process
itself, a method is needed that makes it possible to
measure the ultrasound velocity in each of the exist-
ing layers, moreover, at different distances from the
boundary between the layers. This method is pulse-
phase, which allows you to work on a transmitted
wave and change the acoustic base [3-4].

12
/e

Technique for measuring the velocity of ultra-
sound in exfoliating melts

The essence of the acoustic method lies in the
fact that the propagation velocity of ultrasound
3, is measured depending on the height h of the
liquid column and the so-called 3 - h character-
istic is analyzed at a fixed temperature. The set
of 3 —h characteristics at different temperatures
and for melts of different initial concentrations
provides complete experimental information on
the melt separation, i.e., all the necessary data for
constructing a separation dome from experimen-
tal points.

On (pic. 1) A diagram of the installation for mea-
suring the velocity of propagation of ultrasound is
presented. The pulse generator 1 modulates the RF
voltage of the sinusoidal signal generator 2 into a
sequence of rectangular packets with high-frequen-
cy filling, which excite the piezoelectric elements
3 of the comparison cell and the measuring cell in
parallel (dashed lines). Ultrasonic pulses through
the lower fixed sound ducts 4 probe the reference
liquid (distilled water) S in the container 6 and the
investigated melt 7 in the container 8.

,.O_.

Picture1. Functional diagram of the installation for measuring
the velocity of propagation of ultrasound in melts

On (pic. 2) representations the scheme of the mea-
suring cell for determining the velocity of propagation

of ultrasound in a separating melt and the nature of the
change in velocity with height are presented.
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Picture 2. Scheme of the measuring cell for
determining the velocity of propagation of
ultrasound in the melt and the nature of its
change in the height of the melt in the presence
of stratification into two liquid phases.

By moving the upper movable sound duct with
the help ofamicrometer screwatadistance A h =nA,
we get the opportunity to fix the value of the veloc-
ity of propagation of ultrasound in the area An.

By successively probing the melt by moving the
upper sound duct, one can establish a change in
the velocity of propagation of ultrasound along the
height of the investigated melt and detect its jump
when passing through the phase boundary between
regions 4 and S. In (pic. 2) on the left schematically
shows how a sinusoidal plane wave propagates in
the melt from the lower to the upper sound duct,
the length of which in the lower layer is greater than
in the upper one. The spatial distribution of the
wave phases has a stationary character, i.e. at any
moment of time, a multiple of the period of oscil-
lation ntin a plane located at an arbitrary distance
from the bottom of the container, the same phase
of the wave is realized.

When moving the upper acoustic duct down to
a distance nA (in this case n=2) on the screen of
an oscilloscope with a differential amplification
unit, the second input is fed with a coherent sinu-

soidal signal from the same generator that generates
the total displacement A h =nA probing the melt
and setting frequency f, speed of ultrasound, we
find the voltage, n extinctions of the total signal are
observed. Registering according to the ratio

9s=f A—, which is identical to the obvious for-
n

mula 3s= f - A. Since the wavelength, defined as
A= A—h, is a component of the melt thickness Ah,

the venlocity Js also refers to this melt volume. By
probing the melt in the region of delamination at
different temperatures, one can detect the disap-
pearance or appearance of a boundary between the
layers, i.e. to fix the temperature of the beginning
of delamination, and also, using the values of the
velocity of propagation of ultrasound in the first
and second layers at each given temperature, it is
possible to plot the vs dependence above the de-
lamination region for alloys of a certain composi-
tion and extrapolate it to the intersection with the
vs dependence curve along the delamination dome.

Experimental results

The authors of [1-6] carried out the study using
the methods of differential thermal, microstructural
and X-ray analysis and the method of measuring mi-
crohardness. The alloys were synthesized in evacu-
ated quartz ampoules using In and elemental Se with
a purity above 99.9% (by weight).

For the In-Se system, indium (In-000) and seleni-
um-was were used as starting materials for the prepa-
ration of alloys. h. Samples were fused in evacuated
to — 10~* Pa and sealed quartz ampoules. At the melt-
ing temperatures of indium and selenium, the samples
were kept for 2 hours, the main fusion was carried out
at 950K for 3 hours with intensive mechanical stirring,
and finally, they were cooled in air while shaking the
ampoules until the samples solidified. The measure-
ments were carried out in a high-purity argon atmo-
sphere in the frequency range 1-3 MHz.

On (pic. 3) presents the results of an experimen-
tal study of the ultrasound propagation velocity Js as
a function of the height h of the liquid column of a
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sample with the initial compositionIn . Se _atvari-

ous temperatures. It can be seen that gi39381;nd 917
K (lines 1 and 2, respectively), the § ~h characteristics
are straight lines parallel to the h axis, the speed of
propagation of ultrasound does not depend on height,

which indicates the homogeneity of the melt.
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Picture 3. The change in the velocity of
propagation of ultrasound along the height

of the liquid column in the melt of the initial

composition In, ., Se ,, 1-5 correspond to

temperatures of 930, 917, 910, 903, 893 K

But at 910 K on the § - h - characteristic (line
3) there is a velocity jump of ultrasound. The step
unambiguously establishes the fact of stratification
of the melt into two liquid phases, which differ in the
velocity of ultrasound propagation. Further, at 903
and 893 K, the step size AJ_ increases successively
(Pic. 3, lines 4 and S ), which indicates an increase in
the concentration gap in the coexisting layers with
decreasing temperature.

As seen in (pic. 3), steps 9 — h — characteristics
3-S5 are fixed with great accuracy at the same height.
The fact that the boundary between the layers is
kept in one position with a change in temperature
only indicates a redistribution of the atoms of the
components without changing the volume of the
phases. Therefore, it can be suggested that this com-
position is critical. Since the delamination tempera-
ture is fixed quite accurately, the temperature 3s— h

-characteristic 3 (910 K) can be considered close
to critical.

The data presented in (pic. 3), make it possible
to plot the dependence of the velocity of propaga-
tion of ultrasound along the line of monovariant
liquid-liquid equilibrium. This requires values cor-
responding to the upper and lower branches of the
9s — h — characteristics in (pic. 3), submit according
to temperature. As a result, we obtain a general curve
corresponding to the dependence of the ultrasound
propagation velocity along the delamination dome
(see pic. 4).

vy 10, mie

T.K

Picture 4. Temperature — concentration
dependence of the speed propagation of
ultrasound in melts of the In-Se system.
Polytherms 1-7 correspond to samples
containing 4, 10, 15, 17, 20, 25, and
30 at.% Selena

This result, in turn, makes it possible to construct
a line of monovariant liquid-liquid equilibrium on
the state diagram of the In-Se system. To do this, it
is necessary to establish the dependence of the ul-
trasound propagation velocity on temperature for
melts of various compositions at various tempera-
tures above the delamination region and extrapolate
this dependence to the intersection with the curve
characterizing the dependence of Js along the delam-
ination dome. The intersection points and determine
the coordinates of the figurative points of the line of
monovariant equilibrium liquid - liquid.
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Based on this, we studied the temperature de-
pendence of the propagation velocity of ultrasound
9s 7 compositions (see pic. 4). It can be seen from
the figure that the temperature dependences of the
ultrasound propagation velocity above the delami-
nation temperature (pic. 4, polytherms 1-7, respec-
tively) are linear, which allows them to be reliably
extrapolated to the intersection with the curve of the
dependence of the ultrasound propagation velocity
along the delamination dome.

From (pic. 4) shows thatat T> T all polytherms
have a negative slope to the temperature axis. Such a
change in the speed of propagation of ultrasound at T
> T _is quite understandable, since above T_(critical
temperature) there is ahomogeneous solution. As can
be seen from the figure, no anomalies were found on
the polytherms. They decrease linearly with tempera-
ture starting from the delamination temperatures.

In accordance with the conclusions in [ S—6], this
fact indicates that there is no pronounced develop-
ment of large-scale concentration fluctuations in the
melts of this system. Built according to the data pre-
sented in (pic. 4), the curve of monovariant liquid-lig-
uid equilibrium in the In-Se system is shown in (pic.
S) as a fragment of the phase equilibrium diagram.
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Picture 5. Fragment of the state diagram of the
In-Se system in the area of melt separation

It can be seen that the curve of monovariant
liquid-liquid equilibrium in the indium-selenium
system is characterized by a symmetrical binodal. In

this system, the coordinates of the critical point are
set: temperature — 910 K, composition —17 at.% Se.

Alloys of the In - S system were studied in [11-
12] in the concentration range from 0 to 70% at.
S by microstructural, X-ray, and differential thermal
analyses. Alloys were prepared by heating mixtures
of components in evacuated quartz ampoules. The
study used In with a purity of 99.999% (by mass)
and crystalline S with a purity 0£ 99.999% (by mass).

State diagrams of the In-S system were con-
structed in a similar way. On picture 6 shows the
state diagrams of the In-S system in the region of
melt separation. According to the obtained experi-
mental data, the delamination dome in this system
is symmetrical and rests on a monotectic horizon-
tal with extreme points at compositions of 7 and
37 at.% sulfur. In the In-S system, the following co-
ordinates of the critical point are set: temperature —
1018 K, composition —21at.% S.

Lk

o 1018

L=

at.%

Picture 6. A fragment of the diagram
of phase equilibria of the In-S system
illustrating the position of the curve of

monovariant liquid-liquid equilibrium in
combination with a monotectic horizontal

The In - Te state diagram is described in [13-
16]. It has been established that the interaction
between In and Te is characterized by limited mis-
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cibility of the components in the liquid state with
monotectics at a temperature of 423 °C and a con-
tent of 28% (at.) Te and the formation of a number
of compounds in the solid state, regarding which
there are discrepancies in the literature.

In the In-Te system, this method was used to
study the temperature dependence (9s—h) — charac-
teristics in melts containing 6, 11, 15, 18, 18.35, 22,
26,29 at.% Te.

In the In-Te system, anomalies were found on the
Js polytherms, the essence of which is that the depen-
dence 9s ~ f(T) passes through a gentle maximum be-
fore becoming linear. These anomalies extend over a
fairly wide temperature range and are most pronounced
in the alloy of critical composition (18.35 at% Te).

T.K 803

v

500

700

600

] ] ]
In 10 20 30 Te

at. % Te

Picture 7. A fragment of the diagram
of phase equilibria of the In-Te system
illustrating the position of the curve of the
monovariant liquid-liquid equilibrium in
combination with the monotectic horizontal
According to [7-8], melts of the In-Te system
are semi-metallic; interatomic bonds in them are
realized not only by the metallic type, but also by
the covalent one. The presence of covalent bonds
in melts is due to the presence of tellurium atoms,
which are prone to the formation of these bonds due
to the well-known specificity of the structure of the

outer electron shells. We suggest that the observed
anomalies in the velocity of ultrasound propagation
in the melts of this system are due precisely to the
possibility of the coexistence of two types of in-
teratomic bonds, which, along with concentration
fluctuations, should contribute to the formation of
significant density fluctuations. The nature of the
changes in the latter during heating of the melts, in
fact, should be the physical reason for the occurrence
of anomalies in the temperature dependence of the
ultrasound propagation velocity.

The results of the studies carried out provide
complete experimental information, on the basis of
which itis possible to construct a monovariant equi-
librium curve that limits the separation region on the
phase equilibrium diagram of the In-Te system.

On (pic. 7) shows the results of such a construction.

For the In-Te system, the following critical point
coordinates are established: temperature — (803 +2)
K, composition — 18.35 at.% Te. the rest In.

Conclusions

Thus, using the ultrasonic method, the area of
delamination in the systems In — B"! (where B - §,
Se, Te) was investigated and refined. Curves of mon-
ovariant equilibrium were constructed, limiting the
indicated area. Experimental result We have shown
that the delamination dome for all the studied sys-
tems is practically symmetrical.

It is shown that the study of the propagation
velocity of ultrasound is an effective and reliable
method for constructing curves of monovariant lig-
uid-liquid equilibrium in high-temperature melts of
binary metal and semiconductor systems.

In conclusion, we note that the acoustic method
has sufficient reliability and high information con-
tent in the case of: studies of the stratification of
melts of metals and semiconductors, supercritical
phenomena occurring in them; construction and
refinement of state diagrams; finally, the study of
the structure of metallic and semiconductor melts.
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A REVIEW OF METHODS FOR ASSESSING THE EVAPORATION
OF LIQUID DROPS UNDER VARIOUS CONDITIONS

Abstract. The article discusses methods for estimating the evaporation of liquid droplets under
various environmental conditions. All estimation methods can be divided into three groups: evapora-

tion of a stationary levitating drop, evaporation of a falling drop, and evaporation of a drop lying on
a solid surface. The possibility of using the considered models and data in the design of local climate

control systems is assessed.

Keywords: evaporation, drop, water vapor, surface, airflow.

Introduction. The problem of evaporation of
liquid droplets is constantly studied by scientists
all over the world due to a variety of practical tasks.
Knowledge of evaporation processes of single drop-
lets under various environmental conditions allows
to design and improve technical cooling systems, mi-
croclimate installations, various energy and heating
systems [3, 4, 26].

The purpose of this article is to review existing
models for evaluating liquid droplet evaporation for

further application in designing a local climate con-
trol system.

The first drop evaporation model was proposed
by Maxwell in 1887 [4]. This model was very simple
and was constructed under the assumption that the
evaporation process is limited to vapor diffusion. Ex-
pression for calculation of vapor flux from the drop
surface was obtained by integration of vapor flux
equation from liquid surface and has the form:

jW:47Tr0DV(pVS_pV0) (1)
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where j is flux of number of vapor molecules from
drop surface, r, is drop radius, D, p,,and p, are va-
por diffusion coeflicient and its density on surface
and in ambient gas.

This model is suitable only for stationary condi-
tions, which are practically never met in reality, as
the drop size inevitably changes during evaporation.

Based on the same assumptions as the Maxwell
model, the Spalding model was built, which takes
into account the change in droplet diameter over
time. This model was called “law d*” and found wide
application in practical calculations [4]:

2
[d%] =1—%m(1+bw)t )

However, Maxwell and Spalding models describe
only the functional dependence of drop size change
with time and are applicable only to diftuse evapora-
tion.

Hertz and Knudsen models are developed to de-
scribe the kinetic or free-molecular mode of evapora-
tion [4].

1 M |8RT

I=~nr’ —
4 "RT\nM

where a_is the fraction of the number of falling vapor

a, (ps _poo) (3)

molecules condensing into the liquid phase, M is the
molar mass of vapor, R is the universal gas constant

Given classical models can not solve all variety
of practical problems of drop evaporation. There-
fore, for each newly emerging problem researchers
look for a suitable solution, as a rule, by experiment.
Let’s consider different approaches to estimation of
evaporation of droplets.

Evaporation of a stationary droplet in an air
stream.

The simplest case of evaporation of droplets
immobile in relation to medium, which excludes
influence of hydrodynamic factor, was considered
by N. A. Fuchs [25]. He found that for sufficiently
small droplets their motion is not reflected in the
evaporation rate, i.e. the evaporation process is qua-
si-stationary.

In some works, evaporation of a stationary drop-
let in an air stream was studied for different droplet
diameters at high temperatures of air or superheated
steam [S; 15; 17,22-24,27; 29].

For example, it is noted in [29] that in most real
cases evaporation of a droplet is significantly affected
by conductive component of heat flow spent on heat-
ing or cooling to adiabatic evaporation temperature.

Studies of evaporation of a stationary droplet
in an air stream were conducted by N.E. Shishkin,
V. V. Terekhov, M. A. Pakhomov et al. [22-24].

In [22] evaporation processes of droplets in
streams of different types were compared. It was
found that during evaporation of a droplet in a va-
por-gas flow, heat transfer is more intense compared
to single-component vapor-droplet flow and single-
phase vapor flow.

When studying droplets with diameter not more
than 3 mm of pure liquids of water, ethanol and ace-
tone suspended motionless in an aerodynamic chan-
nelin an air flow directed from below upwards, it was
noted that the surface temperature of the droplets was
non-uniform. Evaporation of droplets in a stationary
medium (at an air temperature of 19.8°C) was of a
similar nature. It was found that for all pure liquids at
the initial moments of time the droplet surface tem-
perature was close to the adiabatic evaporation tem-
perature [27]. In further studies [23], evaporation of
asuspended droplet in a stream of hot (300°C) air was
investigated when the flow rate changed from 0 to 6

m/s. It was found that for water droplets the ratio

v (ratio of flow of evaporating liquid to initial

p OVO
mass) remains unchanged for a long time.

This data is of some interest for the design of mi-
croclimate systems, but in real conditions the droplet
cannot remain stationary and the airflow will not be
strictly vertical.

Evaporation of a falling droplet in an air
stream.

Research on evaporation of the falling drop of
liquid is of practical interest. Such researches were
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carried out by Spiglazova A.S., Mezentsev A. V., An-
tonov A.S., Zhailaubaev].D.etal. [1; 14; 16; 17; 21].

As aresult of experimental studies in [ 17] for the
movement of water droplets in a stream of hot gases
(temperature above 1000 K), were established inte-
gral characteristics of the evaporation of droplets and
droplet evaporation constants for the known models
of heat and mass transfer. The obtained values can be
used in practical calculations and numerical simula-
tion of evaporation processes for the conditions of
high-temperature cleaning of liquids, polydisperse
fire extinguishing, etc.

In the work of Zhailaubaev Zh. [ 14] gives the ba-
sis for calculating the surface temperature of evapo-
rating droplets for the entire period of nonstation-
ary evaporation (when a vortex heat flow occurs),
in which two stages are highlighted:

1 — propagation of thermal and concentration
perturbations from the contact surface to the depth
of the phases (the duration of the first stage of evap-
oration is equal to the contact time of the surface
element with the gas phase and does not exceed
103-10"*s for atomized liquid droplets);

2 - stage of nonstationary evaporation, during
which the resistance created by the gas phase to ex-
change processes remains constant. Temperature of
liquid in the second stage approaches the value of
adiabatic evaporation temperature, achievement of
which is considered as the beginning of stationary
evaporation of droplets.

Experiments carried out by the authors with sus-
pended droplets 0.56 to 2.5 mm in diameter at air
velocities up to 6.5 m/s allowed to obtain solution
of the thermal conductivity equation from which
the expression for calculation of evaporation rate
was derived:

q=A(T)r+e.-B(T)r (4)

T - temperature; ¢, — thermal conductivity coef-
ficient; r — current radius (coordinates); A, B — con-
stants.

Despite the apparent simplicity of the consid-
ered model, its practical use requires a number of

experiments to determine the calculated values of
constants A and B.

In the work of Spiglazova A.S. [21] studied the
influence of air resistance on evaporation of a falling
drop. Analytical expressions were obtained for dif-
ferent ratios of evaporation rate and proportionality
factor for the drag force. The use of these models in
real conditions is difficult because of the difficulty of
accurately assessing the conditions of resistance of
the medium to the movement of the droplet.

The kinetics of evaporation of water droplets
free-flying in an air stream was analyzed in [13] in
order to formulate requirements for the optimal
droplet size in an air-droplet mixture designed for
cooling production equipment. The following fea-
tures arise when droplets are forcibly injected into
the air stream:

— the droplet expends its mass during evapora-
tion until it disappears;

— small droplets that are in suspension are no-
ticeably affected by viscous frictional forces and
therefore their relative velocity in the air is low;

— a stable boundary layer of laminar type is
formed around a droplet, which practically excludes
the influence of convection and turbulence, so the
diffusion of steam from the droplet surface into the
ambient air occurs mainly at the molecular level.

Once in the air flow, the droplet very quickly
reaches the psychrometric temperature, and further
evaporation proceeds mainly at a steady tempera-
ture. It was found that the duration of existence of
water droplets injected into the air stream is inverse-
ly proportional to their initial radius. For example,
time of evaporation of a drop with initial radius
r,=0.01 mm in the flowis 7 =0.5s.

Some authors [2, 20] investigated possibilities of
influencing droplet evaporation processes by means
of electric fields. In [2] influence of electric field on
intensity of evaporation of levitating drops of liquid
was simulated and empirical expression for calcula-
tion of time of complete evaporation for drops with
size d = 4-5 mm was obtained:
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t=1.64f-40.9, (5)
where fis the relative humidity of the air.

It has been experimentally established that con-
stant electric field of 3 kV/cm maximally intensifies
processes of evaporation of water drop suspended
in air flow.

Model (5) is notable for its simplicity and ease of
use in practical calculations, however, this model is
not suitable for calculations of microclimate systems
as it was developed for evaporation of large drops only.

Comparison of evaporation processes of superheat-
ed and cold water was carried out by D. V. Marinichev
[19], who found that fine atomization of superheated
water with predominance of microdroplets with a di-
ameter less than 3 microns can be achieved by using
the technology of explosive boiling of strongly super-
heated liquid. It was proved that when superheated
water is sprayed into an air stream at a velocity of up to
40 m/s, the droplet size distribution has a pronounced
bimodal character. Atomizing water temperature of
220-240 °C about 65-70 mass percent of the drop-
lets have diameter less than 3 microns, and the average
diameter of large droplets is about 8 microns which
is about 1.5-2.5 times less than atomizing cold water.
When spraying with cold water (up to 150 °C) droplet
size distribution remains unimodal. Data on the drop-
let size and nature of droplet distribution can be very
useful in the calculation of microclimate systems.

Evaporation of droplets from a solid surface.

The process of evaporation of liquid droplets
from various surfaces has been studied by many au-
thors [16; 18; 20; 28; 30]. For the purposes of de-
signing microclimate systems, processes of evapo-
ration from surfaces are significant from the point
of view that when spraying coolants into the air, a
significant proportion of droplets inevitably settles
on various surfaces and there continue to evapo-
rate. Therefore further we shall consider results of
researches of evaporation of liquid from surfaces of
soil, leaves and various solid materials.

Many authors considering evaporation of water
droplets from solid surfaces point out that:

— The evaporation rate increases with increasing
surface temperature and is highly dependent on the
roughness of the wall [30];

— evaporation of droplets smaller than 500 ym
directly depends on the thermal conductivity of the
substrate [28];

— changes in the electrokinetic potential of par-
ticles affect the evaporation of droplets [20]: an
increase in the electrokinetic potential of particles
leads to a change in the evaporation scenarios of a
droplet located on a solid surface: the adhesion of
the droplet to the underlying surface weakens, the
droplet begins to move with a change in the surface
shape, which leads to either acceleration or slow-
down of evaporation.

A wide range of studies of evaporation from soil
surface was carried out at Research Institute of Hy-
drometeorology (Uzbekistan) [6-11]. To estimate
these processes, theoretical analysis of soil moisture
evaporation process was made [11] based on equa-
tions of particle number balance and speed of their
motion, mathematical dependencies between char-
acteristic particle size of its area and volume were
obtained [8]. In [9; 10], based on the generalized
equilibrium equation and material balance of par-
ticles as well as the equations of hydrodynamics for a
continuous medium and energy for air, a multiphase
model of interaction between different kinds of un-
derlying surface and air flows in the surface layer and
upper atmosphere is analyzed. For these conditions
the amount of vapor evaporating from a particle per
unit time is calculated.

The problem of estimating the time of evapora-
tion of raindrops and dewdrops from the surface of
plant leaves was considered in [12]. To create mi-
croclimate systems in arid areas, it is important to
be able to manage the time of evaporation of water
from plant leaf surfaces. Thomson formula is used to
estimate the dependence of saturated vapor pressure
over a small droplet:

P=pe 2MoV,,
aRT

(6)
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where M is the molecular mass, a is the changing
drop radius, T is the thermodynamic temperature,
V,, is the molar volume, ¢ is the surface tension of
the liquid formed by vapor condensation.

From the above expression it can be concluded
that the saturated vapor pressure over the convex
surface of the droplets will be greater than over the
flat one. Based on this statement the author [12] ana-
lyzed the evaporation time of a spherical droplet of
small size lying on the surface of a solid body (sheet)
at relative humidity f at temperature T

RTp;qag (2 —3cos0 + c0530)
- 24DMop,, f 7
6 — contact angle, p_ — saturated vapor density,
D - diftusion coefficient, r — drop radius, a - initial
radius.

An example of calculation of time of evapora-

tion of a water droplet with initial radius a = 0.1

t

mm evaporating from solid surface at contact angle
6 = 120 degrees and temperature T = 293 K result-
ed in t = 325 hours. This result raises certain doubts
about the adequacy of the proposed model. The ap-
proach suggested by the author is of interest, how-
ever, the model obtained obviously requires refine-
ment.

Conclusion. Many of the considered computa-
tional schemes are in principle not stable in practi-
cal calculations, or give calculation results which are
inadequate to the physical rules of substance move-
ment in a gas flow.

Nevertheless, the data and models obtained by
Balakrova S. B., Dokhov M. P, Shishkin N. E., Marin-
ichev D. V. may be recommended (after clarification
in real conditions) for calculation and design of mi-
croclimate systems based on atomization in the air
of water droplets.
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Abstract. The heterogeneous phase equilibrium in an aqueous system consisting of magnesium
sulfate, monoethanolamine nitrate, and ammonium molybdate has been studied. It has been estab-
lished that the system, including magnesium sulfate and monoethanolamine nitrate, belongs to a
simple eutonic type, where the salting-out effect of the components on each other is observed. The
dependence of changes in the physicochemical properties of solutions in a system containing MgSO,,
HNO,-NH,C . H OHu (NH,) Mo.O,, - 4H,0 depending on the composition of the components
was studied. A “composition-property” diagram of this system is constructed.

Keywords: fertilizers, MgSO,, MgSO, - 12H 0 and MgSO, - 7H,O HNO,- NH,C ,H OH, (NH,)

Mo_O,, - 4H,O, solubility diagram, the composition-properties diagram.

6

Introduction. In modern intensive technologies
for growing field crops, the fertilizer system provides
for the introduction of not only N, P,O,, K, O, but also
all the macro-and microelements necessary for the
plant. The introduction of sulphur has already become

as common as the introduction of nitrogen, phospho-
rus and potassium. Somewhat less attention in the nu-
trition system was paid to providing plants with magne-
sium and calcium. Recently, scientists and agricultural
producers have been persistently and convincingly talk-
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ing about the introduction of calcium as a nutrition ele-
ment at much lower rates — 200-500 kg/ha.

As for magnesium, theoretically, everyone knows
about the need to add it. In the composition of fertil-
izer mixtures, magnesium is contained in a smaller
amount, or its content is lower compared to sulphur.
Therefore, it is this, somewhat underestimated, an
element that can become a limiting factor in the fur-
ther growth of field crop yields.

Physiological role magnesium is associated with an
effect on the activity of many enzymes. It plays an im-
portant role in the process of photosynthesis — it acti-
vates an enzyme that catalyzes the participation of CO,
in photosynthesis. It is directly involved in the synthe-
sis of ATP —the energy carrier in plants. Due to the use
of the energy of the ATP molecule, the plant synthe-
sizes glucose from carbon dioxide and water — the first
link in the complex chain of photosynthesis. It not only
participates in the synthesis of carbohydrates, but also
ensures their transportation to the underground part
of the plant, due to which a well-developed root system
is formed, and in winter crops, the sugar content also
increases and frost resistance increases [1].

At present, much attention is paid to the produc-
tion of complex liquid fertilizers containing N, Ca,
P,0,, and KO, as well as plant protection products,
physiologically active substances, etc. Of particular
interest is the study of the combined use of liquid
fertilizers with physiologically active substances that
accelerate the growth and development of plants and
increase crop yields. One of such representatives of
physiologically active substances is monoethanol-
ammonium nitrate [2; 3].

This article is devoted to research on the produc-
tion of liquid fertilizer containing Mg, N, Mo, and S
and a physiologically active substance. In this regard,
the following main research tasks were set and solved:

— Study of solubility in a system consisting of wa-
ter, magnesium sulfate and monoethanolamine nitrate
in a wide temperature and concentration range [4];

— Study of the refractive index, viscosity, den-
sity, and pH of the medium at 20 °C in the sys-

tem [30%MgSO 0,3%HNO, - NH,C,H OH] -
~(NH,),Mo.0,, - 4H,0;

Objects and methods of research. The follow-
ing were used in the work: MgSO, - 7H,0, HNO, -
-NH,C,H,OH, (NH,) Mo_O,, - 4H,0 of analytical
grade.

For the study, a 30% aqueous solution of magne-
sium sulfate was used, which is a transparent solution
with a slightly yellowish tint, odourless. The drug dis-
solves well in water with the formation of homogeneous
solutions. Crystallization temperature 19.7-19.9 °C.

The second component is liquid monoetha-
nolamine nitrate (LMEA), which we synthesized
based on nitric acid and monoethanolamine [S; 6]
at an equimolar ratio of components 1:1. The syn-
thesized compound HNO,- NH,C,H,OH is a con-
centrated solution, slightly cinnamon in colour, and
highly soluble in water. Boiling point 145 °C, crys-
tallization point —8.0 °C, pH of aqueous solutions
5.35. The third component is the crystalline salt
(NH,) Mo_O,, - 4H,0. Ammonium molybdate tet-
rahydrous (analytically pure) was obtained by mix-
ing ethanol with a concentrated ammonia solution
of molybdenum (V1) oxide.

When studying the solubility of phases in physi-
cochemical systems, the visual-polythermal method
was used [4]. The viscosity of solutions was mea-
sured using a VPZh (BIDK)-type viscometer [7]
with a capillary diameter of 1.16-1.32 mm. Results
accuracy + 0.0001-10-lm*/s. The density of the
studied compounds and solutions was determined
pycnometrically [8]. The pH of solutions was mea-
sured according to the procedure [9] on an FE-20
METILER TOLEDO pH meter.

Results and discussion. To elucidate the
behaviour of the components in the process of
obtaining a liquid fertilizer based on magnesium
sulfate, nitrate monoethanolammonium and am-
monium molybdate, the solubility in the MgSO -
- HNO, - NH,C,H OH-H,O system(Fig. 1.,
Table 1.) was studied by the visual-polythermal
method [4].
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Figure 1. Polythermal solubility diagram of the system MgSO,-HNO, - NH,C,H,OH-H,0

Table 1.— Double and triple points of the MgSO,-HNO, - NH,C,H,OH-H,O system

The composition of the liquid phase, wt.% Crystal .
MgSO, | HNO,-NH C H OH H,O | temperature,’C solid phase
1 2 3 4 S
12.2 - 87.8 -4.0 Ice + MgSO,-12H,0
114 9.2 79.4 -4.4 -
10.2 18.0 71.8 -4.6 -
9.1 27.6 63.3 -4.9 -
8.0 37.0 55.0 -6.0 -
3.0 71.8 25.2 -17.6 -
58 74.0 232 DY) Ice + MgSO, - 12H, O+
‘ ‘ ' ' +HNO,. NH,C H,OH
2.0 75.2 21.0 -21.4 Ice + HNO,-NH,C H,OH
1.2 79.0 19.8 -20.4 -
- 80.6 19.4 -20.1 Ice + HNO,- NH,C, H OH
L4 60 Yok 4n HNO, - NH,C,H,OH + MgSO,
' ' ' ' .12H,0
3.0 80.4 16.6 -8.4 -
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1 2 3 4 S
3.7 81.6 14.7 -7.6 -
8.2 91.8 - 2.0 -
16.5 _ 83.5 2.0 MgSO4- 12H O + MgSO4- 7H,O
16.0 9.2 74.8 2.2 -
17.0 9.0 74.0 2.6 -
14.4 23.0 62.6 34 -
13.8 26.0 60.2 3.8 -
13.0 35.0 52.0 5.3 -
14.4 85.6 - 28.0 -

On the solubility diagram, the largest field of
crystallization belongs to magnesium sulfate hep-
tahydrate, since it has a lower solubility compared
to other components of the system. It follows from
the given data that no formation of new compounds
based on the initial components is observed in the
studied system. The system is of a simple type, which
means that the components of the system, when pre-
sented together, retain their individuality and physi-
ological activity.

The solubility of the binary system of monoetha-
nolammonium nitrate in water was studied from the
freezing point of -20.1 to —2.0 °C. Based on the data
obtained, the crystallization branches of ice, nitric
acid, monoethanolamine and monoethanolamine
nitrate were established. The composition and crys-
tallization temperature was determined at figurative
points of the system. With the establishment of the
quantitative composition of liquid and solid phases,
which are given (Table 2., Fig. 2.).

Table 2.—Water solubility data for the HNO, - NH,C,H,OH-H,O system

No Liquid phase composition,% Ter.. °C solid ph
0 HNO,.H NC H OH H,0 . phase
1 2 3 4 >

1 _ 100 0 Ice
5 58 972 _02 Same
3 6.3 93.7 -0.4 -
4 11.1 88.9 -0.8 -
S 16.7 83.3 1.1 -
6 22.5 77.5 -1.8 -
- 30.6 69.4 -24 -
3 372 62.8 -3.1 -
9 422 57.8 -4.4 -
10 46.9 53.1 -5.7 -
11 51.4 48.6 -7.0 -
%) 56.0 44.0 -8.2

13 61.2 38.8 ~10.3 -
14 65.0 35.0 -11.9 -
15 68.2 31.8 -13.2 -
16 72.5 27.5 -15.8 -
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1 2 3 4 S

17 76.7 23.3 -17.5 -

18 78.4 21.6 ~18.8 -

19 80.57 19.43 -20.1 Ice + HNO,-NH C H OH
20 81.2 18.8 ~18.6 HNO,-NH,C H OH
21 82.1 17.9 -16.8 Same

22 83.9 16.1 ~14.0 -

23 86.0 14.0 ~11.2 -

24 88.0 12.0 -8.8 -

25 89.8 10.2 -7.4 -

26 92.0 8.0 -5.8 -

27 93.9 6.1 4.2 -

28 96.1 3.9 -3.5 -

29 98.0 2.0 2.4 -

30 100 - -2.0 -

From the above solubility data, it can be seen
(Table 1) that monoethanolamine nitrate is very

soluble in water. Based on the data obtained, we have

Solubility in binary systems consisting of sodi-

T=C

b

20 4

100%
2,0°0¢

HNONHC,H,OH

20,1°C

T T 1 T T T —
H,O 20 40 60 80

HNO;"NH>C,H,OH mace., %o

Figure 2. Solubility diagram of the binary system HNO,-NH,C_H,OH-H,O

272 4

um tricarbamide chlorate and water, MgSO,-H,O  with the literature [10-20].
and HNO, - NH,C ,H, OH-H,O has been studied

constructed a polythermal solubility diagram for the
binary system HNO,- NH,C . H,OH-H,O.

by many authors, our results are in good agreement
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For the physicochemical substantiation of the
process of obtaining sulfur-containing fertilizer
with physiological activity, we studied the MgSO -
-HNO,- NH,C,H,OH system. On its polythermal
solubility diagram, crystallization branches were re-
vealed: HNO,- NH,C,H ,OH, MgSO, - 12H,0 and
MgSO, - 7H,O (Fig. 3).

T, C 4
60
15,9%

S4.00C

14.4%

28.0C

10 20
HNONH,C,H,OH

MgSOy, mace., %o

Figure 3. Polythermal solubility diagram of a

binary system HNO, - NH,C,H,OH-MgSO,

To develop technological standards for the pro-
cess and recommend a technology for obtaining lig-
uid fertilizer based on magnesium sulfate and a phys-
iologically active substance (HNO,-NH,C,H OH),
the dependence of changes in the rheological prop-
erties of solutions on the composition in the MgSO,-

HNO,NH,C ,H OH-(NH,) Mo_O,, system was
studied.

To elucidate the effect of components on the
physicochemical properties of solutions of the above
system, the dependence of the change in crystalliza-
tion temperature, medium pH, viscosity and density
of solutions on the composition was determined.
Based on the data obtained, a “composition-prop-
erty” diagram of this system was constructed (Fig.
4, Table 3).
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Figure 4. Dependence of the change in
crystallization temperature (1), pH (2), density (3)
and viscosity (4) of solutions on the composition
in the system {99.7%[30%MgS04+70%
H20]+0.3%HNO3 - NH2C2H40H} -
—(NH4)6Mo7024 - 4H20

Table 3.— Dependence of the change in the physicochemical properties of solutions on the composition
in the {99,7%[30%MgS0,+70%H,0]+ 0,3%HNO, - NH,C_H,OH}-(NH,).M0_0O,, - 4H,0 system

{99.7%[30%MgSO _+70%H,0 ]+ 3 ]
N1 +0,3%HNO_.NH,C H,OH} (NH,)Mo.0,- 45,0 Tkr | pH | dg/em’ | mm’/s
1 2 3 4 | s 6 7
1 100 _ “18 | 7.65 | 1.20661 | 2.37706




THE SOLUBILITY OF COMPONENTS IN THE SYSTEM {99.7[30 MgS04+-70% H20]+0.3%HNO3 -- NH2C2H40H—(NH4)6M07024 - 4H20

1 2 4 S 6 7

2 99.22 0.78 -3.0 | 434 | 1.22100 | 2.45001
3 99.08 0.92 -4.0 | 4.35 | 1.22003 | 2.44904
4 98.92 1.08 -1.2 | 436 | 1.22302 | 2.450825
S 98.78 1.22 -1.0 | 4.38 | 1.226541 | 2.47510
6 98.54 1.46 -0.8 | 442 | 1.231830 | 2.49890
7 98.14 1.86 -0.6 | 447 | 123656 | 2.54545
8 97.37 2.63 -1.0 | 4.50 | 1.24297 | 2.61480
9 95.85 4.15 -2.8 | 4.60 | 1.25954 | 2.72533
10 93.69 6.31 =53 | 474 | 1.27933 | 2.85267

Figure 4 shows that in the process of disso-
lution {99,7%[30%Mg504+70%H20] +0.3%
HNO,NH,C,H,0H} in (NH,),Mo,O,, - 4H,0
sharp breaks are observed on the curves of crystalli-
zation temperature and pH again formed solutions at
content 0.92% ty -4.0°C; pH4.35; dg/cm’ 1.22003;
mm?/s 2,44904. On the curves of density (3) and
viscosity (4), the break is not so obvious due to the
very small amount of additives. This is explained by
the fact that within the studied ranges of component
concentrations at breakpoints in the system there is
a phase transition from ice to mixtures of salts of
magnesium sulfate, monoethanolamine nitrate and
ammonium molybdate.

Conclusion. Thus, the mutual influence of the
componentsinthe {99.7%[30% MgSO,+70%H, O]+
+0.3% HNO, - NH2C2H40H}—(NH4)6M07O24 sys-
tem was studied and the composition of a new liquid
fertilizer based on monoethanolammonium nitrate
and ammonium molybdate was recommended.

To select the optimal ratio of components in the
tertilizer composition based on magnesium sulfate
and monoethanolammonium nitrate, preliminary
agrochemical tests of various compositions on cot-

ton were carried out. The results showed that the
composition of the fertilizer, in which the ratio of the
components [30% MgSO 4+70%H20] and HNO, -
-NH,C,H,OH equal to 1.0 : 0.006 +0.008 has a high
agrochemical activity, and also has a positive effect on
accelerating the ripening and opening of cotton bolls.

The obtained research results serve as a scientific
basis for the development of a technology for obtain-
ing liquid fertilizers of complex action.
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COMPARATIVE CHARACTERISTICS OF OCTANE-ENHANCING
ADDITIVES BASED ON O- AND N-CONTAINING RAW MATERIALS

Abstract. For the purpose of obtaining effective octane-increasing additives, the tart-product

dissolved in spent hexane is separated in a vacuum distillation apparatus — by-products of JV-LLC

“Uz-Kor Gas Chemical”, It was found that the obtained fraction with C,-C

the basis of which is

18’

aromatic hydrocarbons, is the most important component of octane-boosting additives.

Keywords: octane-increasing additive, octane number, spent hexane, tar product.

Introduction

It is known that the bulk of the oil produced
in Uzbekistan is characterized by a high content
of asphaltenes and resinous compounds and a low
content of aromatic hydrocarbons and hydrocar-
bons of the isometric structure. Gasoline obtained
by direct distillation of a mixture of oil and gas con-
densate has an octane number of about S0 MON
(motor octane number). In order to bring it to the
SS requirement, there are two ways: chemical pro-
cessing — reforming, platforming, destructive hy-
drogenation, etc., which requires huge capital costs.
The second method is the use of octane-enhancing
additives and dopants. The capacities of the FR re-
formers do not allow the production of gasoline
with an octane rating of Ai-80 and higher. There-
fore, at present, the Fergana refinery uses tetraethyl
lead to increase the octane number of low-octane
gasolines [1].

Currently in developed countries to increase the
octane the number of gasoline instead of tetraethyl
lead, aliphatic alcohols are used — methanol, etha-
nol, isopropanol; ethers — methyl tert-butyl ether
(MTBE), ethyl tert-butyl ether (ETBE), amyl tert-
butyl ether (ATBE), diisopropyl ether (DIPE) [2];
aromatic amines — monomethylaniline (MMA), ash-
less highly effective additive - AHEA (70% MMA +
+ 30% methanol) [3]; metallocenes — ferrocene,
manganese organic compounds (Hitech-3000) [4],
ADA, Ferrada, etc. [S].

It was determined that methyl tert-butyl ether
(MTBE) has the best properties. In 1978, MTBE
production facilities with a capacity of 100 thou-
sand tons per year were put into operation in Italy
[6-15]. The process is based on the use of methanol
and isobutylene contained in the C, fraction from
the vapor-phase pyrolysis of hydrocarbons as raw
materials.
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The purpose of this work is to compare the oc-
tane-increasing properties of new alcohols, ethers
and esters, amines and amides.

Results and their discussions

In this regard, we have developed new octane-
increasing additives based on aliphatic alcohols —
methanol, ethanol, propyl alcohol, isobutyl alcohol,
esters and ethers — methyl acetate, ethyl acetate, a
mixture of acetates, methyl tert-butyl ether, amines -
hexamethylenetetraamine, acetonitrile metals.

To increase the octane number of low-octane
gasolines, oxygen-containing compounds — oxygen-
ates —alcohols and ethers — are used instead of high-
ly toxic tetraethyl lead. Esters are the most widely
used: however, recently, due to the revealed cases of

groundwater pollution, in some countries the use of
MTBE in gasoline is limited.

Alcohol additives are used to gasolines less than
ethers, but now interest in them has increased.

We have modified methanol with the addition
of methyl acetate, acetone and urotropine in the
following composition;% mass, methanol — 70%;
methyl acetate — 10; acetone — 13; acetonitrile - 5.0;
urotropine — 2.0 and was added to gasoline A-72 in
the amount of 8%.

The antiknock properties of A-72 containing 18%
OPD-12 (octane-enhancing additive) are shown in
(Table 1).

The antiknock resistance of the developed com-
positions was tested on the UIT-85 unit (Table 2).

Table 1.— Composition of octane-increasing additives

Cocras,% 06.

Ne composition

Methanol | Methylacetate Acetone Acetonitrile Urotropine
OID-12 70 10 13 S 2
OID-13 65 15 12 7 1
OID-14 60 20 15 S -
OID-15 S5 25 20 - -
OID-16 50 20 15 13 2
OID-17 45 25 15 10 -
OID-18 80 10 10 S -

Table 2.— Anti-knock resistance of compositions

Composition | Amount,% Octane number, ON Octane number
Without additives With additives increase
OID-12 5.0 50 58 8.0
OID-12 8.0 69 76 7.0
OID-13 5.0 69 72.0 3.0
OID-13 10.0 69 76.0 7.0
OID-14 5.0 50 59.0 9.0
OID-14 10.0 72 77.0 5.0
OID-15 5.0 72 75.0 3.0
OID-15 10.0 69 75.0 6.0
OID-16 5.0 50 57.0 7.0
OID-16 10.0 69 77.0 8.0
OID-17 5.0 50 60.0 10.0
OID-17 5.0 69 73.0 4.0
OID-17 10.0 72 81.0 9.0
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The effect of various additives, including metha-

nol, on increasing the octane number of gasoline

was investigated in the FR laboratory. At the same

time, it was found that the addition of methanol in

the amount of 20% to the base gasoline A-76 leads
to an increase in its octane number up to 79.0 RPM.
And the addition of 50 mg/1 hitech and 2% MMA
to 75.6, i.e. 3.6 units.

Table 3.- Physicochemical and operational properties of A-72 gasoline containing 8% OID-12

The name of indicators S8 requirements 2084 Gazoline A-72 with
—72 to gazoline A-72 8% OID-12

Detonation resistance motor octane number 76.0 83.0
Research Octane Number not normalized 89.0
Lead content 20 g/1 0.17 OTC.
Fractional composition
The start of gasoline distillation,’C, not less 35.0 35.0
10% not higher 55.0 44.0
50% not higher 100.0 92.0
90% not higher 160.0 145.0
The end of the boiling of gasoline, °C, not higher 185.0 170.0
Residue % 1.5 0.9
Loss% 4.0 3.0
Acidity, mg KOH per 100 sm® of gasoline 3.0 2.8
Conc.entration of actual tar, mg per 100 sm® of 10.0 6.5
gasoline
Induction period min. 900 890
Mass fraction of sulfur, % 0.1 0.02
Copper strip test withstands withstands
Water-soluble acids and alkalis missing missing
Saturated vapor pressure, mm, Hg 500-700 620
Mechanical impurities and water missing missing
Density at 20 °C kg/m? not normalized 0.722
Cloud point, °C not normalized minus 45

In this regard, we have prepared various composi-

sition is OID-12 when it is involved in base gasoline

tions based on methanol and tested their antiknock

in an amount of 10% volume leads to an increase in

properties, some of them are shown in (Table 4).
The anti-knock properties of the synthesized

octane number by 6 units.

compositions showed that the most active compo-

Table 4.— Composition of oxygen and nitrogen-containing compositions (% vol.)

C iti
0:;::1:)11 °" | Methanol | Ethanol | Butanol Methyl acetate | Ethyl acetate | Urotropine
1 2 3 4 S 6 7
OID-19 70.0 10.0 8.0 8.0 2.0 2.0
OID-20 72.0 8.0 10.0 6.0 4.0 -
OID-21 74.0 6.0 10.0 8.0 20.0 -
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1 2 3 4 S 6 7
OID-22 70.0 - 20.0 8.0 - 2.0
OID-23 65.0 - 27.0 6.0 - 2.0
OID-24 75.0 - 17.0 6.0 2.0 -
OID-25 75.0 - 13.0 10 5.0 -
OID-26 60.0 5.0 - 20 15.0 -

The production of methanol and ethanol has been
established in the republic well. In the production of
ethanol by the biochemical method, a first running is
formed, the so-called “ether-aldehyde fraction” (EAF),
which contains up to 95% ethanol. On the basis of EAF,

acetic acid, and methanol, we synthesized methyl and
ethyl acetate using a well-known method. The resulting
methyl and ethyl acetate were tested as antiknock addi-
tives. The test was carried out in the laboratory of the
FR. The test results are shown in (Table S).

Table 5.— Results of tests of methyl — and ethyl acetate as octane-increasing
additives (sample-1-methyl acetate: sample-2-ethyl acetate)

Ne Catfnlyst base: ON Addifive ON Octfme number
straight petrol concentration% vol. increase
1 50:50 71.4 8% sample N2 1 72.0 0.6
2 50:50 71.4 10% sample N@ 1 72.8 1.4
3 50:50 71.4 10% sample N2 2 73.4 2.0
4 50:50 71.4 10% sample N2 2 75.6 4.2
S 40:60 71.8 8% sample N2 2 72.1 0.3
6 40:60 71.8 10% sample N2 2 72.0 0.2

As can be seen from these tables, ethyl acetate
is the most effective. When introduced into base
gasoline in an amount of up to 10% of the mass, the
octane number of gasoline increases upto 4.2 units.

Conclusions:

Thus, systematic research has been carried out to
develop new highly active, environmentally friendly,
energy- and resource-saving octane-enhancing ad-

ditives in gasoline based on local raw materials. It
was found that a composition consisting of metha-
nol — 70%, methyl acetate — 10,0%, acetone — 13%,
acetonitrile — 5,0%, urotropine — 2,0%, manganese
acetate 50 mg/1 is the most effective for increasing
the octane number gasoline. Adding it in the amount
of 5-8% by volume allows you to increase the octane
number of gasoline up to 7 units.

References:

1. Kurbanov A.A., Ibragimov K. A., Dosumova E. Ya. and others. The problem of withdrawal of lead addi-
tives from the composition of gasolines of the Fergana refinery // Uzbek. Journal. Oil and gas.— No. 3.

2002.- 21 p.

2. Orekhova A. The use of additives and additives is the most economical way to improve the quality of
gasoline // The Chemical Jornal,— No. 12.2002.- P. 42-44.

w

Danilov A.P. The use of additives in fuels for cars.— M.: Chemistry, 2000.- 229 p.

4. Kapustin V.M. Oil and alternative fuels with additives and additives / V. M. Kapustin.— M.: Kolos, 2008.-

332p.

5. Rudyak K.B., Sotov S.V,, Yasinenko V. A., Kankaeva I. N., Khaldin I. A. Efficiency of application and en-
vironmental properties of monomethylaniline in the production of high-octane gasolines. Oil refining

and petrochemistry.— No. 6. 2013.- P. 56-59.

70



COMPARATIVE CHARACTERISTICS OF OCTANE-ENHANCING ADDITIVES BASED ON 0- AND N-CONTAINING RAW MATERIALS

10.

11

12.

13.

14.

Emelyanov V. E. Shumovsky O. Yu., Polukhina I. P., Balashov R. D. Influence of the hydrocarbon compo-
sition of gasoline compositions on the effectiveness of methyl tert-butyl ether and monomethylaniline.
The world of petroleum products. Bulletin of oil companies.— No. 12.2012.-P. 6-8.

Sviridova E.V,, Ivanchina E. D,, Kirgina M. V. Study of the influence of additives and additives on the
octane number of gasoline: Electronic resource. Resource-efficient technology — the energy and enthu-
siasm of the young.— Tomsk: TPU Publishing House, 2013.- P. 37-39.

Ershov M. A., Emelyanov V.E., Klimova T. A. Biobutanol versus other oxygenates. The world of petro-
leum products. Bulletin of oil companies.— No. 2. 2012.- P. 3-6.

URL: http: //www.gks.ru/dbscripts/cbsd/DBinet.cgi?pl=9400098/ (date accessed: 01.08.2016).
Danilenko T. V. Development of fuel compositions of gasoline with the addition of aliphatic alcohols /
T.V. Danilenko.— M.: Kolos, 2005.- 185 p.

. Kapustin V.M. New technologies for the production of high-octane gasoline / V.M. Kapustin, E. A. Cher-

nysheva, R. V. Khakimov // Business journal Neftegaz. RU.— No. 4. 2015.- P. 24-28.

Bazarov B.1., Yusupov D., Erakhmedov D. A. Multifunctional ecological alternative fuels and fuel addi-
tives // Uzbek. Journal oil and gas,— No. 3.2003.- P. 42-43.

Bazarov B.L, Yusupov D., Erakhmedov D. A., Dzhumabaev A. B. Alternative composite combustible mix-
tures and added components // Compos. Materials,— No. 2. 2003.- P. 31-33.

Karimov A. U,, Yusupov D., Ergashev A. A., Bazarov B. 1. Synthesis of esters and ethers, obtaining addi-
tives based on them // Uzbek. Journal of Oil and Gas,— No. 4. 2004.- P. 78-79.

1S. Yusupov D., Karimov A. U,, Bozorov B. 1., Ergashev A. A. New oxygenated antiknock agents to increase

the octane number of gasolines // DAN RUz,- No. 6. 2004.— P. 53-55.

71



Section 6. Chemistry

https://doi.org/10.29013/AJT-22-3.4-72-75

Geldiev Y. A,
PhD student in the Department of Chemistry
Termez State University

Turaev Kh. Kh.,
doctor of chemical sciences, professor
Termez State University

Umbarov LA,

doctor of technical sciences, professor
Termez State University

THERMAL ANALYSIS OF MODIFIED POLYSILICIC
ACID WITH AMINO ALCOHOLS

Abstract. The study examined the thermal analysis of polysilicic acid gels modified with solutions

of different concentrations of ethanolamine in absolute ethanol. The effect of temperature on the
sorption properties of these compounds at 30 °C, 50 °C and 80 °C was also analyzed thermally.
Keywords: polysilicic acid, ethanolamine, thermal analysis, sorption, desorption, carbon dioxide.

Introduction. Inorganic compounds of silicon -
silicates are very common in the earth’s crust and are
present in almost all minerals. Polysilicic acids are
mainly modified by silanol groups. There are basi-
cally two different methods used. In the first method,
the organic matter is introduced into the polymeriza-
tion reaction together with the substances forming
polysilcates. Although the sol-gel method, which
uses organosilicon compounds, is more efficient,
mainly valuable monomers are used [1; 2].

The second method modifies existing polysilkates
or aluminosilicates by adding organic matter. This pro-
cess takes place with low yields and only on surfaces.
Therefore, it can be widely used to obtain compounds
that are mainly used in surface-based processes [3; 4].

The thermo gravimetrical method can be used
to study the degree of modification of silicates with
organic matter. It uses the decomposition of silicates
at high temperatures. The added compounds are rel-
atively easily broken down [5].

Silica gels have strong sorption properties and
can be used for almost any substance. Various modi-

fications are used to increase their sorption selectiv-
ity. At the same time, thermogravimetric methods
are widely used in the study of sorption properties
of gases and liquids [6].

Research methods. Thermal analysis was per-
formed on a DTG-60 device manufactured by Shi-
madzu in Japan. Thermal stability analyzes were
studied in the 40-60 °C range. Sorption properties
were studied at 30 °C, 50 °C at 80 °C at a CO2 flow
rate of 100 ml/min, and desorption at 110 °C at a
flow rate of 100 ml/min argon gas.

Experimental part. Synthesis of sorbents. Gel of
polysilicic acid was obtained by fine neutralization of
sodium orthosilicate solution with 0.1 M solution of
sulfuric acid. This gel is repeatedly washed in a solu-
tion of sulfuric acid with pH = 4 and then in distilled
water and filtered. The precipitate is heated to 110 °C
until a constant mass is obtained.

Technical ethanolamine was distilled at low pres-
sure in an inert medium. A solution of ethanolamine
in ethyl alcohol was prepared. Soak 10 ml of the so-
lution in 5 g of polysilicic acid for S hours. It is then
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heated to 80 °C until the mass remains unchanged.
Excess ethanolamine was isolated by low pressure
driving. The process was performed separately with
10, 20, 30% solutions.

The decomposition rate and thermal stability of
the obtained sorbents were studied at temperatures
up to 600 °C.

Analysis of the obtained results. The thermal
analysis of the samples at high temperatures is almost

ing only due to the water released as a result of the
decomposition of the water and silanol groups in the
silica gel (Fig. 1).

The decomposition of the samples can logically
be divided into 3 parts: up to 200 °C, 200-400 °C,
and 400-600 °C. The decomposition rates of the
samples at these stages are given in Table 1. The re-
sults are given in percentages as the starting materials
are obtained in different masses during the experi-

the same, with temperatures above 200 °C decreas-  ments.
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Figure 1. Thermogravimetric analysis of silica gel modified with 30% solution ethanolamine

Table 1.— The degree of decomposition of the obtained samples at different temperatures

Degradation rate,%

Ne Samples 40-200°C g200—400 °C | 400-600°C Toatl, %
1 | Modified with 10% solution 8.754% 8.612% 6.421% 23.787%
2 | Modified with 20% solution 9.221% 8.584% 6.352% 24.157%
3 | Modified with 30% solution 12.525% 8.663% 6.436% 27.624%
4 | Unmodified 5.442% 8.278% 6.378% 20.098%

In the first decomposition stage, mainly the sepa-
ration of sorption water and gases is observed. This
is because non-organic modified polysilicic acid also

decomposes in this range. It can also be assumed that
the bulk of the organic layer and the sorbed solvent
are also separated.
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In the second decomposition stage, the decom-
position of the remaining organic part along with
water in the form of crystal hydrate is also observed.
It can be seen from the difference from the fragmen-
tation of the unmodified sample that it is around 5%
of the total fragmentation.

Since the third decomposition stage is mainly
due to the decomposition of the silanol groups, it
proceeds to almost the same extent in all samples.

Due to the fact that the decomposition is car-
ried out in an inert medium, the modified samples
are black due to the presence of carbon in the final
products. In unmodified silica gels, the final product
is white SiO.,.

The table can be used to determine the degree
of modification of polysilicic acid in solutions of
different concentrations. In this case, the rate of
increase in the mass of substances released dur-
ing decomposition was used. According to him,
3.69% with 10% solution, 4.05% with 20% solu-
tion and 7.53% with 30% solution were found to
contain modified organic compounds. This allows
the samples to be used as sorbents due to the pres-
ence of nitrogen-containing functional groups in

10 r

Mass increase, %
[a=] = M 5] = [ [sn] = 5.4} [Yn]

30°C

80°C 30°C 80°C

30°C

the compounds. The absorption properties of these
sorbents from carbon dioxide were also studied
thermogravimetrically.

The sorption properties of CO, gas of the ob-
tained samples were also analyzed by thermogravi-
metric method.

The change in the maximum sorption capac-
ity during the sorption / desorption cycle of ther-
mogravimetrically modified sorbents was studied.
Maximum sorption capacities at 30 °C for sorption
and 80 °C for desorption were used (Figure 2). Dur-
ing the cyclic operation of the sorbent in 2 tempera-
ture ranges, a decrease of 7-10% was observed after
S cycles. Such a decrease can be explained by the
partial release of amino groups at high temperatures.
This is because the sorption capacity of the unmod-
ified sample is virtually unchanged. The optimum
conditions for the desorption process are around
80 °C, and at higher temperatures the desorption is
faster and more complete, resulting in a significant
reduction in the number of processing cycles. After
desorption at 100 °C, after S cycles of the modified
sample with 30% solution, the maximum sorption
capacity decreases by more than 30%.

-j | e
30°C

80°C

L Ememmmen
80°C 30°C 80°C

Sorption temperature, °C

B Unmodified m10%

m20% m30%

Figure 2. Cyclic performance of samples in the processes of sorption
(30 °C) and desorption (80 °C) of carbon dioxide
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Conclusion. The degree of modification of etha-  The ability of sorbents to absorb carbon dioxide also

nolamine with solutions of different concentrationswas  explains the importance of organic functional groups

determined thermally. The degree of modificationwas  in sorption, since the increase is directly proportional

determined as the degree of fragmentation increased.  to the increase in the organic content included.
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OBTAINING CELLULOSE FROM THE MEDICINAL
PLANT MILK THISTLE

Abstract. Cellulose was extracted from the stem of the medicinal plant- milk thistle. The fiber
length, sorption properties, physical characteristics of width were studied by the method of IR-

spectrum.

Keywords: cellulose, milk thistle, the degree of polymerization, IR-spectrum, the size of cellulose

fibers, hydrolysis.

Introduction. It is known that the Institute of
the Chemistry of Plant Substances named after V.L
acad. S. Yu. Yunusov AS RUz is concerned with the
extraction of pharmaceutical substances. The institute
has developed a number of methods for extracting a
variety of medicinal preparations from the flora in Uz-
bekistan. In particular, from the medicinal plant Saint-
Mary-thistle — then milk thistle (Latin Silybum mari-
anum, in Uzbek Ola o’t) [1]. Milk thistle is an annual
or biennial herb. Stem is upright, massive, branched,
glabrous, slightly branchy, 100-150 cm tall. Its ripe
fruits and seeds are raw materials for the production
of medicines. After the extraction of a number of com-
pounds, meal remains that is not used [2-4].

At the beginning, the stems were crushed to 5—
-8 mm, then they were boiled in water to remove
easily soluble substances. In this case, soluble sub-
stances are released from the stems, changing the op-

tical density of the liquid. As soluble substances are
released into the solution, the optical density of the
solution increases, the degree of light transmission
decreases (Fig. 1). The kinetics of changes in optical
density was determined using a KFK-2 photoelec-
tric colorimeter. After 40-4S minutes, the optical
density of the liquid does not change, which means
that there is no soluble part in the stems.

Objects and research methods. The objects of
research are milk thistle stems, cellulose and fiber.
To study the sorption properties of the samples, the
methods of swelling in water and the test method for
characterizing cellulose fibers were used. And also
the method of IR-spectroscopy was used.

The aim of this work — extracting cellulose from
milk thistle stems, studying the features of its struc-
ture, determining the size and fractional composi-
tion of cellulose fibers.
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10

%

Transmission
Transmission density
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Time, min

Figure 1. a) Kinetics of milk thistle stems
extraction in water: T-light transmis-
sion; D-optical density of the liquid

After separating the soluble part into water, the
remaining pulp containing cellulose was cooked. Iso-
lation of cellulose from the mass was carried out by
cooking in a 7% alkali solution for 4-5 hours.

Bleaching was carried out in 10% hydrogen per-
oxide solution for 2 hours. Structural-dimensional
characteristics of cellulose from milk thistle, the de-
termination of the size of fibers and the fractional
composition in length and width were carried out
by an automatic analyzer L&W Fiber Tester, devel-
oped by the company “Yuman” [S]. It is known that
the length of the fibers has a great influence on the
physical properties: strength and elastoplasticity.
The instrument allows for advanced analysis of the
properties of cellulose fibers.

The analyzer determines the following character-
istics of fibers:

— average length of fibers in the sample, mm;

— average width of fibers in the sample, microns;

— average fiber shape factor in the sample;

— average bend angle;

— average number of all kinks per fiber;

— average length of one segment, mm;

— fraction of fines [6; 7].

The device was used to determine the average
values of the length and width of the fibers, their frac-

Time, min

Figure 1. b) Kinetics of milk thistle stems extraction in

alkali and peroxide: 1-7% NaOH;
2-10% H202

tional composition (distribution curves), as well as
the shape factor (Fig. 2).

Figure 2. A - Automatic analyzer Fiber Tester;
B — micrograph of milk thistle cellulose fibers
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Figure 3. Fractional composition of milk thistle cellulose samples:
a,b —fiber length; ¢ — the width of the fibers; d — the shape of the fibers

Before determining the fiber length distribution
curves in the pulp, using a microscope the type of
fibers in samples was established. To do this, a fi-
ber sample was diluted with water and applied on
the glass surface, after water evaporation, the sizes
and shapes of the fibers were photographed. They

are shown in the photo (Figure 2 b). The results
of distribution curves averaged over the length of
the fibers (integral curve 1) and percentage of the
fraction (along the length of the differential curve;
2) are shown in (Figure 3). The results of determin-
ing the nature of the fibers are shown in (Table 1).

Table 1.— Structural-dimensional characteristics of cellulose

Variables Weighted average value on the Weighted average value on the
length width
Average length 2.5 mm 1.038 mm
Average width 31.2 ym 22.2 ym
Shapes average factor 90.8% 80.6%

Cellulose fibers from milk thistle are character-
ized by a heterogeneous shape of various lengths
(Fig. 3); the fraction of long fibers with a length
of 3.5 to 7.5 mm reaches more than 0.2, when the

fraction of the rest does not exceed 0.08. The width
of the fibers is in the range of 12-35 ym, then it is
probably due to the fact that the stem consists of two
different morphological parts — a flat flexible upper
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layer (Fig. 4 a) and the middle of a loose white part
(Fig. 4 b) in a ratio of approximately 90 : 10.

a

Figure 4. A cross section of the
stem of a milk thistle

It is likely that small thin fibers are isolated from
the middle part of the stem.

Sorption properties and IR-spectroscopy of
milk thistle cellulose. After washing and drying,
sorption properties of the resulting cellulose were
determined, they are shown in (table 2).

From (table 2), it can be seen that the yield of cel-
lulose is 26.0%, swelling in water is 187%, moisture
sorption is about 11%, degree of polymerization is
870, ash content is 1.5% and whiteness is about 71%.

Study of IR-spectra of milk thistle cellulose.
They are shown in (Figure S). The spectra were ob-
tained by pressing with KBr on an “IRAffinity-1”
spectrophotometer [8-10].

Table 2 — Quality indicators of cellulose from milk thistle stems

yield of Degree of swell- | * Moisture Degree of Ash Whiteness. %
cellulose,% ing in water, % sorption,% | polymerization content,% 0
26.0 187 11.0 870 1.5 71.0
* Relative humidity — 65%
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Figure 5. IR-spectra of milk thistle cellulose

Thus, the composition of milk thistle stems con-
tains 26% cellulose with a degree of polymerization
of 870, the average length and width of cellulose
fibers is 2.5 mm and 22.2 pm, respectively. [11]

Analysis of the IR-spectra of cellulose shows that
in the spectra in the range of 3250-3500 cm™, there
is a broad blurry band with intense stretching vibra-
tions caused by OH groups with a hydrogen bond.

79



Section 6. Chemistry

Table 3.- Characteristic oscillations in the frequency of functional groups of milk thistle celluloses

Wave number, sm™ Group Oscillation types Intensity

3750 O-H (H bond is not formed) | Valence Very high

3400 O-H (H bond is formed) Valence Broad and intensive

2900 - CH, Valence High

2260-2190 -C=N Valence Average

1980 -C=C=C- Asymm. valent High

1465-1400 - CH, Acumm. pepopm.

1400-1350 - CH, Cumm. pepopm.

1280-1100 - C-0-C- Asymm. valent Intensive

1075-1020 - C-0-C- Asymm. valent Intensive
Conclusion composition have been determined. Its sorption

A method has been developed for obtaining cel-  properties, degree of polymerization, ash content

lulose from the stems of medicinal plant — milk this-  and other indicators have been studied. The chemi-

tle. The optimal conditions, the average values of the  cal composition of the structures of the formed cel-

length and width of the fibers, and their fractional  lulose has been established by IR-spectroscopy.

References:

1. Jahan S.M., Labooni A.P,, Noori A., Quaiyyum M. A., Process For The Production Of Dissolving Pulp
From Trema Orientalis (Nalita) By Prehydrolysis Kraft And Soda-Ethylenediamine (Eda) Process Jehat

etal. (2008). “Dissoving pulp from Tremaorientalis” Bio Resources,~ No. 3. 2008.— P. 816-828.

2. SerkovA.T, Serkova L. A. Opredelenie nabuhaniya volokna v vode. [ Determination of fiber swelling in

water]. Him. volokna,— No. S. 1974.— P. 70-71.

3. GOST 12603-97. Bumaga I karton. Metod opredeleniya poverhnostnoy vpityivaemosti bumagi kapel-

nyim sposobom. [Paper and cardboard. Method for determination of surface absorption of paper by drip

method]. - Moscow, Standart inform Publ., 2005.- 8 p.

4. Kocheva L.S., Brovarova O.V,, Sekushin N. A., Karmanov A. P, Kuzmin D. V. Strukturno-himicheskaya
harakteristika nedrevesnyih vidov tsellyulozyi. [Structural and chemical characteristics of non-wood

pulp.]. Forest Journal,— No. 5. 2005.- P. 87-93.

S. Konerinskiy N.N. Kompleksnaya himicheskaya pererabotka drevesinyi. [Complex chemical processing

of wood]. Uchebnik dlya vuzov. Izdatelstvo AGTU, 2002.— 347 p.

6. Autlov S.A., Bazarnova N. G., Kushnir E. Yu. Mikrokristallicheskaya tsellyuloza: struktura, svoystva,

poluchenie i oblasti primeneniya. [ Microcrystalline cellulose: structure, properties, production and ap-

plications]. Himiya rastitelnogo syirya,— No. 3.2013.—- P. 33-41.

7. Zhbankov R. G. Infrakrasnyie spektryii struktura uglevodov. [Infrared spectra and carbohydrate struc-

ture]. Science and technology, 1972.— 456 p.

8. Moryiganov A. P. Perspektivnyie polimernyie materialyi dlya himiko-tekstilnogo proizvodstva [ Promis-

ing polymeric materials for chemical and textile production]. Respublikanskiy him. Zhurnalob-va. im.
D.1. Mendeleeva,— No. 1. 2002.— P. 58—-66.
9. Eshbo’taev A. G. IQ-practical application of the method spectroscopy.— Tashkent, 2014.— 34 p.

80



OBTAINING CELLULOSE FROM THE MEDICINALPLANT MILK THISTLE

10. Jahan S. M., RahmanH, Rani S.P., Rahman M. Department of Chemistry, Eden Girls College, Dhaka.
Ethylenediamine in alkaline cooking of jute stick for producing dissolving pulp Bangladesh. Res.,—
No. 2.2015.-P. 7-14.

11. Israel A. U, Obot L. B., Umoren S. A., Mkpenie Vand Asuquo J. E. Production of Cellulosic Polymers from
Agricultural Wastes E-Journal of Chemistry,— Vol. 5.—- No. 1. 2008.—- P. 81-8S.

81



Section 6. Chemistry

https://doi.org/10.29013/AJT-22-3.4-82-86

Kaypnazarov Turdibay Nzamatdinovich,
Junior Researcher S. Yu. Yunusov Institute,
of the Chemistry of plant Substances AS Uzbekistan

Uteniyazov Karimbay Kuanishbaevich,
Candidate of Chemical Sciences, Department
“Organic and inorganic chemistry”
Karakalpak State University,

Mirzaeva Makhira Risbaevna,

Candidate of Chemical Sciences, associate professor
of chemistry and chemical technology of Faculty

of Natural Science, Tourism and agricultural
technologies of Osh State University

Abdullayev Nasir Dzhalilovich,

S. Yu. Yunusov Institute of the Chemistry of Plant Substances
Candidate of Chemical Sciences, Academy of Sciences of Uzbekistan

Ramazonov Nurmurod Sheralievich,

S. Yu. Yunusov Institute of the Chemistry of Plant Substances

Doctor of Sciences, (in chemistry), Professor,
Head of the laboratory Chemistry of glycosides,
Academy of Sciences of Uzbekistan

TRITERPENE GLYCOSIDES TRAGACANTHA STIPULOSA AND
THEIR GENINS. STRUCTURE OF CYCLOSTIPULOSIDED

Abstract. Three renowned compounds cycloartane series are highlighted from aboveground organs

Tragacamtha stipulosa Boriss— cyclosiversiosides E and F, cyclonifolioside B and a new glycoside -

cyclostipuloside D that has structure 3-O-p-O - glucopyranoside, 6-O-B-D - xylopyranoside —20R,

24S — epoxycycloartan —3[,6a, 16f, 25 — tetraola. Structure of glycosides is determined based on
NMR spectra 'H and "*C interpreted with 2M NMR - spectroscopy '"H -'"H COSY, ROESY, TOCSY,

HSQC, HMBC.

Keywords: Cycloartans, cyclosiversiosides E and F, cyclonifolioside B, cyclostipuloside D.

Keeping research of cycloartan triterpe-
noids of Tragacantha stipulosa Boriss plant (cem.
Leguminosae) [1; 2], renowned compounds of cy-
closiversiosides E (1) uF (2) [3], cyclounifolioside
B (3) [4] and new cycloartan glycoside cyclostipu-
loside D (4) had been extracted.

In IR spectrum compunds 4 has absorption
band at 3035 sm™, cased CH, the cyclopropane
ring group.

In the PMR spectrum (table) of cyclostipulo-
side D (4) as in specter of cyclostypuloside C [1]
in strong field areas at 0.21 and 0.60 ppm we can see
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that single — proton doublets spitted according to AB
system (*J=3.5 Hz) belonging to the protons of the
methylene group of the cyclopropane ring.

Acid hydrolysis of compound 4 shows presence
of glucose and xylose and cyclosiversigenin (§) In its
composition as aglikon [3].

Except that as a result of hydrolysis we had con-
nection 6 identical in its physico-chemical constants
and spectral data with sievers and genin [5].

In NMR spectra 'H of siversigenina (6) there is
single — proton signal at 5.25 ppm., applicable to ole-
fin proton. There are not cyclopropane ring signals
in NMR spectra 'H.

It is known that under the influence of acids 9,19-
cyclopropane ring is disclosed with the formation of
a double bond 9(11) [6].

In NMR spectra 'H compunds 4 at 4.85 (2H, d.
3]=7.5 Hz) and 4.92 (2H, d. }J=7.5 Hz) we can see
signals of two anomeric protons. Anomeric carbon
atoms of two monosaccharide residues f-D- glu-
copyranoses and p-D - xylopyranoses resonates at
107.37 and 105.44 ppm. accordingly (table).

Signals of anomeric protons of monosaccharide
residues in the PMR spectrum are revealed as dou-
blets with SSCC3]=7.5 Hz, signifying f-configuration

OH

1. R;=R,=Xylp;

2. R;=Xylp, R,=Glcp;

3. R;=Glcp(-2-Glcp), R,=H;
4. R,;=Glcp, R,=Xylp;

5. R,;=R,=H.

of glycoside bonds, C-1 conformation, and the pyra-
nose form of both monosaccharide residues.

Based on results of comparative analysis of the
values of chemical shifts of carbon atom signals in
the 13C NMR spectra of cyclostypuloside D (4) and
cyclosiversigenin (5) found that the effect of glyco-
sylation was subjected to hydroxyl groups at C-3 and
C-6. Accordingly, it can be assumed that sugar resi-
dues are attached to genin via hydroxyl at C-3 and C-6.

Localization of carbohydrate residues was found
by analyzing the spectra of COSY, TOCSY, HSQC
and HMBC. The location of f-D-glucopyranose at
C-3 aglycone is confirmed by the presence in the
ROESY spectrum of correlation peaks of H-1 glu-
copyranose with H-3 and H-29 aglycone and in the
spectrum of HMBC - correlation peak of H-1 glu-
copyranose and C-3 aglycone.

Based on the above data, it can be concluded that
glucopyranose is attached to the hydroxyl group at
C-3 and, consequently, xylopyranose is attached to
the hydroxyl at C-6 of the aglycone.

Thus compound 4 us glycoside of cyclosiversi-
genin and has the structure of 3-O-f-D- glucopyran-
oside, 6-O-p-D-xylopyranoside ~20R, 24S — epoxy-
cycloartan — 3, 6a, 16, 25 - tetraola.

OH
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Table 1.— Chemical shifts of signals in the NMR spectrum 'H and '*C of
cyclosiversiosides E (1), F (2), cyclonifolioside B (3), cyclostipuloside D (4),
cyclosiversigenine (5) and siversigenine (6) (C,D,N, O-TMC, 6, ppm.)

Compound
No 1[3] 2[3] 3[4] 4 5[3] 6
13C 13C 13C IH 13C 13C 13C

1 2 3 4 S 6 7 8

1 34.86 34.66 32.38 1.61; 1.26 31.97 35.16 33.24
2 26.68 29.03 30.62 2.37;1.97 29.93 33.01 28.43
3 88.27 88.27 88.93 3.55 88.29 78.53 74.65
4 42.55 42.67 42.76 - 42.39 42.69 42.04
S 52.07 52.56 53.97 1.90 52.30 52.20 56.65
6 78.53 79.20 67.80 3.82 78.92 68.57 71.20
7 34.86 34.92 38.51 2.30; 1.87 34.38 39.08 39.94
8 44.11 46.24 46.81 1.96 45.49 47.50 47.58
9 21.15 21.13 21.02 - 20.83 21.19 142.13
10 28.38 28.89 29.42 - 28.63 30.11 45.18
11 26.24 26.49 26.28 1.83; 1.26 25.93 26.51 115.01
12 33.43 33.41 33.47 1.65; 1.57 33.15 33.65 36.97
13 45.15 45.08 45.10 - 44.82 45.28 45.18
14 46.13 46.24 46.19 - 46.00 46.41 42.04
15 45.18 45.75 46.66 2.36; 1.85 46.00 46.99 46.71
16 73.40 73.41 73.47 5.01 73.14 73.69 73.16
17 58.08 58.23 5840 2.55 57.98 58.64 56.65
18 20.44 21.13 21.44 1.42 20.83 21.87 19.01
19 30.08 30.23 30.21 0.60; 0.21 28.77 31.70 23.64
20 87.27 87.27 87.28 — 87.00 87.48 86.98
21 27.10 28.60 28.59 1.30 28.63 27.38 27.86
22 31.89 32.24 34.96 3.12; 1.65 34.67 31.21 30.83
23 26.44 26.20 26.47 2.33; 2.06 26.20 26.69 26.83
24 81.60 81.69 81.75 3.90 81.44 81.93 81.43
25 71.23 71.29 71.28 - 71.00 71.48 72.48
26 28.13 28.21 28.21 1.58 27.92 28.44 29.10
27 28.57 28.60 27.15 1.30 26.81 28.81 29.75
28 28.38 27.10 20.16 0.96 19.60 29.67 32.04
29 16.64 16.65 28.87 2.02 28.34 16.38 17.90
30 20.44 19.87 16.59 1.37 16.37 20.47 19.81

Table 2.
1 2 | 3 4 5 | 6
3-0-8-D-Xylp 3-0-B-D-Glcp(12) Glep 3-0-B-D-Glcp

1 107.59 107.56 106.12 4.85 107.37
2 75.57 75.61 77.05 4.08 75.34

3 78.53 78.15 78.15 4.17 78.24

4 71.05 71.28 71.88 422 71.65
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1 2 3 4 5 6

5 67.04 67.07 78.08 3.93 77.84

6 62.95 4.48;4.32 62.88
6-0--D-Xylp | 6-O-B-D-Glcp | >2) B-D-Glcp(153) Agl 6-0O-B-D-Xylp

1 105.70 105.46 105.05 4.92 105.44

2 75.37 75.61 83.61 4.05 75.34

3 77.77 79.31 78.42 4.22 79.03

4 71.25 71.29 71.67 4.27 71.00

5 66.95 78.55 77.95 4.36;3.72 66.78

6 63.10 62.89

EXPERIMENT methanol-water (70 : 23 : 3) we had 7 mg of

For general remarks and selection methods
see [1].

Separation of the butanol fraction. When the
column is eluted by the chloroform-methanol-water
system (70:23:3) 27 mg of cyclosiversioside E had
been isolated (1) (output 0,001%, here and further
is given in terms of air-dry raw materials), 23 mg of
cyclosiversioside F (2) (output 0,00092%), 17 mg
of cyclonifolioside B (3) (output 0,00068%). With
turther elution by the same system we had1.4S g of
cyclostipuloside D (4) (output 0.058%).

Cyclosiversioside E(1).C, H O ,
257-258° C (from methanol).

PMR spectrum (C.D.N, m.a.): 0.15 and 0.60
(by'H, d., ¥J=4.3 Hz, 2H-19), 1.11, 1.31 (2 x CH,),
1.32, 1.40, 1.59, 1.94 (c., by 3H, tertiary methyl
groups), 3.45 (1H, d.d,, J=11.7 and 4.5 Hz, H-3),
3.80 (1H, d.d.d., ’J=8.4; 8.4 and 5.0 Hz, H-6), 2.52
(1H, d., *J=7.8 Hz, H-17), 3.15 (2H, q, *J=11.0 Hz,
H-22),3.90 (1H, d.d., *]=9.2 u 5.2 Hz, H-24), 4.82
and 4.86 (by 1H, d., *J=7.3 and 7.6 Hz accordingly
H-1'u H-1") [3].

Acid hydrolysis. 20 mg of cyclosiversioside
E (1) 15 ml 0.5% methanol solution of sulfuric
acid had been hydrolyzed at 70 ° C within 4 hours.
Upon its cooling we fed 25 ml of water to reac-
tion mix and methanol had been distilled. The
precipitate had been filtered, flushed with water
and, after drying, chromatographed on a col-

melt. temp.

umn with silica gel. Eluting system chloroform-

cyclosiversigenin (5), C, H, O, melt. temp. 240
—242°C (from methanol).

For NMR spectra "*C refer to table.

Cyclosiversioside F (2). Provided 23 mg
(0,00092%) of C, H, O, melt. temp. 260-261°C
(from methanol).

PMR Spectrum: 0.21 and 0.60 (by 1H, d., *J=4.2
and 4.1 Hz,2H-19),0.94,1.30,1.31,1.39, 1.42, 1.60,
2.06 (s., by 3H, tertiary methyl groups), 2.53 (1H, d.
3J=7.8 Hz,H-17),3.54 (1H,d.d.,*J]=11.7 and 4.6 Hz,
H-3),3.81(1H,d.d.d.,*]=8.4,8.4and 4.2 Hz, H-6),
3.15(2H, q,J=11.5 Hz,H-22),3.90 (1H, d.d.,*]=9.1
and 6.5 Hz, H-24), 5.05 (1H, q, ¥J=7.4 Hz, H-16),
4.86 and 4.92 (by 1H, d.,*]=7.4 and 7.7 Hz accord-
ingly H-1'u H-1") [3].

Acid hydrolysis. 13 mg cyclosiversioside F (2)
had been hydrolyzed according to above method and
had § mg of cyclosiversigenin ($). In hydrolysate,
paper chromatography comparison with authentic
samples we revealed xylose and glucose.

For NMR spectra "*C refer to table.

Cycloinofolioside B (3). Provided 17 mg
(0,00068%) of C, ,H_ O, melt. temp. 210-215°C
(from methanol).

IR spectrum (KBr, v, sm™): 2935 (cyclopropane
group).

PMR spectrum (CD.N, 3, ppm, J/ Hz):
1.SL;1.11(H-1), 2.43;1.94(H-2), 3.58;(H-3),
1.66(H-5), 3.73(H-6), 1.82;1.64(H-7), .95(H-8),
1.90;1.21(H-11), 1.68;1.60(H-12), 2.13;1.77(H-15),
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5.03;5.65(0OH)(H-16), 2.54(H-17), 1.43(H-18),
0.56;022(H-19), 1.32(H-21), 3.10;1.68(H-22),
2.31;2.05(H-23),  3.89(H-24), 1.58(H-26),
1.30(H-27), 1.02(H-28), 1.96(H-29), 1.44(H-30),
5.42(H-1-Glep(152) Glep), 4.13(H-2"), 4.24(H-3'),
430(H-4), 3.95(H-5"), 4.50,4.44(H-6"), 4.99(H-1"-
Glep(1-3) Agl), 4.30(H-2"), 4.33(H-3"), 4.18(H-4"),
3.88(H-5"),4.53,4.37(H-6") [3].

Acid hydrolysis. S mg of counpound 3 had
been hydrolyzed as its shown above. According to
physical-chemical constants, and according to direct
comparison with authentic samples, isolated com-
pound 5 had been identified with cyclosiversigenin.
In hydrolysate paper chromatography by compari-
son with authentic samples we had revealed xylose
and glucose.

For NMR spectra "*C refer to table.

Cyclostipuloside D (4). C, H O, melt. temp.
252-254°C (from methanol), [¢ ]} +30.0+2° (with
0.5; methanol).

IR spectrum (KBr, v, sm™): 3391(OH), 3035
(cyclopropane group).

For NMR spectra 'H and "*C refer to table.

Acid hydrolysis. 30 mg of compound 4 had
been hydrolyzed in 30 ml of 0.5% solution of metha-
nol solution H,SO, at 70 °C within 5 hours. Upon
cooling we fed 30 ml of water, methanol had been

distilled, precipitates had been filtered, dried and
chromatographed on silicagel, eluting with a chlo-
roform-methanol system (15:1). Herewith we had 8
mg of compound 6, C, H_ O, with melt. temp. 228
230 °C (ethyl acetate), IR spectrum (KBr, v, sm™):
:3420 (OH), 1648(C=C).

PMR spectrum of compound 6 (§, ppm., C D.N,
TMS): 0.92, 1.06, 1.13, 1.30, 1.34, 1.53 (6xCH,, s)
u 1.46 (2xCH,, s), 3.08 (2H, q. °J=11.9 Hz, H-22),
2.49 (1H, d.¥=7.3 Hz, H-17), 3.88 (1H, d.d. *]=8.9
and 4.4 hz, H-24), 5.08 (1H, q. J=6.6 Hz, H-16),
5.25 (1H, 9(11)- double compound, s).

For NMR spectra "*C refer to table.

Keeping elute the column with the same system,
12 mg of cyclosiversigenin has been isolated ($),
C, H, O, with melt. temp. 239-240 °C (methanol),
[al}, +49.0+2° (from 1.37; methanol). IR spectrum
(KBr, v, sm™): 3396 (OH), 3035 (cyclopropane
group).

Water solution has been heated within 3 hours,
then neutralized with barium carbonate, residues
had been removed, filtrate had been evaporated
and chromatographed on paper in the butanol-
pyridine-water system (6:4:3). Having compared
with authentic samples we had revealed glucose
and xylose.
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SYNTHESIS OF [CO(BPY)(SCN),]>* COMPLEX AND ITS
PHOTOCHEMICAL PROPERTIES IN THE SOL-GEL MATRIX

Abstract. Synthesis of [Co(bpy)(SCN), ]** complex carried and its photochemical properties
studies explored in both organic solvent and tetraethoxysilane based sol-gel membrane. TEOS based

sol-gel membrane shown suitable matrix and cobalt dye retain its photochemical properties inside the

pores of membrane. Based on spectral changes in the sol-gel ma matrix, possible changes in molecular

shape also discussed. Moreover, the sol-gel membrane confirm cobalt complex from photobleaching

or degradation.

Keywords: complex, sol-gel matrix, TEOS, absorption, immobilization, MLCT band.

Introduction

Utilization of charge-transfer dye first com-
menced when Brian O‘Regan and Michael Gritzel
reported their revolutionary work in 1991 [1]. The
general mechanisms for light-to-electrical power
conversion in dye sensitizer solar cells as followed
(i) light is absorbed by a sensitizer to form a molecu-
lar excited state; (i) the excited state may inject an
electron into the semiconductor thus causing charge
separation; (iii) the oxidized sensitizer is “regenerat-
ed” by an external electron donor. Once the electron
has performed useful work in the external circuit,
it returns to a counter electrode where it reduces
the oxidized electron donor. Hence the solar cell
is termed “regenerative” as all oxidation chemistry
at the dye-sensitized electrode is reversed at a dark
counter electrode such that no net chemistry occurs.

It is known that Ru(II) polypyridines or Ru(1I)
complexes have been used as dye sensitizer widely
because of remarkable advantages as: (i) ease of
preparation; (ii) reversible electrochemical behav-

ior; (iii) light absorption in the visible spectral re-
gion; (iv) long-lived electronically excited states;
(v) intense luminescence. These features made them
perfect choice for such systems.

Despite such favored features, there are obstacles
related to Ru which is “well-known” being high cost
(32% cheaper than gold), low abundant (78" most
abundant element!) and toxic. Hereof one could
concern to other alternatives than Ru(II) polypyri-
dines. Hereof one could concern to other alterna-
tives than Ru(1I) polypyridines. One of alternative
is copper(I) complexes which were found a possible
solution for that issue [2-6]. Being a tetrahedrally
symmetric, copp er(I) shown very promising results
with both homoleptic and heteroleptic ligands. Oth-
er preferred complexes were found to be cobalt(I1/
I11) complexes [7-12]. If one compare the structure
of copper(I) and cobalt(II/III) complexes, the for-
mer have unique tetrahedral (sometimes distorted)
shape while cobalt complexes possess octahedral
shape (Figure 1).
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Figure 1. Different coordination geometry
of Cu* and Co*2 complexes

In order to be practically useful, it is often re-
quired to immobilize molecule of interest in solid
matrices. A number of papers dedicated to these is-
sue ranging from composites to sol-gel membrane
[13-16]. Immobilization not only maintains me-
chanical stability but also may shape of the photo-
chemical properties of the dopant. Dye doped solid
materials also found their application in catalysis and
solar energy conversion systems [14-17]. The sol-
gel technology possesses the following superiority:
(i) the prepared nanoparticles have good uniformity
(particle size distribution) and high purity, (ii) it is
energy saving (because of temperature condition)
and (iii) it can be used to prepare wide range of ma-
terials as coatings, fibers, and composite materials.

In this article we propose results of synthesis
and immobilization of cobalt complex with unique
photochemical properties. In order to find suitable
environment for the synthesized dye, several matri-
ces have been examined and the most favorable one
is proposed.

Experimental

Materials and methods

Tetraethoxysilane (TEOS) was purchased from
Haihang Industry Co., Ltd (PRC). All solvents:
ethanol (EtOH), methanol (MetOH), acetoni-
trile (CAN), tetrahydrofurane (THF), dimethyl-
formamide (DMF), hexane (C_H,,), nitrobenzene
(CH,NO,), acetone (CH,COCH,), benzene (C H,),
octane (C.H, ), toluene (C_H, ) were analytical grade
and used without any further purification. Cobalt(II)
chloride hexahydrate (CoCl, - 6H,0), 2,2-bipyridine
(C,H,N,), ammonium thiocyanate (NH,SCN), hy-

drochloric acid (HCI) and nitric acid (HNO,) were
chemical pure and used as received. All buffers and so-
lutions prepared using chemical pure grade reactants
and doubly distilled water used as solvent.

Synthesis of [Co(bpy)(SCN), ]**

In order to obtain desired complex, 1 eqn. of
CoCl, - 6H,O, 1 eqn. of bipyridine and 4 eqn. of
NH4SCN weighted. Namely, tuzidan 2,38 grams of
CoCl,- 6H,0, 1,56 grams bipyridine, 3,05 grams of
NH,SCN mixed in 96% ethanol and completely dis-
solved. The reaction mixture was refluxed at 70 °C
and stirred at 600 RPM for 3 hours. The tempera-
ture was increased gradually from the room tempera-
ture to 70 °C. After 3 hours, the solution was cooled
12 hours down to the room temperature and pre-
cipitation occurred. The precipitation was vacuum
filtered and decanted with 96% ethanol for several
times until to obtain pure compound. The purified
precipitate was kept overnight at 80 °C in the drying
oven (Memmert, Germany).

Immobilization of cobalt dye in sol-gel mem-
brane

After several experiments on the condition of an
optimal sol-gel cocktail content, the following ratio
of components was chosen: TEOS, H,0, C,H OH:
HCI 1: 4: 4: 0,15 respectively in order to complete
the hydrolysis reaction, the sol mixture was stirred
for 30 minutes at the room temperature. Conse-
quently cobalt complex solution in DMF was added
dropwise and vigorously stirred another 3 hours. So-
lution of sol then remained for 24 hours in the ambi-
ent temperature for aging. Microscope slides were
taken and cut into 0.6x4 cm pieces. All glasses were
activated in the aqueous solution of nitric acid for 1
hour and rinsed with ethanol and copious amount of
water before dip coating process. Coated slides were
kept another 24 hours in the ambient temperature
and dried at 70 °C overnight.

Spectroscopic studies of prepared mem-
branes

The surface of the films was investigated using the
light microscope Optika (Germany). UV-vis spec-
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trophotometer EMC-30PC-UV (EMC Labs, Ger-
many) was used to record the absorption spectra of
the films. Elemental analysis was carried out on ED
X-ray fluorescence spectrometer NEXDE (Rigaku,
United States).

Results and discussion

Figure 2 presents electronic absorption spectra
of [Co(bpy)(SCN),]** in DMF. The absorption
maxim is seen at 479 nm and the complex appears
lilac. The spectrum considerably different form the
spectrum of aqua complex of Co*" where the ab-
sorption maximum is located around 550 nm. As
cobalt(II) has d’configuration, the expected num-
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400 500 600
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Figure 2. Absorption spectrum of
[Co(bpy)(SCN),]?* in DMF

Figure 3 shows the absorption spectrum of
[Co(bpy)(SCN), ]** in TEOS based sol-gel matrix. It
can be seen the intense band at 479 nm blue-shifts by
14 nm upon the complex immobilization. This behav-
ior was also observed elsewhere for Ru complexes in
sol-gel matrix. Changing the molecular environment
from less viscous media to the phase where free rota-
tion is limited also initiate not only the chromic shifts
in absorption spectra, but also in emission spectra.
Hereof, we concluded that transferring the complex
from the solution to the rigid membrane pores sub-
stantially improves molar absorptivity.

ber of absorption bands should be three. Although
both d-d transitions are forbidden in centrosym-
metric complexes (e.g. [Co(H,0),]**) because of
the Laporte and the parity rules, such complexes
possess low molar extinction coeflicient meaning
that less utilize the visual light (from the sun). Al-
tering the molecular symmetry from centrosym-
metric (molecule possessing center of inversion)
to non-centrosymmetric leaves only the Laporte
rule effective (Fig. 4). Moreover, planar and linear
ligands as bpy and SCN respectivelylaeds to form
more rigid molecule and may cause to the violation
of spin-forbidden rules.
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Figure 3. Absorption spectrum of
[Co(bpy)(SCN),]?* in the sol-gel matrix
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Figure 4. Centrosymmetric [Co(H,0),]** and non-
centrosymmetric [Co(bpy)(SCN),]** molecules
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Results of EDXRF analysis is shown in Fig. Sa
and S b. analysis shown that the dye doped matrix
is consisted 99.8% (mass) SiO, and 0.156% (mass)
Co. converting the elemental cobalt to [Co(bpy)
(SCN),]** gave a good consistency between the

initial and final composition of the immobilization
process. Experiments on leaching the dye from the
matrix also shown satisfying results and they con-
firmed that the sol-gel matrix is an excellent choice
for further application.
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Figure 5. a) EDXRF spectrum of low Z-region; b) mid Z-region of
the Co(bpy)(SCN),]** in TEOS based sol-gel matrix
Conclusions Spectral evaluation of complex both in DMF and

[Co(bpy)(SCN),]** complex has been syn-
thesized and its photochemical properties were
studied. The synthesized complex was entrapped
in silicate xerogels produced by the sol-gel route.

solid sol-gel matrix was discussed. Studies shown
that the sol-gel matrix is suitable environment for
the complex and the dopant retains its photochemi-
cal properties.
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DEVELOPMENT OF TECHNOLOGY FOR MAKING NANO
SORBENT FROM WOOD PROCESSING WASTE

Abstract. 100-120 g of the test drugis placed on a smooth, clean white surface and examined by
gently stirring in natural light. 20-30 g of the test drug is poured into a clean porcelain container and
the odor is determined organoleptically. If it is necessary to enhance the odor, the porcelain dish is
covered with a bottle, along with the medicine inside, and is placed in a water bath heated to boiling
and heated for 5-7 minutes, after which the odor of the drug under test was detected again. SEM of
Phenom G2 pro model was used to study the surface structure of the objects studied in the study, this
allows images up to 25 nm in magnification in the range of 80 x to 45000 x. Grinding rate and granule
size were evaluated and controlled using ANALYSETI'E22 MicroTec plus laser diffraction particle
size analyzer. This analyzer allows the determination of granulometric (mechanical) content in the
range from 80 nm to 2000 ym. A SARTORIUS MA 150 moisture meter was used to determine the
moisture content of the samples studied in the study. The samples were dried to a constant mass at

a temperature of 103 £ 2°C.

Keywords: hydrolytic lignin, porosity, analyzer, filtrate, centrifuge, mycotoxin.

Introduction

To date, machinery and technology, including
pharmaceuticals, petroleum, cosmetology, oil and
gas refining industries, as well as high selectivity in
various sectors of the economy, the demand for ef-
fective environmentally safe adsorbents is increasing
[1-5]. Preparation of adsorbents that meet such re-
quirements, the study of colloidal chemical proper-
ties of adsorbents. The study of the mechanism of
adsorption processes in them poses new challenges
to new scientific approaches, as well as to scientists
and researchers in the field.

The influence of various factors on the synthesis
of nanocarbon from the walnut peel, apricot kernel,

methane, natural gas, and propane-butane fractions
was studied and the texture and sorption character-
istics of the obtained nanocarbon were examined.
In addition, the effect of various factors on the rate
of formation of nanocarbon obtained from meth-
ane, natural gas, and propane-butane fractions was
studied and optimal conditions for the process were
proposed [6-10].

Currently, activated charcoal is used in the food
industry, medicine, and other fields for the treatment
of gases and effluents, and other water [11-12]. The
use of charcoal, for example, to purify water, allows
drinking water to meet basic requirements [ 13-16],
and the use of them as electrodes of supercapaci-
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tors allows the creation of inexpensive rechargeable
electrochemical devices with high power and energy
properties [ 17-19]. Therefore, the study of the raw
material base for obtaining activated charcoal and
improving its physical and technical characteristics
is of particular interest [20]. Its black ash, obtained
by burning walnut shells in the absence of oxygen,
has sorption activity [21].

Experimental part

100-120 g of the test drug is placed on a smooth,
clean white surface and examined by gently stirring in
natural light. 20-30 g of the test drug is poured into a
clean porcelain container and the odor is determined
organoleptically. Ifit is necessary to enhance the odor,
the porcelain dish is covered with a bottle, along with
the medicine inside, and is placed in a water bath heat-
ed to boiling and heated for 5-7 minutes, after which
the odor of the drug under test was detected again.
SEM of Phenom G2 pro model was used to study the
surface structure of the objects studied in the study,
this allows images up to 25 nm in magnification in the
range of 80x to 45000 x.

Methods for determining the granulometric
content. Grinding rate and granule size were evalu-
ated and controlled using ANALYSETTE 22 Micro-
Tec plus laser diffraction particle size analyzer.

ANALYSETTE 22 MicroTec plus

Figure 1. ANALYSETTE 22 MicroTec plus: a
unit for determining the unit of measurement
for dry and wet samples using a laser

This analyzer allows the determination of gran-
ulometric (mechanical) content in the range from
80 nm to 2000 pm. A dispersion block in a liquid
medium is used to prepare a sample of hydrolytic

lignin for analysis. In determining the granulomet-
ric composition of the finished product form of a
complex nano sorbent (micro granules), the prepa-
ration of the sample is carried out in a dry disper-
sion block.

A SARTORIUS MA 150 moisture meter was
used to determine the moisture content of the sam-
ples studied in the study.

e

Figure 2. SARTORIUS MA 150:
Moisture measuring device

Robust design, along with low space require-
ments and convenient operation, is key features of
these analyzers. Fully automatic drying of the sample
until a constant weight is achieved eliminates the
need to program the endpoint removal parameter.
Itis possible to weigh from 1 mg to 150 g of product.
The operating temperature is in the range of 40 °C
to 220 °C at a temperature acceptable. The samples
were dried to a constant mass at a temperature of
103 +2°C.

Method for determining the ash content of
raw materials. The porcelain crucible is fired in a
muflle furnace to a constant mass, cooled in a desic-
cator, and weighed.

A portion of lignin weighing 2-3 g is weighed, the
result of weighing is written with the accuracy of the
third fraction in grams, and is placed in the crucible.
The sample crucible is placed in a hood over an elec-
tric stove, burned without a flame, then baked in a
mulffle furnace at a temperature of 800-850 °C for 2-3
hours. After roasting, the crucible is cooled in the air
for S minutes, then cooled in a desiccator, after which
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itis pulled. Bake for another 30 minutes until the mass
is less than 0.001 g. The mass fraction of ash (X ) asa
percentage is calculated according to formula 1:

— 100 1
(A 1)

100
where, m is the mass before drying, g,

m, —mass after drying, g,

W - humidity of the sample under study,%.

The result of the analysis is taken as the arithme-
tic mean of two parallel determinations, the allowable
differences between them should not exceed 0.01%.
A test sample of 20 g of hydrolytic lignin is placed
in a beaker with a capacity of 600 cm® and weighed
to the second fraction. Add 100 cm® of hot distilled
water, mix well with a glass rod and leave for 5-
—10 minutes. The precipitated solution is filtered under
avacuum in a porcelain funnel through a paper filter.

Another 100 cm’® of hot distilled water is added
to the sediment of the sample being tested in the
beaker, mixed, and filtered under vacuum. This
wash is repeated 3—4 times (according to the meth-
yl orange indicator) until the water is neutral. The
volume of washing water is transferred to a mea-
suring tube with a volume of 500 cm?, the volume
is adjusted to the mark with distilled water and
mixed. 25 cm’ of the resulting solution is titrated
with 0.1M sodium hydroxide solution in the pres-
ence of methyl orange indicator.

The mass fraction of acids (in terms of sulfuric acid)
is calculated as a percentage according to formula 2.
V.K-T-V,

100

Here, V is the volume of 0.1M NaOH solution
used for titration, cm?

K- correction factor for the titer of 0.1 M NaOH
solution

X, =

X, = -100 (2)

0.0049 —a mass of sulfuric acid per 1 cm® of solu-
tion with a net concentration of 0.1mol/dm’ g

V, —the volume of washing water obtained for
titration, cm?®

V, - total volume of washing water, cm’

m — the mass of sample, g

W —humidity of the detected sample,%

The result of the analysis is taken as the arithmetic
mean of two parallel determinations, the allowable
differences between them should not exceed 0.01%.

Approximately 10 g of the analyzed lignin sample
is weighed (by absolute dry matter) (the result of
weighing in grams is written to the second decimal
place), into a flask, add 100 cm?® of water, and boil
for 3 minutes. Stop the flask with the return current
capacitor. The substances in the tube are then quickly
filtered under vacuum through a paper filter, and the
first parts of the filtrate are discarded. The filtrate is
cooled and its pH is determined. A pH - 150 MI mil-
livoltmeter was used to determine the pH. The result
of the analysis is taken as the arithmetic mean of the
results of two parallel determinations, the absolute
discrepancy between them does not exceed the al-
lowable difference of 0.2.

A portion of the airdry lignin (approximately 2 g)
is poured into a 250 ml conical flask and filled with
100 ml of distilled water. A return flow condenser is
attached to the flask and placed in a boiling water bath
and the water level in the bath should be slightly high-
er than the water level in the tube. Extraction is carried
out for 3 hours. The lignin suspension is then filtered
by vacuum in a porous glass filter dried to a constant
mass and washes the lignin from the tube to the filter
with hot water. The lignin filter is dried and weighed
to a constant mass in an oven at 103 + 2°C at a con-
stant weight. The mass fraction of water-soluble sub-
stances (3, , ) and the fraction of absolute dry lignin
are calculated according to formula 3.

3,. _m=(m=m) oo (3)
mZ

Here, m is the filter mass with lignin residue, g

m, —empty filter mass, g

m, —absolute dry lignin sample mass, g.

The result of the analysis is taken as the arithmetic
mean of two parallel determinations, the allowable
differences between them should not exceed 0.02%.
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A portion (2-3 g) of airdrying lignin is poured
into a liner wrapped in filter paper. A lignin sleeve
is placed in the nozzle for removal and the level of
lignin in the sleeve should be 1 ... 1.5 cm below
the level of the siphon pipe. Pour 200 ml of solvent
(alcohol: benzene mixture in a 1 : 2 ratio) into the
flask. The instrument for extraction is collected and
placed in a water bath. The bath temperature is set
at 5-10 °C above the boiling point of the solvent.
Water is fed to the refrigerator at a rate that ensures
complete condensation of the solvent vapors.

Extraction is continued for 4-5 hours, after
which the apparatus is removed from the bath, and
the nozzle is separated from the tube and the refrig-
erator. The extract is poured into a dried flask to a
constant mass (pour into a flask dried to constant
weight) and the solvent is distilled in a water bath.
The tube with cubic residues is dried in an oven at
103 +2°C to a constant mass and weighed.

The mass fraction of soluble substances in or-
ganic solvents (3, , ) is the proportion of absolutely
dry lignin calculated by formula 4.

_m—-m
3,, = " 1100 (4)

Where m is the mass of the flask together with
the extract substance, g

m, —the mass of empty tube, g;

m, —the mass of absolutely dry lignin, g.

The result of the analysis is taken as the arithmetic
mean of two parallel determinations, the allowable
differences between them should not exceed 0.2%.

The device is assembled for testing, the general
view of which is shown in Figure 13.

When a vacuum network is available, pump 1
is removed and the rest of the system is connected
to the vacuum line. Clamp 3 serves to introduce air
into the evacuation system and uses a front vacuum

pump. It also serves to regulate the vacuum measured
with a pressure gauge 4. When operating with a wa-
ter flow pump, the vacuum is regulated by changing
the water flow rate with a water tap. Tube 2 acts asa
buffer tank. Valve S is used to shut off tube 7.

Figure 3. Device diagram for detecting open
porosity: 1 —water flow pump, 2 — double-
necked tube, 3 —clamp, 4 — pressure gauge,
5 - connecting tap, 6 — funnel, 7 — suction tube

The test sample is averaged and reduced to a vol-
ume of about 25 cm?’, is dried in a layer of not more
than S mm for 1 h (105 £ 2) °C. 10 + 0.1 cm® of the
dried sample is poured into the measuring cylinder
with a slight shaking, transferred to a pre-weighed
weighing bottle, closed with a lid and weighed with
an error of not more than 0.01 g. The sample is poured
through a funnel into a conical flask,100 cm® of water
is poured into it and its level is recorded.

The contents of the flask are boiled for (15 + 1)
minutes, after which cold distilled water is added
to the initial volume and the outer surface of the
tube is cooled to room temperature with tap water.
A paper filter is placed on the bottom of funnel 6
and moistened with water. When valve S is closed,
a vacuum (60 * §) mm of mercury is generated in
the system, then a vacuum is created in the tube by
turning the tap S, after which the tube is turned off
again. During assimilation of the filter, care must be
taken to insure that it is firmly attached to the bot-
tom of the funnel and that the connecting hoses are
not twisted. The contents of the conical flask are
poured into the suction funnel without loss and the
sample is flattened with a spatula on the filter surface.
Turn the tap to (60 = S) mmHg (mercury column)
maintaining the vacuum, and assimilation begins.
The stopwatch was started at the same time. After
3 minutes, the test sample is transferred to a weigh-
ing bottle before weighing. The rest of the sample
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in the filter is removed with a spatula, transferred to
the vial without loss, and closed with a lid. The wet
sample weighing bottle is weighed with an error of
not more than 0.01 g no later than 3 minutes after
the end of suction. The tap is turned off, the filter
is removed from the funnel, water is poured from
the tube and the device is prepared for the next test.
V, - the total volume of pores (cm?/g) is calculated
using formula 5.

v, =07 00 (3)
m-p

Here, m is the dry mass, g,

m, —wet mass, g;

p —water density, g/cm’.

The density of water is calculated as 1 g/cm?® for
any room temperature up to 35 °C. The test result is
taken as the arithmetic mean of two parallel deter-
minations, the allowable differences between them
should not exceed 4% of the smaller value.

The method of sorption-desorption of molecular
nitrogen allows the dead analysis of micro-and meso
cytes, their size distribution, and determination of

surface area.

Figure 4. ASAP 2020 Micromeritics: a device for studying
the nano-porous structure of hydrolytic lignin

To study the nano-porous structure of hydrolyt-
ic lignin, we analyzed the surface area using physi-
cal sorption methods ASAP 2020 Micromeritics
(USA) and we used an automated system for to
study of the porous structure of materials. This sys-
tem allows to determination of the surface area, as
well as a complete analysis of micro-and meso cytes,
distributing their volume. Hole diameter measure-
ments range from 0.35 to 100 nm.

Build a calibration graph. Comparative solutions
are prepared to construct the calibration curve. To do
this, 0.5 is added to 10 measuring tubes, each with a
capacity of 50 cm’; 1,05 1,5; 2,0; 3,0; 4.0; 5,0; 6,0; 7,0;
8,0 cm® of indicator solution (1500 mg / dm?) is then

added to the volumes with water at the specified tem-
perature (20 £ 2 °C). The resulting solutions contain
1 dm3, the density of the indicator is 15, respectively;
to equal 30; 45; 60; 90; 120; 150; 180; 210; 240 mg/
dm?®. The optical density of the reference solutions is
measured on a blue light filter photo electro calorim-
eter with a wavelength (1) of 400 nm in cuvettes with a
light-absorbing layer thickness of 10 mm. Distilled wa-
teris used as the element. Based on the obtained data,
a calibration graph is constructed because the optical
density of the solutions depends on the mass concen-
tration of the reference solutions. Analysis. Approxi-
mately 0.1 g of the test drug, previously dried to a con-
stant mass, is weighed (the weighing result is recorded
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to the nearest third decimal place). The weighed part
of the drug is poured into a 50 cm® conical flask,
25 cm?® of indicator solution is added, is closed with a
stopper, and shaken in a device to shake the liquid in
the container for 20 minutes. After shaking, the sus-
pension is transferred to centrifuge tubes and centri-
fuged for 15 minutes, S cm from the clarified solution
is carefully pipetted and its optical density is deter-
mined. If the optical density of the clarified solution
exceeds 0.8 optical units, it is transferred to measur-
ing tubes of 25 or 50 cm?®, depending on the optical
density of S cm?® of the solution. The solution in the
flask was diluted with distilled water to the specified
mark. After dilution, the optical density of the solu-
tion should be 0.1 to 0.8 optical units. In this case, the
dilution coeflicient is S or 10.

Based on the obtained value of the optical den-
sity, the residual mass concentration of the indica-
tor in the detected solution is determined using the
calibration curve. Processing of results. The adsorp-
tion activity on the indicator (X,) is calculated using
formula 6 in milligrams per 1 g of product.

X, - (C,-C,-K)-0.025 6)

m
Here, C, — mass concentration of initial indicator

solution, mg / dm’;

C,—mass concentration of the solution after con-
tact with the test sample, mg/dm?’.

K - the dilution coefhicient of the solution ob-
tained for analysis after contact with the sample;

m — the weight of test sample, g;

0.025 - the volume of indicator solution obtained
for determination, dm?

The result of the analysis is taken as the arithme-
tic mean of the results of two parallel determinations,
the absolute discrepancy between them shall not ex-
ceed a difference of 10 mg per 1 g of the permissible
test sample.

Preparation of a standard solution of mycotoxin at
a concentration of 1000 ug/cm?’. The standard 5.0 mcg
dry mycotoxin by net weight should be dissolved in
S ml of methanol.

Preparation of a working solution of myco-
toxin. Approximately 10 ml of 0.1 M phosphate
buffer solution pH = 6.5 is required to prepare the
working solution of mycotoxin and a 50 pl standard
solution of the selected toxin in methanol should
be added at the adjusted concentration. A 50 cm?
volumetric flask is labeled with 0.1 M phosphate
buffer solution pH = 6.5 to calculate that the toxin
concentration in the working solution is 1000 pg /
dm?, and mix well.

Analysis. 0.001 g of the weighed sample (clearly
weighed) is poured into an Eppendorf-type solu-
tion with a volume of 2 cm?®. To the same solution
is added 1 cm? of the working solution of the toxin.
The sorption process is carried out for one hour at a
temperature of 37 °C in a thermos shaker at a speed
of 1400 rpm. The resulting suspension is centrifuged
for S minutes at a speed of 10.000 rpm. The obtained
supernatant and starting solution used “RIDAS-
CREEN” test systems for in vitro analysis according
to the method proposed by the manufacturer of the
solution (R-Biopharm AG, Germany) case is ana-
lyzed for the number of mycotoxins in it by the meth-
od of competitive immuno enzyme analysis. For 1
mg of sorbent, the sorption capacity of the sorbent
substance is calculated according to formula 7:

. - C... —-C
Sorptionability =—"1itl__—r 7)

mH
Here, C initial the composition of the toxin in the

working solution, mkg;

C - the content of residual toxin in the working
solution after the sorption process, mkg.

m_—mass of sorbent sample, g

Cop6cust ponsu 8-popmyaa braaH XucobAaHAAN:

Sorption% _ G =€, 100% (8)
initial

Here, C_  —thevalue of the toxin concentration
in the working solution, mkg/cm?®.

C —the value of the residual toxin concentration in
the working solution after the sorption process, pg/cm?

The results of the analysis are the arithmetic
mean of the three parallel determinations.
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Preliminary studies of mechanic activation in
wood processing wastes such as wood shaving, Cel-
lulose lignin, and hydrolytic lignin have been con-
ducted. Based on several characteristics obtained,
hydrolytic lignin was selected as the main research
object. Pre-ground and dried hydrolytic lignin is a
free-flowing sawdust-like mass of brown color with
a small addition of partially hydrolyzed sawdust.

The chemical analysis showed that “Seasoned” hy-
drolytic lignin does not contain free sulfuric acid, be-
cause of the high content of ash components (28.9%)
and it is washed away for many years by atmospheric
precipitation during storage in the open air.

Microphotographs clearly show the structural
properties of hydrolytic lignin, which partially retains
the anatomical structure of the original wood. An
evolved system of capillary cavities of various sizes is
observed, from the internal cavities of the cells to the
pores in the walls, to the micro-cavities of the layered
structure. A closer examination reveals the structure of
the strongly lignified primary wall and the true median
lamina protruding from it. Numerous layers of the sec-
ondary cell wall with highly developed interfibrillar
porosity are also clearly distinguishable.

Conclusion

1. The use of mechanically activated hydrolytic
lignin as the basis of a complex nano sorbent is most
preferable.

2. Mechanical activation of hydrolytic lignin is
purposefully carried out in one cycle, at a rotation
speed of S000 rpm.

3. All studied specimens are characterized by the
absence of micropores, the significant size of meso
cytes, and the significant outer surface.

4. Mechanically activated lignin can be the basis
of a nanoporous sorbent and a carrier of other sorp-
tion systems.

5. Polysaccharide components of yeast biomass
and natural aluminosilicates and others can be used
as such sorption systems.

6. For various purposes, such complex sorbents can
be used as entero sorbents for the purification of drink-
ing and wastewater, the separation of heavy metal ions
from multi-component solutions, and the removal of
toxins from the bodies of animals and humans.

7. For each specific sorption system, the com-
plex nano sorbent composition must be optimized
to achieve maximum efliciency.
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SYNTHESES AND TECHNOLOGY OF 2-BROMO-SUBSTITUTED BIS-
CARBAMATE DERIVATIVES, PROPERTIES AND THEIR APPLICATION.

Abstract. The article studied the synthesis of N, N'-hexamethylenebis[ (2-bromophenoxy)-carba-
mate], The products of N, N'-dichloro substitution, N, N-dinitroso substitution, N, N-disodium sub-
stitution and N, N-dibenzyl substitution were studied N, N'-hexamethylenebis[ (2-bromophenoxy-
carbamate] formed during the synthesis. Reaction centers and the reaction mechanism involved in

the synthesis of these substances have also been proposed. proved by IR spectroscopy.The process
used organic solvents and catalysts.The reaction yield was from 90.6% to 93.3%.The biological activity
of the obtained substances was studied and compared with the Roslin preparation.

Keywords: 2-bromo-substituted bis-carbamates, N, N-hexamethylenebis[ (2-bromophenoxy)-
carbamate], N, N-dichloride, N, N*-dinitroso, N, N*-disodium, N, N-dibenzyl.

Introduction. Today, the modern search for the
chemistry and properties of bis-carbamate com-
pounds that are currently intensively developing are
attracting the attention of many researchers, both in
Uzbekistan and abroad [ 1-4]. This is connected, on
the one hand, with the rich possibilities of phenyl,
carbamate, halogen, polyhydrocarbon groups in
the molecules of organic compounds, and, on the
other hand, with the properties of the most organic
compounds, valuable for practical use, bromophe-
nyl groups, as well as bis-carbamate bonds. Many
examples are written when the introduction of
halogen- and phenyl-carbamate bonds leads to the
appearance of various kinds of gamma — possessing
biological, pharmacological activity, the ability to
inhibit the corrosion of metals, coatings, stabilizers
for halogen-containing polymers, impregnations,

and also, as anti-aging of vulcanization of rubbers,
the creation of a solvation theory intensification of
the processes of dyeing and printing fabrics from
natural and chemical fibers in liquid ammonia and
organic solvents[ 5-8]. In addition, the study of the
regularities of solid-phase fixation of dyes from tex-
tile materials, the creation of the theoretical foun-
dations for the use of bio-catalytic systems for the
processes of enrichment of tequistyle materials, the
plasma-chemical activation of fibers that form poly-
mers, the use of high-frequency fields and microwave
radiation in chemical-and-chemical production is of
great importance [9-12].

This is explained by the high reactivity of the
highly diverse functional group to complex forma-
tion. It was necessary to determine high-precision
unique optimal methods for the introduction of bis-
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carbamate groups into the indicated types of com-
pounds and to study the dependence of the reactions
used due to the mobile proton at N-H substituting
functional groups. As a result, a new, previously
poorly studied and represented by only the simplest
examples, a region of derivatives of two bromophe-
nyl-containing bis-carbamates appeared [13-17].

Metods and materials. 1. Synthesis of N, N'-
hexamethylene bis [(2-bromophenoxy)-carba-
mate]. Into a three-necked flask, equipped with a
reverse actuator with a calcium chloride tube, me-
chanical stirrer, thermometer and dropping funnel,
placed 17.3 g (0.1 mol) of 2-bromophenol in 50 ml
of DMF, 25 ml triethylamine, and while stirring,
8.5 ml (0.05 mol) of HMDI was added dropwise
from a dropping funnel. The reaction continued for
4-S5 hours at a temperature of 28-49 °C. The pre-
cipitate was filtered off, washed with distilled water
2-3 times, and dried at room temperature. Appear-
ance white-grayish powdery product. Yield 23.83g
(92.4% of theoretical): T.melt. =107-108°C;
Rf =0.75; M =513.8. The individuality of the ob-
tained product was checked by TLC on a fixed layer
(ALO,) II degree of purity in the system: (C H,:
CH,COOC,H._: 4); Found,%: C 46,59; H 4,17;
NS$,41; Br 30,88 Calculated for C, H, Br,N.O,,%
C46,71; H 4,28; N5,45; Br 31,10:

2. Preparation of N, N'-dichloro-N, N'-hexa-
methylene bis [(2-bromophenoxy)-carbamate].
Into a three-necked flask, equipped with a reverse
actuator with a chlorine tube, automixer and ther-
mometer, 5.14 g (0.01 mol) of N, N'-hexamethylene
bis [ (2-bromophenoxy)-carbamate], 60 ml carbon
tetrachloride, 27.0 g of wet alumina and 4.8 g of
calcium hypochlorite was added dropwise at 37 °C
for 4 hours. Then the reaction mass was left for 33
hours. The precipitate that formed was filtered off
and washed with ether. Received 5.28 g (90.6% of
theoretical); T.melt.=89-90°C; Rf=0.73; M. =582..8;
Found,%: C 41.04; H 3.33; N4.79; Cl 12.07;
Br 27.14 Calculated for C, H, Br,CLN O,%:

207 720 27274

C41.18; H 3.43; N4.80; C112.18; Br27.26

3. Obtaining N, N'-dinitroso-N, N'-hexa-meth-
ylene bis [(2-bromophenoxy) -carbamate]. To a
suspension of the composition 5.14 g (0.01 mol) of
N, N'-hexamethylene bis [(2-bromophenoxy)-car-
bamate], 70 ml of 98% formic acid with stirring and
cooling to 0-5 °C in portions over 1 hour was added
0.13 mol of NaNO,, then stirring at the same tem-
perature, the reaction was continued for 1 hour. TLC
analysis of the reaction mixture every 6-10 minutes.
The formed precipitate was filtered off, washed with
50 ml of ice water, and dried in air at room tempera-
ture. For methods (A-D), the filtrate was extracted
with ethyl acetate (2 x S0 ml), washed with ice water
and 5% aqueous soda solution, dried with magne-
sium sulfate and evaporated to dryness. For all meth-
ods (A-D), precipitates and residues after evapora-
tion of the extracts were combined. The obtained N,
N'-dinitroso compounds-N, N'-hexamethylene bis
[ (2-bromophenoxy)-carbamate] were determined
by Rf, washed off with acetone sorbent. The solvent
was evaporated to dryness at room temperature in a
desiccator vacuum. The N, N'-dinitroso derivative
of N, N'-hexamethylene bis [(2-bromophenoxy)-
carbamate] was recrystallized from hexane and ethyl
acetate. Product (3) yield -5.32 g (93.3% of theo-
retical); R=0.71; M =571.8; T.melt.=330 °C (de-
composition). Found,%: C 41.82; H 3.36; N9.66;
Br27.97; Calculated for C, H, N Br,O %: C41.97;
H 3.49; N9.79; Br 27.94.

4. N, N'-dibenzyl-N, N'-hexamethylene bis
[ (2-bromophenoxy) -carbamate]. In a three-necked
flask equipped with a return flow with a calcium
chloride tube, with an auto mixer and a thermome-
ter, 5.38 ¢ (0.01 mol) of N, N'-disodium-N, N'-hexa-
methylene bis [(2-bromophenoxy)-carbamate], 40
ml dry benzene. 2.4 ma (0.02 mol) of benzyl iodide
was added dropwise while changing slowly. The mix-
ture was then stirred for 13 hours while heating in a
boiling water bath. After cooling, 25 ml of water was
added, the precipitate was separated and recrystal-
lized with 50% alcohol. Product yield (5) - 6.33 r
(91.4% from theoretical); T.melt.=168-169°C;
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R =0.76; M, =693.8; Found,%: C 58.69; H 4.83;
N3.89; Br 22.89; Calculated for C, H, Br,N O ,%:
C58.80; H 4.90; N4.03; Br 23.03.

N, N'-diisopropyl-N, N'-hexamethylene bis
[(2-bromophenoxy)-carbamate] Obtained simi-
larly by the above-described method. Interactive
compounds (IV) (CH,),CHJ and CH,]J connections

received (6) and (7) with outputs 90,2% and 87.3;

Results and discussion: New derivatives of N,
N'-hexamethylene bis [ (2-bromophenoxy)-carba-
mates] were obtained by the interaction of ortho-
bromophenol with hexamethylene diisocyanate.
Selective, energy-saving, waste-free technological
synthesis was carried out according to the scheme:

<:2}(:):H4 OZC:NJAVAVAN:C:O+-H6

The reaction is carried out in a medium of dimeth-
ylformamide and triethylamine at room temperature
for 4 hours. It should be noted that derivatives of N, N-

+DMFA Br
+Et;N

Br 1

hexamethylene bis [ (2-bromophenoxy)-carbamates]
were obtained in a rather high yield. Physicochemical
parameters of compounds (1) are given in (table 1).

Table 1.— Physicochemical parameters of compounds (1)

Structural f lal Out. | T.melt Element. Analysis,%
ructuralformuta) Lout- 'Te 7| R. | Grossformula | Calcul. Find. M
Names put,% C f M
N | Br | N Br
<:?OCNJ”VAVANCO 107-
B O H H O ) 92.4 108 0.75|C,,H,,Br N,O,|5.45|31.1|5.41|30.88/513.8

High density, selectivity and easy mobility of the
@

electron cloud group—N = C = O cause its high re-
activity. The product yield was 92.4%. As expected,
the products were obtained with good yields by the
mechanism of the AN reaction. The physicochemical
characteristics of bis-carbamate derivatives are ap-
parently due to the high density and easy mobility of

the electron cloud conjugated (— N = 8 = O) group,
which leads to an increase in the positive charge on
the carbon atom of the isocyanate group, facilitating
the attack of this atom by the nucleophilic agent, this
is the answer to the question of whether this occurs

by increasing the positive charge on the carbon atom
or by stabilizing the transition state. However, in our
case, ~OH hydroxyl group, having a free pair, attacks
the electrophilic center in the isocyanate molecule
with the formation of an intermediate product (C),
which then rearranges into the final reaction product.

On the basis of our proposals and literature data,
the probable mechanism of the interaction of 2-bro-
mophenol with hexamethylene diisocyanate can be
represented by the following scheme:
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Br

One of the starting reagents was purified using
preparative thin-layer chromatography on Al O, in
the system (HCOOH: CH,COCH, CHCL=0.5:

Br 1

4.5: 1.0).To prove the structure of N, N'-polymeth-
ylene Dbis-[ (2-bromophenoxy)-carbamate], the
method of IR spectroscopy was used (Table 2).

Table 2.- IR — spectra of compounds (1)

IR- spectra, v, sm™*
Structural formula —N— —N-C-0— | —C— N_CH
I S e S VAV A s
o—chW N—C—0 2038—
o o 3394 | 771-726 1284 1690 |721-767 2942, 3.35
Br Br

To study the reactivity with respect to N-H
reaction centers, N, N'-hexamethylene-bis-[(2-
bromophenoxy)-carbamate], we carried out rare re-
actions: N, N'-dinitrosisation, N, N'-dichlorination,
N, N'-dimetallization and N, N'-dialkylation.

Chemical transformations of N, N'-poly-
methylene bis[ (2-bromophenoxy)-carbamate].
Obtaining N, N'-dichlorinated compounds (1).
Derivatives of N, N'-polymethylene-bis[(2-
bromophenoxy)-carbamate] (1) are the most valu-

able raw material for the further synthesis of various
biologically active compounds used in engineering,
agriculture, and also have a high reaction center of
the N-H group for carrying out reactions of nucleo-
philic and electrophilic substitutions. We have devel-
oped an efficient, affordable, cheap, stable and envi-
ronmentally friendly method for carrying out the N,
N'-dichlorination of a bis-carbamate derivative with
calcium hypochlorite on wet alumina.
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Qs pe

nCa(OCl), _
T ALOs

Table 3.- Physicochemical characteristics of compounds (2)

Element. Analy-
Compound 2| Out |T.melt sis, %
Structural formula put,%| °C R, | Grossformula Calcul. | Find. M,
N|Cl|N ]| C
O*C*NWNfcfo
I 5Ll 90.6 |89-90|0.75| C, H, Br,CLN,O, [4.8|12.1| 4.7 [12.07|582.8
Br Br

Outlet conections (2) —90.6%. T.melt= 89-90°C;
Physicochemical parameters are given on the table 3.

Preparation of N, N'-dinitroso derivatives of
compounds (1): The reactions of N, N'-dinitrosida-
tion of compounds (1) are comparatively little studied
in the world literature. According to the literature and
our own research, nitrogen atoms associated with the

O H H O
Br Br

The attacking agent is nitrosonium ion —I?f Since
nitrous acid, which is the most common nitrosating
agent, which exists in free form, sodium nitrite and
a strong acid were used for the process (HCOOH).
The resulting nitrous acid, attaching a proton, gener-
ates ion ¢

an ~NO:HNO, + HY =———>

@ ©)
<—> H,;NO, <—> NO + H)O
©)
NaNQO,; + HCOOH «  » H;NO,

®
H,NO,

-

@
<«—>» NO + HCOONa + H,O

NaNOz/HCOOH % N N
o
t=0-5"c 0 INI I‘\I

polymethylene -(CH,) -chain react with nitrosose. As
a result of the reaction of N, N'-dinitrosidation, N, N'-
hexamethylene-bis[ (2-bromophenoxy)-carbamate]
(1) with NaNO, (in excess) in 98% HCOOH at a
temperature of 0-5°C, N, N'-dinitroso-substituted (3)
with a yield 93.3%.N, N'-dinitrosisation proceeds by
the mechanism of electrophilic damage (S ).

B

N, N'-dinitrosation is carried out while coohng
the reaction mixture: an increase in temperature is
undesirable, since this reduces the yield of the target
product, and sometimes affects the direction.

N, N'-dinitroso compounds are identified by ab-

N

N—N=O0O group.

A stripe in the area 1500-1420 sm™ for
/N*N:O group(table 4).

Br

sorption bands

Table 4. — IR — spectra of compounds (3)
IR — spectra, v, sm™
Connection name -CHo- >Nfi*0* Q >N7N:0 C-Br 7(\(\;7 VAVAVAN
O*C*NWNfcfo
o Iﬁ Iﬁ o 2920 | 1621 | 771-736 |1500-1420|654 | 1690 | 768-732
Br 0 0 Br
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In addition to spectral data, the structure of
N, N'-dinitroso compounds was additionally con-
firmed by a chemical method, i.e. by reaction of N,
N'-dinitrosoation products with amines. The reac-

o
Oﬂ”f
O H

Br
Thus, the resulting compounds once again
prove that the nitrogen atoms bound to the poly-
methylene chain are subjected to nitrosation at N,
N'-dinitrosidation of -N, N'-hexamethylene-bis
[ (2-bromophenoxy)-carbamate].

tion of N, N'-dinitroso-N, N'-hexamethylene bis
[ (2-bromophenoxy)-carbamate] with aqueous solu-
tions of ammonia with cyclohexylamine gave mono-
and 1,3-disubstituted carbamates [26-27].

SV oo (O +a( )t A9
H 1 °

+ 2N, A
Y “ﬁ 0
0 N O
br i ! Bl

These conclusmns are in good agreement with
the literature data [26-27]. Physicochemical param-
eters of the compound (1) on table S.

Table 5.— Physicochemical characteristics of compounds (3)

Element analysis,%
Structural formula Out T.Znelt R, |Gross formula| Calcul. Find M,
put% C £ N N
Ty O
0 H N O 933 | 330 |0.71 |C, H, NBrO, 9.79 9.66 571.8
’ o]

Preparation of N, N'-dibenzyloyl-substitut-
ed bromo-carbamate derivatives of compounds
(1).Dibenzylation at N-H groups in bis-carbamates
(1) with benzyl iodides is of undoubted interest for
establishing the reactivity of compounds (1). Ben-

zylation reactions were carried out, the interaction of
N, N'-disodium derivatives of N, N'-hexamethylene
with benzyl iodide in anhydrous benzene at a tem-
perature of 35-48 °C and benzyl iodide was added
dropwise with stirring for 4.5 hours.

+2 @—CHQJ / abe. CgHg

o—cx/V Ve e
O Na Na O -ONaJ

The occurrence of the benzylation reaction ex-
clusively at the N, N'-nitrogen atom is explained, ap-
parently, by the relatively easy dissociation of sodium
from this atom after the presence of neighboring car-

bonyl groups. The connection (§) yield was ~91.4%.
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Table 6.— Physicochemical characteristics of compounds (5)

Element.
Out- | T.melt analysis,%
R, f 1 ; M
put% ¢ | Grossformula Calcul| Find “
Structural formula N N
O CH, H,C O
ir B 91.4 |168-1690.76 | C_H BrN,O, | 403 | 3.89 |693.8

Physicochemical characteristics of the drug (5),
given on the table 6.

Similarly, according to the method described
above: N, N'-diisopropyl- N, N'-hexamethylene bis
[(2-bromophenoxy) -carbamate] in 90.2% yield,
T.melt.=111-112 °C and N, N'-dimethyl- N, N'-
hexamethylene bis [ (2-bromophenoxy) -carbamate]
was obtained using the above-described method
with a yield of 87.7%; T.melt.=97-98°C.

Regulating activity of compounds: For the
growth of the stimulating medium of compounds
N, N'-hexamethyl bis [ (2-bromophenoxy) -carba-
mate], tests in the laboratory of plant chemistry of
the Academy of Sciences of the Republic of Uzbeki-
stan in laboratory conditions, biot cultural services
served vegetable and cotton seeds. In the experi-
ments, cucumbers of the “Uzbekistan-740” variety,
tomatoes of the “Temp” variety and medium-staple
cotton of the “6524” variety were used. The prepa-
rations were dissolved in DMF and the method of

pre-sowing seed soaking was used for 18-20 hours;
0.01; 0.001; 0.0001 and 0.00001%. Repetition of
experiments 4" fold. Accounting for measuring
the length of the stem and root in 10-day-old cot-
ton seedlings. It was accepted that all drugs tend to
stimulate muscle growth, both in vegetables and cot-
ton. Primary screening was carried out according to
the method of Yu. V. Rakitin. This method allows
you to quickly determine the degree of physiological
activity of new chemical compounds, which reveals
the stimulation or inhibition of the germination of
plant seeds, as well as by changing the length of the
roots and the length of the stem part. The prepara-
tions were tested for seed locks in solutions of dif-
ferent concentrations, followed by germination in
Petri dishes. Control seeds were soaked in distilled
water. Each series of experiments is accompanied by
control. The control variants and the culture medium
of the experiments are fixed 3.5, 7 and 10 days after
inoculation (table 7).

Table 7.— Effect of preparation 1 on seed germination and growth cotton seedlings “S-6524"

Cotton
Experiments | Concent- Germina-
] . o Root Stem
Drug ration,% tion, °C
growth,% growth,%

Control-water b/0 100.0 100.0 100.0
0.1 100.0 114.3 106.3

0-coy VAVAVAVIFEN 0.01 87.0 93 92

O H H O 0.001 91.0 109 96
Br Br 0.0001 97.4 156.3 139.6
0.00001 95.1 117.6 121.5
Roslyn — (famous) 0.75-1.0 96 103.3 102.7
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The study of the studied drug on the growth-stim-
ulating activity of cotton shows, that the drug con-
tributed to the germination of seeds and the develop-
ment of the seedling system. Thus, the preparation of
(1) N, N'-hexamethylene bis [ (2-bromophenoxy)-
carbamate] -when using 0.0001% and 0.00001% ac-
celerated the growth of the root and stem of seeds
above the control (table 7).

It was found that when soaking tomato seeds, the
compounds (1) in total: N, N'-hexamethylene bis

[ (2-bromophenoxy)-carbamate]:0,1;0,01;0,001%
(7,500 times dilution) helped to increase their ger-
mination, most efficient germination improved en-
vironment improved by drug study (1), outstripping
control by 56%. The best effect of stimulation of the
roots of roots and stems of tomato seedlings was ob-
tained by us when the seeds were soaked in a solu-
tion with the preparation (1), the stimulation of root
growth was 77%, and the stem part 49% compared
to control (table 8).

Table 8.- Effect of preparation 1 on seed germination and growth of tomato seedlings “TEMP”

Experiments| Concent Germination, Root Tomato Stem
1 (V) 0,
Drug (1) ration,% |seed 2,3, day,% growth,% | growth,%
Control-H O b/0 58.0 100.0 100.0
0.1 60.0 129.2 136.3
Ofﬁﬂ‘]wﬁq,ﬁfo 0.01 57.0 148.6 139.7
) Il 0.001 59.0 153.4 144.5
Br Br 0.0001 60.0 177 149.2
0.00001 57.0 138.7 125.6
Roslyn — (famous) 0.75-1.0 56.0 107.4 104.5

tration of 41.4% increased control, and also, respec-
tively, compared with the control (table 9).

The effect of preparation 1 on seed germination
and growth of seedlings of cucumbers variety “Uz-
bekistan-740".

Study of the drug (1) for growth stimulation of
activity on cucumber seeds of minor effects. The
growth impulse is mainly observed in the stem of
the seedlings. The drug (1) N, N'-hexamethylene
bis [(2-bromophenoxy)-carbamate] — at a concen-

Table 9.
. L Cucumbers
Experiments | Concentra- Germination
Drug (1) tion,% across S days,% Seed Stem
8 ’ S growth,% | growth,%

Control-H O b/0 85.0 100.0 100.0
0.1 88.0 117.0 109.3
Ofﬁ*ﬂ\lwﬁlfﬁfo 0.01 90.0 118.0 117.5
O H H O 0.001 90.0 136.4 139.6
Br Br 0.0001 88.0 139.7 141.7
0.00001 85.0 118.6 114.3
Roslyn — (famous) 0.75-1.0 85.0 103.4 102.7

conditions and further more in-depth study in the
field is recommended.

Conclusion: When studying the synthesis, prop-
erties and use of bromo-substituted biscarbamate

Thus, the drug(1) at a concentration of: (0.1;
0.01; 0.001%) is the most effective growth-stimu-
lating drug for vegetables and cotton in laboratory
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derivatives, the reaction was carried out at room
temperature for 4 hours in the presence of dimeth-
ylformamide and triethylamine. In the process, it
was observed that derivatives of the starting mate-
rial, N, N-hexamethylene-bis[ (2-bromophenoxy-
carbamates]), were formed in much higher yields.
In this case, the high density, selectivity and easy
mobility of the group electron cloud were based on
its high reactivity. To study the reactivity with N-H

reactive centers, N, N'-hexamethylene-bis-[ (2-bro-
mophenoxy-carbamate], N, N'-dinitation, N, N'-
dichlorination, N, N'-dimetallization, N, N' Reac-
tions — dialkylations were carried out and analyzed,
and the yield was 92.4%.The biological activity of
the obtained compounds was studied, the drug at a
concentration (0.1; 0.01; 0.001%) was tested in the
laboratory and recommended as the most effective
drug for the growth of vegetable and cotton crops.
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