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Abstract

The article presents the results of research aimed at the synthesis and study of various

modified benzoyl esters of the alkaloid lupinin in order to find among them effective biologi-
cally active substances that have a certain superiority over known drugs. The main objectives
of the study were: to develop a synthesis method, to establish the structure and configuration

of synthesized compounds.

Keywords: alkaloid, synthesis, lupinin, structure, bond, spectrum

Introduction

One of the priority areas of bioorganic
chemistry is the modification of molecules
of natural compounds, in particular alka-
loids. In this regard, lupinin alkaloids by
their chemical structure belong to the most
interesting class of compounds, among
which there are substances with various
combinations, for example, carbonic and
heterocycles, conformational and optical
isomers. Modification of the alkaloid mol-
ecule opens up wide opportunities for the
search for highly effective, selective, ste-
reospecific biologically active substances
(Sadykov, A.S., Aslanov, X.A., Kushmura-
dov, Yu.K., 1975).

3

Among such alkaloids, lupinin (7a-hy-
droxymethyl-trans-quinolizidine) occupies
an important place and is contained in sig-
nificant quantities and is extracted from the
Central Asian plant Anabasis aphylla L., be-
longing to the Chenopodiaceae family (Na-
sirov, S. H., Hazbievich, I.S., 1982.

Among the known derivatives of lupi-
nin, its esters, which have pronounced an-
tiviral, antitumor and hepatoprotective
activity, are the most studied (Sadykov,
A.S., Aslanov, X.A., Kushmuradov, Yu.K,,
1975; Nasirov, S.H., Hazbievich, I.S., 1982;
Tlegenov, R.T., 1991). Series of lupinine es-
ters showed local anesthetic effect, antitu-
berculous and anticholinesterase activity

SYNTHESIS OF MODIFIED LUPININ DERIVATIVES
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(Nasirov, S.H., Hazbievich, I.S., 1982; Tle-
genov, R.T., 1991).

Results and their discussion

Section 1. Chemistry

In order to find new highly effective bi-
ologically active compounds among lupinin
derivatives, we synthesized new derivatives
of lupinin — its aminoesters. Synthesis was
carried out according to this scheme:

N N

R = 0-COCsHj;; m-OCHs; m-NO;; p-NH; 2.4-Cl;

Of all the synthesized compounds, or-
tho-benzoyl-, 2,4-dichloro-p-amino substi-
tuted benzoylamidolupinins are crystalline
substances with a yellowish tinge, and the
rest are oily substances. The individuality of
the synthesized compounds was controlled
by thin-layer chromatography. Hydrochlo-
rides were obtained by the action of dry

hydrogen chloride. All hydrochlorides are
obtained clean and do not require further
cleaning. The characteristics of the synthe-
sized compounds are given in Table 1.

The structure of the obtained substanc-
es is confirmed by the data of PMR, IR and
mass spectra.

Table 1. Physico-chemical characteristics of aminobenzoyl es-
ters of aminolupinin (I) and their hydrochlorides (II)

CH,NHCO—R

0

H,NHCO—R

]

H Cl

Ne R Exit,% Melting point, °C (I) R, Melting point,°C (II)
1 68.0 167-169 0.92 hygroscope
COC4H;

2 : 59.0 87-89 0.54 142-143

OCH;
3 : 79.0 oil 0.68 hygroscope

NO,
4 @_ NH, 59.6 147-149 0.28 83-85

—Cl
5 59.8 158-160 0.33 hygroscope

SYNTHESIS OF MODIFIED LUPININ DERIVATIVES
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In the IR spectrum (1-5) there are
intense absorption bands characteris-
tic of functional groups (Y, cm™): 3350—
—3450 cm (-NH-group); 1250-1190 cm™!

Section 1. Chemistry

(= C-N-); 1590-1610 cm (- C = C-aro-
matic core); 1610-1700 cm! (- N - C = 0)
and 2800-2650 cm™ (trans-quinolizidine
system).

Figure 1. IR spectrum of p-aminobenzoyl ether of aminolupinin
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In the PMR spectra of aminobenzoyl es-
ters of aminolupinin (1-5), there is a com-
plex signal in the region of 3.7-3.9 p.p.m.
(2H, m) of the CH,-N fragment. Signals
of aromatic protons are observed at 7.6—
-7.9 p.p.m. (4H, m). in the region of 1.1-
—-2.2p.p.m. (14H, m, CH,), signals belonging
to protons of the quinolizidine fragment are
noted. The positions of the other signals de-
pend on the specific type of substituent. All
the obtained spectra confirm the structure of
the synthesized derivatives of aminobenzoyl
esters of aminolupinin.

In the mass spectra of these compounds
there are peaks with m/e 167, 152, 136, 124,

2000 1800 1600 1400 1200 1000 800 600 400
cm-1

2200

98, and etc., characteristic of alkaloids with a
trans-quinolizidine system.

Conclusions

Thus, some lupinin derivatives with sub-
stituted benzoic acids bound by an amide
bond and their hydrochlorides were synthe-
sized. Their physico-chemical constants are
determined. Based on the study of the IR,
PMR and mass spectra of the obtained com-
pounds, their structure has been established.

Modified derivatives of the lupinin alka-
loid may offer great prospects in the search
for biologically active substances with high
efficiency, selectivity and stereospecificity.
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Abstract

The article presents the research results of synthesizing weakly acidic polycondensation type

catio-nites based on naphthalene homologs isolated from local raw materials and studying their
structure using various physicochemical analysis methods. Pyrolysis oil, a secondary product
of the pyrolysis process of JV “Uz-Kor Gas Chemical” LLC, was selected for the research, and
naphthalene homologs were separated from its composition by fractionation and used as raw
materials in further work. During the polycondensation of naphthalene carbonic acid with
formalin, polymethylene naphthalene carbonic acid was obtained in the process of obtaining a
weak cationic, and its composition was compared using SEM (scanning electron microscope),
IR-spectrum, TG (thermogravimetry) and DTA (differential thermal analysis).

Keywords. Naphthalene homologs, synthesis, SEM, IR, TG, DTA, naphthalene carbonic acid,

formalin, catalyst, zinc chloride, polycondensation

Introduction

Pyrolysis oil is a secondary product of py-
rolysis, the composition of which depends on
the raw material, and consists of a mixture
of hydrocarbons with a boiling point above
180 °C. Currently, pyrolysis products do not
have a specific field of use, but in most cases,
they are used as a component of steam boil-
er fuel. Secondary products of pyrolysis reach
325.000 tons per year in Russia. The volume of
production at the Naftan plant of Belarussian
“Polymir” OJSC is 12.000-16.000 tons per
year. As a result of the analysis of the results of
chromatography of the composition of the lig-

uid concentrate by Belarusian scientists, it was
found that it contains more than 225 individ-
ual substances. They contain 67% by weight of
aromatic hydrocarbons, particularly naphtha-
lene, and their homologs up to 18% (Prech E.,
Byul'mann F., Affol'ter K., 2006; Turnbull L.,
Liggat J.J., Mac Donald W. A., 2013; Guoqgiang
Wang, Guitang Yang, Min.Jiang, Rui. Wang,
Yin Liang, Guangyuan Zhou, 2021; Roupa-
kias C.P., Bikiaris D.N., Karayannidis G.P.,
2005; Jeong Y.G., Jo W.H., LeeS.C., 2002;
Stier U., Schawaller D., Oppermann W., 2001;
Lorenzetti C., Finelli L., Lotti N., Vannini M.,
Gazzano M., Berti C., Munari A., 2005.
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Synthetic ion exchangers are produced in
industry in two ways:

— polymerization or polycondensation
of initial monomer compounds whose mole-
cules have active groups;

— by introducing functional groups into
macromolecules obtained from the copo-
lymerization of vinyl aromatic compounds
with dienes.

Section 1. Chemistry

The first method is more practical be-
cause the production of ignites by chemi-
cal modification of polymers is associated
with the following difficulties: multi-stage,
labor intensive, the need to use toxic prod-
ucts, and partial decomposition of macro-
molecules (Bellami, L., 1971; Nakanisi, K.,
1963; Chung, T.C., 2002; Hustad, P.D.;
Coates, G.W., 2002; Charlesby, A., 1960;
Chapiro, A., 1962; Coqueret, X., 2008.

Table 1. Raw material composition and properties of some cations

Brand

COEO.1 n. NaOH Comparison Active functional

The main raw material

mg-eq/g size ml/g group
Carboxyl cations based on polymerization
KM 7.4-7.6 - <COOH Methacrylic acid, DVB
HM/T 7.8-8.8 - «COOH Methacrylic acid, DVB
KMT KMJTA Methacrylic acid,
KMTE 10.1 (0.4) 3.5 «COOH acrylamide
KP 7.7 - <«<COOH Methacrylic acid, DVB
KU-2-8 5.1 2.8 -SO,H Stirol, DVB
Sulcocations based on polycondensation
4.2-4.7 Phenolsulfoacid,
Ky-1 (2.0-2.5) 2.7-3.0 <OH formaldehyde
KV-6 5.5(3.4) 2.7 «COOH Anthracene, formaldehyde
CH 6.5 (3.9) 30 ©OH Phenolformaldehyde resin,
novalak
CCo 3.9-4.0 3.7 <«OH Sterol, formaldehyde
Polikondensatlash asosidagi fosfokationitlar
Phenol, resorcinol,
PO 5.0 - <PO,H,, <OH formaldehyde
BO 4.5 3.0-3.5 <PO H, Polyvinyl alcohol
AP 3.0 15-1.6  <AsO.H,, «OH OXyphenyleresolacid,
3772 formalin

Ionites contain active (ionogenic) groups
(derived from the Greek word “geneticos,”
meaning “to give birth”). Synthetic ion ex-
changers are divided into three main groups:

— Cation exchangers;

— Anion exchangers;

— Amphoteric ion exchangers (polyam-
pholytes).

Cation exchangers are polymers that pos-
sess acidic properties and can absorb posi-
tively charged ions (cations) from electrolyte
solutions.

Anion exchangers are polymers that exhib-
it the ability to absorb negatively charged ions

(anions) from solutions and exchange them for
other anions. They display basic properties.

Amphoteric ion exchangers are called
polyampholytes, and they contain acidic and
basic ionogenic groups. Depending on the
conditions, both cation and anion exchang-
ers can exhibit these properties.

The purpose of the work: synthesis of
monomers (ethylene and propylene) for the
polymer production process at “Uz-Kor Gas
Chemical” LLC, a secondary product of py-
rolysis device, deep processing of pyrolysis
oil, separation of naphthalene homologs, the
study of the synthesis process of polymeth-
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ylenenaphthalene carboxylic acid mixture,
based on them is to create technology for

Section 1. Chemistry

production of acidic cationic and special ad-
ditives for concrete mixtures.

Table 2. Active groups in ionites

Cationite

Available ion Counter ion

SO, H*
COO- H+*
PO,? H~
SeO, H*
AsO;? H*

Anionite
Available ion Counter ion
~NH; OH-
=NH; OH-
=NH* OH-
==N* OH-

Materials and methods

To extract naphthalene and its homo-
logs from the composition of pyrolysis oil,
the secondary product “pyrolysis 0il” from
the Ustyurt gas-chemical complex, which
belongs to “Uz-Kor Gas Chemical” LLC, was
used as a raw material.

Chromatomass-spectrum results showed
that natalin and its homologs constitute the
main part of pyrolysis oil. Among these prod-
ucts, naphthalene homologs make up 28.34%
of the total.

Pyrolysis oil was divided into fractions us-
ing rectification drive, and their composition
was studied (Table 1). 1-methylnaphthalene
and 2-methylnaphthalenes account for up
to 80% of the fraction between 220-250 °C,
while 1,6-dimethylnaphthalene accounts for
up to 48% of the fraction at 260-270 °C.

The sodium and calcium salts of poly-
methylenenaphthalene  carboxylic  acid
(PMNK), which is the focus of the research,
serve as highly effective diluents with a high
molecular fraction content. However, the
synthesized polycondensate contains free

CH5

+ HNO3—>

Depending on the temperature of the
oxidation process, a mixture of different
naphthalic acids is formed. Therefore, the
oxidation process is carried out at a tem-
perature higher than 120 °C. When the
temperature rises above 150 °C, the level
of side processes increases, resulting in an
increased amount of various acids. Con-

formaldehyde, which negatively affects the
ecological characteristics of the finished
product.

The technological process of producing
polymethylenenaphthalene carboxylic acids
(PMNK) consists of the following stages:

— Oxidation of 2-methylnaphthalene
with concentrated nitric acid to obtain
B-naphthalene carboxylic acid.

— Polycondensation of [-naphthalene
carboxylic acid with formaldehyde to obtain
polymethylenenaphthalene carboxylic acid.

— Neutralization of the resulting reaction
product with sodium hydroxide or calcium
hydroxide.

— Filtration of the additive solution to re-
move sodium/calcium deposits.

Depending on the conditions of the pro-
cess, substances with different properties are
formed. We analyze all stages of the techno-
logical process.

At the stage of oxidation of 2-methyl-
naphthalene with concentrated nitric acid,
the production of -naphthalene carboxylic
acid is the main process.

COOH

+ 6NO, +4H,0

versely, decreasing the temperature of the
process below 120 °C leads to an increase
in the amount of other oxygenated or-
ganic compounds that do not oxidize into
2-methylnaphthalene acid.

The polycondensation reaction of naph-
thalene carboxylic acids with formalin pro-
ceeds according to the following scheme:
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H

(0] —
n O + (n-1) H—c/< —

COOH

The polycondensation process is carried
out at a temperature of 110 °C for several
days. The longer the process continues, the
higher the content of the polymerized sub-
stance in the product, as well as the higher
the content of the active substance. The com-
pletion of the process is monitored through
sampling. When cooled, the resulting poly-
condensate transforms into a viscous mass.
When stretched, it forms thin fibers and dis-
solves in water.

To reduce the time and energy consump-
tion of the polycondensation process, the reac-
tion was carried out at high temperature and
high pressure in a special setup, allowing the
reaction to be completed within a few hours.
Formalin is introduced into the reaction mix-

Dan
COOH n-1

OOH

During the synthesis of the additive,
the residual formaldehyde mass fraction of
0.001% remains higher than usual, which
cannot be used in the composition of con-
struction materials used for the interior dec-
oration of buildings with a lot of people.

To reduce the mass fraction of residual
formaldehyde in the production process of
the additive, they proposed to use the Can-
nizzaro reaction. Formaldehyde molecules
interact and turn into various harmless or-
ganic substances. In such a process, a dis-
proportionation reaction occurs, one mol-
ecule of formaldehyde is reduced and the
second molecule is oxidized, alkalis play the
main role as a catalyst of the process (Bella-
mi L. 1971):

Section 1. Chemistry

O + (n-1) H,0

COOH -l

COOH

+ nNaOH — 5

ture from multiple points and below the re-
action mass to ensure uniform distribution
throughout. If formalin is added from a single
point, it can increase the viscosity of the reac-
tion mass, potentially leading to issues such as
mixer failure and other complications.

During the neutralization stage of the
polycondensation process, the sodium salts
of polymethylenenaphthalene carboxylic acid
are formed by treating the condensed mass
with sodium hydroxide. The condensed mass
is mixed with a specific amount of water and
then diluted and cooled. Next, an alkali solu-
tion is added, and the mixture is stirred until
the medium becomes neutral.

The reaction equation for the neutraliza-
tion process is as follows:

()
+ nH,O
OONa n-1

2H,0 + H,0 = CH,0H + HCOOH

Aldehydes without a hydrogen atom in
the alpha state undergo disproportionation
under the influence of concentrated alkali
solutions to form carbonic acid and alcohol.

The mechanism of the Cannizzaro reac-
tion combines a two-stage nucleophilic addi-
tion reaction: in the first stage, the hydroxyl
anion is attached to the carbonyl group of
the formaldehyde molecule, then hydrogen
is released from this adduct compound in
the form of a hydride-anion and combines
with the second molecule of formaldehyde.
For example, formaldehyde is converted
into methyl alcohol with potassium formate
(since there is potassium hydroxide in the
environment).

OONa

10 STUDY OF THE SYNTHESIS AND STRUCTURE OF POLYETHYLENE
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The Cannizzaro reaction was carried out
at a high temperature of 100 °C for several
hours. After the process was completed, the
product was neutralized with a low-concen-
tration sulfuric acid solution. As a result, the
mass fraction of formaldehyde in the liquid
product of the process did not exceed 0.001%.

To evaluate the transportability of the
synthesized additive solution, the relation-

Section 1. Chemistry

ship between its concentration and density
was determined. The results of the experi-
ments are presented graphically in Figure
1. One of the most important characteristics
of the diluent-plasticizer, which affects the
gypsum mixture, determined by the Suttard
method, is the plasticity index (Orifjon Kady-
rov, Zilola Karimova, 2023).

Figure 1. Graph of dependence of additive density on solution concentration

Density, g/fsm3

Gig I T T T T
0 5 10 15 20

25 30 35 45

Concentration, %

To synthesize polymethylenenaphthalene
carboxylic acid (cationic) with a spatial struc-
ture, the following successive works were
carried out;

— Naphthalene homologs were isolated
from pyrolysis oil.

— Obtained naphthalene homologs were
oxidized and naphthalene carboxylic acids
were synthesized. (I-reaction)

— Naphthalene  polycondensates a
mixture of carboxylic acids with formalin
(1 : 2 molar ratio of carboxylic acids and
formaldehyde) under high pressure, and the
polycondensate is heated at 95 — 100 °C for
24 hours.

(Reactions IT and III)

The reaction equation of the above pro-
cesses is as follows:

I-reaction

COOH

CHj

CH,
HIIIIIIII![/// + HNO; —— HIII!IIIII{//

CHj

H3C

COOH
+ 6NO, +4H,0

COOH

+ 6NO, +4H,0

HOOC
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II-reaction

COOH
HOOC

! OO - aneon — HO__HZC

CH,—OH

+ (n-1)H,0

HOOC

COOH
HO——H,C
B OO +2nHCOH — » : O + (n-HH,0
[l

COCH

HOOC O CH,+—OH
n + 2nHCOH — + (n-1)H,0
HO4—H,C

COOH |

HOOC

III-reaction

HOOC CH,—loH H,
HOOC c CcH,—+
HO_H,C —_—
- (n-1H,0 4 HC COOH

HOOC [ Hooc HOOC

_—
- (n-HH,0
HOOC O CH,{—OH HOOC O CH,——
_—
- (n-DH,0
HOL|—H,C HOOC CH,
COOH [N —+H,C Q OOH

COOH ]
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Results and discussion
The IR spectrum of synthesized 1-naph-

Section 1. Chemistry

thalene carboxylic acid was obtained and an-
alyzed.

Figure 2. IR spectrum of 1-naphthalene carboxylic acid
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The analysis of the above IR spectrum
shows that. We can see the valence vibra-
tion of the —OH group at 3359.96 sm,
the valence vibration of the C-H bond in
the aromatic core at 3055.93 sm!, and the

valence vibration of the —CO,H group at
1130.16 sm™. The element analysis of the
synthesized polymethylenenaphthalene car-
boxylic acid with spatial structure was per-
formed (Figure 3).

Figure 3. Elemental analysis of polymethylenenaphtha-
lene carboxylic acid with spatial structure
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Table 3. Results of elemental analysis of polymethylenenaph-
thalene carboxylic acid with spatial structure

Element Mass fraction (%) A fraction of the atomic number (%)
C 62.55 71.32
0] 28.3 24.22
Na 4.65 2.77
S 2.25 0.96
Cl 1.3 0.5
Co 0.96 0.22

Figure 4. TG of carbocationite — thermogravimet-
ric curve; DTA — differential thermal curve
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Thermal stability of carbocationite was studied by the thermogravimetric method

The data presented in the figure shows the
change in sample composition with weight
loss. The first stage, in the temperature
range of 104.6-356.5 °C, exhibits a weight
loss of 26.27%. The second stage, ranging
from 450.6—-661.2 °C, shows a weight loss
of 21.12%. Additionally, in the temperature
range of 813.1-877.8 °C, a substance mass
loss of 8.63% was observed. Overall, the re-
sulting carbocationite experienced a total
mass loss of 56.07% when heated to 900 °C.

The differential thermal curve of the stud-
ied cationites shows two endothermic peaks.
These endothermic effects can be attributed
to the thermal degradation of the cationite,
occurring in the ranges of 450.6-661.2 °C
and 813.1-877.8 °C.

In the case of the KU-2 cationite, an en-
dothermic peak with energy absorption is

14

observed at 353—413 K, and its degradation
is observed at 423 K [24-26]. This indicates
that the thermal stability of the naphtha-
lene-based cationite is higher compared to
that of the KU-2 cationite.

The following operational properties of
carbocationic were studied:

« specific mass of cationic

+ the specific volume of the cation

« wettability of the cation

» static exchange capacity of cationic

+ dynamic exchange capacity of cat-

ionic

Work was carried out according to the
GOST 10896-78 international standard to
prepare the received catonites for testing.
For comparison, sulfocationite KU-2—-8 was
obtained (Table 4).
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Table 4. Synthesized carbocationic and KU-2—-8(imported)
sulfocationite operational properties

A type of . L . Total static ca- Dynamic ex-
T Comparative Humidity Comparison . .
cationite . pacitance change capaci-
mass (g/dm?) (%) size (sm3/g) s
No (mg-eq/g)  ty (mol/m?)
0 Lear
car GOST  vlagamer  GOST GOST GOST
M8 10898.2-74 XY-100MW 10898.4-84 20255.1--89  20255.2-89
method
1 NKK 765 54.7 4.7 4.92 512
2 KU-2-8 750-800 48-58 2.8 4.6-4.8 500-520
(control)

It can be seen from the table that the main
performance properties of the synthesized
NKK carbocationites are close to the static
and dynamic exchangeability of imported
sulphocationite KU-2-8.

Summary

Polymethylenenaphthalene  carboxylic
acids were obtained based on naphthalene
obtained from pyrolysis oil, a secondary prod-
uct of the hydrocarbon pyrolysis process, and
it was found that the linear oligomer of this
polymer can be used as a superplasticizer in
concrete mixtures, and its spatial polymer
can be used as a carbocationic.

Chromato-mass spectrum, IR spectrum,
SEM analysis, elemental analysis, and TG
analysis were used to study and analyze the
composition, structure, and properties of the
products obtained as a result of the synthesis.

The use of synthesized oligomers with a
linear structure as a superplasticizer in con-

crete mixtures has been studied to increase
the plasticity and strength of the intermedi-
ate mixture.

The cationic property of the synthesized
polymethylenenaphthalene carbonic acid
was studied, and it was put into practice as a
cationic in the purification of circulating wa-
ter in factories from various metal cations.

COE (static exchange capacity) and DOE
(dynamic exchange capacity) were deter-
mined as important operational properties
of cation sites. COE = 4.92 mg-eq/g, DOE =
= 512 mol/m?®. The static and dynamic ex-
change capacity of the synthesized carboca-
tionites was studied to be close to the proper-
ty of KU-2-8 sulfocationite.

The thermal stability of carbocationite
was studied by the thermogravimetric meth-
od. It was found that the thermal stability of
the obtained cationite based on naphthalene
is higher than that of KU-2 cationite.
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Abstract

The optimal conditions of the modification process with 2-hydroxyethylcarbamate are de-
fined in the article. Temperature dependence of carbon dioxide sorption on modified silica gels

was studied.

Keywords: silica gel, sorption, carbon dioxide, hydroxyethyl carbamate, thermal stability

Introduction

The increase in the amount of carbon di-
oxide in the atmosphere has reached a his-
torical maximum. One of the reasons for
this is human activity, as a result of which
the amount of gases released into the at-
mosphere has increased hundreds of times.
Deforestation also slows down CO, utiliza-
tion. Scientists have estimated that since the
1850s, half of CO, emissions are stored in the
atmosphere, but most of it dissolves in ocean
waters. Since 2000, the amount of CO, in the
atmosphere has increased by 12% (Lindsey,
2020; Liithi D., Le Floch M., Bereiter B., Blu-
nier T., Barnola J. et al., 2008).

Solid sorbents based on amines have
attracted the attention of researchers due
to their high CO, sorption, low energy con-
sumption, high stability, and they do not
pollute the environment. Liquid adsorbents
have disadvantages, such as high toxicity,
foaming, they are not heat-resistant — at high
temperatures they undergo destruction and/

or evaporation (Geldiev Y. A., Turaev Kh. Kh.,
Umbarov, 2022; Santana A.M., Freire T. M.,
Silva L.F., Menezes F.L., Ramos L.L. et al.,,
2021; Wang F., Yu L. & Huang, 2021).

The main value characterizing the sorp-
tion capacity of silica gels that are modified
with amino groups is the amount of nitro-
gen they contain. These sorbents are char-
acterized by maximum sorption Kkinetics.
Since most of the organic amines are on
the outer surface, they have been found to
fill 70% of the container in 1-10 minutes.
It has been shown that the sorption kinetics
increases with increasing pore size (Geldiev
et al., 2023).

Synhesis method
Synthesis of 2-hydroxyethylcar-
bamate (HEC). According to the method
presented in the literature (Belyaev P.G., Kh-
isamutdinov G. Kh., Sharypova S.G., Kon-
ovalova V. P., Kondyukov I.Z., Valeshny S.1.,
Smirnov S. P., Ilyin, 2008), a mixture of urea
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and ethanolamine in a 1:1 molar ratio was
heated at 110 °C until gas evolution ceased.
10, 20 and 30% solutions of HEC in abso-
lute ethyl alcohol were prepared. Samples of 5.0
g of silica gel were kept in 10.0 g of HEC solu-
tion for 2 hours. After this, it was dried at 80 °C
to dry mass. The resulting sorbents, depending
on the concentration of HEC in the solutions
used to modify the silica gel, were designated
as SHEC -10, S HEC-20 and S HEC-30.
Thermal analyzes were performed on a
Shimadzu TG-600 device at 40—-600 °C. To
study the kinetics of sorption and desorption,

Section 1. Chemistry

the sorbents were first cleared of absorbed
gases and moisture by heating in a nitrogen
environment at 110 °C for 30 min, and then
kept at 30 °C, 50 °C and 80 °C in a CO,, envi-
ronment until constant weight. By repeating
the process, it was possible to study the oper-
ating cycles of the sorbents.

The degree of modification of the
sorbent. The degree of modification of the
sorbent in HES solutions was calculated
from the increase in its mass. The results of
changes in the mass of the samples are given
in (table 1).

Table 1. Results of modification of silica gel with HES

. Composition of solution . Weight of slick .
Initial mass of Received Weight
" 1 for HEC/Ethanol ) gel after . %
silica gel, ] . sample . . increase,
8eL 8 modification,% P modification ’
5.0 10/90 SHEC -10 6.08 21.6
5.0 20/80 SHEC -20 7.12 42.4
5.0 30/70 SHEC -30 7.76 55.2
5.0 40/60 SHEC —40 7.78 55.6

As can be seen from table. 1, as the concentration of HEC in the solution increased, the
degree of modification of the sorbent increased significantly

Results and discussion
Study of the sorption capacity of
sorbents. The change in the maximum
sorption capacity during sorption/desorp-
tion cycles of modified sorbents was stud-
ied. Maximum sorption capacities were

used at 30 °C for sorption and 80 °C for
desorption (Fig. 1). During cyclic operation
of modified sorbents in 2 temperature rang-
es, a decrease of 7-10% was observed after
5 sorption-desorption cycles.

Figure 1. Cyclic change in the mass of modified silica gels during
CO, sorption-desorption cycles in comparison with unmodified sili-
ca gel. a — SHEK-30; b — SHEC-20; ¢ — SHEC-10; g — SIL
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9
8
7
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This decrease can be explained by the
partial removal of amino groups at high
temperature, since the sorption capacity of
the unmodified SIL sample remained virtu-
ally unchanged. The optimal temperature
for the desorption process was ~80 °C. At
a higher temperature, desorption occurred
faster and more completely, which led to a
significant decrease in the number of effec-
tive operating cycles. However, if desorption

Section 1. Chemistry

was carried out at 100 °C, the maximum
sorption capacity of the SHEC-30 sample af-
ter 30 minutes decreased by more than 30%.

The sorption properties of sorbents sig-
nificantly depend on the temperature of the
gas system. At high temperatures, their CO,
sorption capacity decreases. CO, sorption at
80 °C for modified silica gel is ~0.2%, and at
temperatures above 100 °C there is practical-
ly no sorption (Fig. 2).

Figure 5. Temperature dependence of the maximum sorption capaci-
ty of sorbents: a — SIL; b — SHEC-10; ¢ — SHEC-20; d — SHEC-30
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The work determined the optimal con-
ditions for modifying silica gel with aque-
ous solutions of 2-hydroxyethylcarba-
mate (HEC). Although the surface area of
HEC-modified silica gels decreased as the

4@ e A am amL Bedr Ao 815

a 6 =8 r
a0C 110C

HEC concentration increased, the carbon di-
oxide sorption capacity increased.

The optimal conditions for the cyclicity
of the sorption-desorption process were de-
termined, when sorption occurs at 30 °C and
desorption at 80 °C.
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Abstract

The solubility of components in the NH,H,PO,-NH,C,H,OH-H,O system was studied

from the temperature of complete freezing (—53.0 °C) to 68.0 °C. A polythermal solubility
diagram has been constructed, on which the regions of crystallization of ice, monoammonium
phosphate, NH H,PO,-NH,C,H,OH, 2NH H,PO,-3NH,C,H,OH compounds, two-, one-, and
anhydrous monoethanolamine are demarcated.

Keywords: solubility, temperature, polytherm, diagram, crystallization, ice, mono ammo-

nium phosphate, monoethanolamine

Introduction

Currently, to increase the productivi-
ty of agricultural crops, the use of chemical
regulators of plant growth and development
is expanding simultaneously with increas-
ing doses of mineral fertilizers. World prac-
tice has accumulated experience in growing
plants with desired properties using individ-
ual chemicals with stimulating activity (Nes-
bit, J.C., 1860).

It has been established that ethanolamine
has high biological activity. Its active partic-
ipation in redox processes, in enhancing the
synthesis of organophosphorus compounds,
stimulating protein metabolism and enhanc-
ing the activity of enzymatic systems has
been revealed.

When explaining the growth activity of
ethanolamines, it should be taken into ac-
count that in the presence of carbon dioxide
and oxygen, ethanolamines can form glycerol,
glycol, oxalic, formic, naphthenic and acetic
acids, which belong to the group of growth
substances (Leopold, A., 1968; Sukhova S. 1.,
Simochatova E. P., Beskov S. D., 1967; Husey-
nov, D. M., 1966; Nurakhmetov, N. N., & Ber-
emzhanov, B. A., 1978).

Increased interest in the interaction of
ethanolamines with fertilizer components, as
well as chlorate-containing defoliants, is due
to the fact that when used together, the ef-
fectiveness of the synthesized drugs increas-
es. Consequently, physicochemical studies of
the interaction of ethanolamines with macro-
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and microcomponents of fertilizers are of
significant theoretical and practical interest.

Methodology

This system at 25 °C was previously
studied using isothermal methods (Nabiev,
M.N., Isabaev, Z., & Saibova, M. T., 1976).
We studied the solubility of the components
in the NH,H,PO,-NH,C,H,OH-H,O system
using the visual-polythermal method (Trun-
in, A. S., & Petrova, D. G., 1978) from the
temperature of complete freezing (—53.0 °C)
to 68.0 °C. For quantitative chemical analysis
of liquid and solid phases, elemental analysis
for carbon, nitrogen, and hydrogen was used
(Klimova, V. A., 1975); the P,O, content was
determined using a spectrophotometer us-
ing the colourimetric method (Moizhes, I. B.,
1973).

The content of elemental carbon and
hydrogen was carried out according to the
method (Klimova, V. A., 1975).

Solid phases were identified by chemi-
cal and various methods of physicochemical
analysis. Thermal analysis of the new phases

Section 1. Chemistry

under study was carried out on a derivato-
graph of the Paulik-Paulik-Erdey system.

X-ray phase analysis was carried out on a
Dron-3.0 diffractometer. The values of inter-
planar distances were found from the refer-
ence book (Diller, Ya. L., 1966; Nedoma, I.,
1975), according to the angle of reflection,
and the intensity of diffraction lines was as-
sessed on a 100-point scale.

Results and discussion

We studied the solubility of the (NH,),H-
PO,-NH(C,H,OH),-H,O0  system (Erga-
shev D.A., Xamdamova Sh. Sh., 2022; Adil-
jonovich, E.D., & Sherzodovna, K.S., 2021;
Adiljanovich, E.D., 2020; Ergashev D. A.,
Askarova M. K., Tukhtaev S., 2015; Erga-
shev D. A., Askarova M. K., Tukhtaev S.,
2015; Ergashev Dilmurod Adiljonovich,
Askarova Mamura Kamilovna, Tukhtaev
Saidahral, 2016) using ten internal cuts. Of
these, sections IV were studied from the side
NH,C,H,OH-H,O to the top of NH,H,PO,,
sections VI-IX from the side NH,H,PO -H,O
to the top of NH,C,H,OH.

Figure 1. Solubility diagram for the system NH H,PO,-NH,C,H,OH-H,0O

NHH,PO,mass., %

NHH, PO, -NH,C,H,OH

Based on the results of studying binary
systems and internal sections, a polythermal

2NHH,PO,3NH, C,H,OH

NH,CoH4OHmass., o

solubility diagram of a ternary system was
constructed, on which the fields of crystalli-
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zation of ice, mono ammonium phosphate,
compounds of the compositions NH,H, PO, -
- NH,C,H,0H, 2NH,H,PO, 3NH,C,H,OH,
two aqueous, one aqueous and anhydrous
monoethanolamine are delimited (Fig. 1, Ta-

ble. 1).

Section 1. Chemistry

These fields converge at four triple nodal
points of the system, for which the chemical
compositions of equilibrium solutions and
the corresponding crystallization tempera-
tures are determined (Table 1).

Table 1. Double and triple points of the NH H,PO -NH,C,H OH-H20 system

Composition of the liquid phase, wt.%  Crystal tem- .
Solid phase
NH,H,PO, NH,C,H,OH H,O perature, °C
18.0 - 82.0 -45.0 Ice + NH, H,PO,
20.0 8.0 72.0 -46.0 Same
23.4 15.5 61.1 -48.0 —
24.6 18.3 57.1 -48.6 —
Ice + + NH,H,PO, + NH,H,PO,-N-
26.0 23.1 50.9 -49.5
H,C,H,OH
NH,H,PO, + H,H,PO,-N
71.0 17.8 11.2 68.0
-H,C,H,OH
55.4 18.0 26.6 32.0 Same
40.2 19.2 40.6 -2.0 —
31.6 20.5 47.9 -22.1 —
25.5 22.6 51.9  —47.9 Ice + NH,H,PO,-NH,C,H,OH
Ice + NH,H,PO,-NH,C,H,OH +
23.9 25.9 50.2 -43.0
+2NH,H,PO,-3NH,C,H,0H
NH_H,PO, - NH,C,H,OH +
25.3 29.0 45.7 -17.0
2NH,H,PO,-3NH,C,H,0H
26.2 33.8 40.0 -12.0 Same
29.5 41.2 29.3 -2.3 —
30.0 42.1 27.9 3.8 —
42.0 58.0 - 27.0 —
21.7 31.5 46.8 -39.2 Ice + 2NH, H,PO, - 3SNH,C,H,OH
19.8 48.3 31.9 -45.6 Same
20.0 50.0 30.0 -47.0 —
22.3 55.5 22.2 -49.0 —
Ice + 2NH,H,PO, - 3NH,C,H,OH +
23.9 58.5 17.6 -53.0
+NH,C,H,0OH - 2H,0
2NH,H,PO, - 3NH,C,H,OH +
31.0 69.0 - -47.7
+ NH,C,H,0H-2H,0
21.5 57.5 21.0 -52.6 Ice + NH,C,H,OH - 2H,0
17.8 56.0 26.2 -51.3 Same
13.9 54.6 31.5 -50.4 —
11.0 53.5 35.5 -49.0 —
9.4 53.0 37.6 -48.8 —
5.0 52.3 42.7 -47.2 —
- 52.0 48.0 -46.4 —
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Composition of the liquid phase, wt.%  Crystal tem- )
Solid phase
NH,H,PO, NH,CHOH H,O  perature, °C
NH,C,H,0H - 2H,0 +
26.2 73.8 - -38.0
+ NH,C,H,0H - H,0
15.7 69.5 14.8 -41.0 Same
12.7 68.7 18.6 -42.0 —
9.9 67.8 22.3 -42.8 —
7.0 66.5 26.5 —-43.2 —
5.8 65.8 28.4 —44.2 —
— 65.0 35.0 -44.9 —
16.0 84.0 - -20.8  NH,C,H,OH - H,0 + NH,C,H,0H
9.7 81.8 8.5 -22.0 Same
7.9 81.0 11.1 -22.8 —
6.0 80.8 13.2 -23.0 —
4.2 80.3 15.5 -23.6 —
2.2 79.8 18 -24.0 —
— 79 21 —-24.2 —

The polythermal diagram plots solubility
isotherms every 10 °C. To clarify the nodal
triple points, projections of polythermal
solubility curves onto the corresponding
lateral water sides of the concentration
triangle were constructed.

Analysis of the solubility diagram of the
studied system shows that the formation of
the compound 2NH H,PO,-3NH,C,H,OH
occurs in the temperature range —-53.0 +
+27.0°C.The minimum concentration of am-
monium phosphate causing crystallization of
2NH,H,PO, - 3NH,C,H,OH into the bottom
phase is 19.8%, and monoethanolamine is
24.0%. The formation of a compound with
the composition NH H,PO, - NH,C,H,OH
is observed at a higher temperature range
—49.5 + 68.0 °C and at higher concentrations
of ammonium phosphate 24.1 + 70.8 %

From the data presented, it is clear that
in the system under study, two chemical
compounds are formed based on the initial
components, i.e. NH,H,PO, - NH,C,H,OH,
2NH,H,PO, - 3NH,C,H,OH, which are iso-
lated from the expected areas and identified
by chemical, thermogravimetric and X-ray
phase analysis methods.

Chemical analysis of the isolated com-
pounds gave the following results:

for 2NH,H,PO, - 3NH,C,H,0H;

272774

found,%: N= 15.01; H= 6.98; C = 16.87;
P,0,= 35.02;

calculated,%: N= 16.95; H= 7.51; C =
17.43; P,0.= 34.38;

for NH,H,PO, - NH,C,H,OH;

found,%: N= 15.13; H= 6.79; C= 13.07;
P,O0,.=40.51;

calculated,%: N= 15.9; N= 7.38; C =
=13.64; P,0,= 40.33;

A comparison of the data from X-ray
diffraction and thermogravimetric analyses
of the starting substances and 2NH, H, PO, -
- 3NH,C,H,0H, NH,H,PO, - NH,C,H,OH
showed that the isolated compounds have
their own inherent crystal lattices and are
characterized by specific transformations.
The values of interplanar distances and in-
tensities are given in Table 2.

According to thermal analysis data, in
the range of 20-600 °C, five endothermic
effects are observed on the heating curve of
the compound 2NH H,PO, - 3NH,C,H,OH,
corresponding to the melting and decompo-
sition of the compound. The total mass loss
at 600 °C is 68.7%. On the heating curve of
the compound NH,H,PO,-NH,C,H,OH, four
endothermic and one exothermic effect are
observed. That is, the thermal analysis data
are identical to the literature data [6].
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Table 2. Values of interplanar distances NH,H,PO, 2NH H,PO, -
- 3NH,C,H,OH u NH,H,PO,-NH,C,H,OH

272774

NH,H,PO, 2NH,H,PO,-3NH,C,H,OH NH,H,PO,-NH,C,H,OH
d, A J/J1,% d, A J/J1,% d, A J/J1,%
5.32 100 8.35 77 8.99 100
3.75 64 5.00 72 5.40 63
3.07 89 4.51 63 4.71 93
3.06 75 4.00 95 4.18 66
2.66 18 3.65 100 3.86 73
2.65 15 2.82 45 2.91 26
2.37 8 2.59 36 2.63 23

2,009 29 2.31 18 2.40 20

2,004 22 2.27 22
1.77 5

In addition, in the studied system, the
salting effect of the components on each
other is observed. With increasing concen-
tration and temperature, the salting-in ef-
fect of monoethanolamine on ammonium
phosphate increases. So, with a 10% con-
tent of monoethanolamine in solution, the
solubility of monoammonium phosphate
at temperatures is 0.0; 10.0; 20.0; and 30.0
°C increases by 11.2 accordingly; 14.0; 18.0
and 20.9% compared to its solubility in wa-

ter. Monoammonium phosphate has a lesser
ability to increase the solubility of monoeth-
anolamine than the latter does to the solubil-
ity of ammonium phosphate.

Conclusions

The results of the studied system indi-
cate the technological possibility of obtaining
compounds with physiologically active prop-
erties by joint dissolution of the initial com-
ponents at their optimal ratios, also identi-
fied from the data of agrochemical tests.
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Abstract

The article presents the physical and mechanical characteristics and chemical composi-
tion of the initial raw materials — glauconite sand and nodular phosphorites of the Krantau,
Khojakul, Beshtyu be and Sultan-Uizdag deposits. The methods of determining the chemical
composition and commercial quality, as well as conducting physico-chemical studies of raw
materials — glauconite sand and nodular phosphorites of Karakalpakstan and finished products
using modern research instruments (X-ray, electron microscopic, thermal, optical emission
spectrometer with inductively coupled argon plasma — ECO with ISP, HPLC-mass-spectrom-
etry, ESI mass spectrometry studies, elemental analysis).
Keywords: chemical composition, commercial quality, physico-chemical research of raw

materials, phosphate flour, RA fertilizers

Glauconite — monoprismatic greenish
mineral from the group of layered hydrous sil-
icates, with a specific gravity of 1.7-1.9 g/cm
3 Its ion exchange capacity is 0.1-0.4 mol/ kg;
porosity 20—-25%; hardness 1.3-2.0; Densi-
ty—1.8-3.0.

The cation exchange capacity of glau-
conite concentrate varies from 390 to 550
mg/ eq per 1 gram of sample. According to
its structural and geochemical properties,
glauconite is a multi-purpose mineral raw
material. The following areas of application
of glauconite are offered:

1. As microelement-containing fertilizers.

2. As a hard water softener. One ton of
glauconite softens 810 m? of water of any
hardness. Glauconite can withstand more
than 500 regenerations per year.

3. To purify wastewater from heavy met-
als. According to the Institute of Botany of
the Academy of Sciences of the Republic of
Uzbekistan, when treating wastewater from
the Tashkent Cable Plant, the content of met-
al salts decreased: Cu from 114.5 to 4.6 mg/1;
Sn from 375 to 2 mg/l; Zn from 380 to 40
mg/l. Maximum absorption capacity in rela-
tion to heavy metals: Cu — 781.2; Ni — 342.4;
Fe — 1317 mg/ eq per 1 kg of mineral. The
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ability of glauconite to extract heavy metals
from solutions is (in% of the initial content):
Pb -99, Hg —64, Co —97, Cd —-96, Mn -95,
Cr —92, Ni -90, Zn —90, Fe —99.

4. Glauconite effectively absorbs radionu-
clides Ce —137 and Zr-90, reducing the total -
activity of water by 28—203 times, and is used
for decontamination of waters and soils with
increased radioactivity. Moreover, glauconite
is an active absorber of various organophos-
phorus, organofluorine and sulfur-containing
pesticides, sharply reducing their content in
the soil and aquatic environment.

5. Glauconite increases the accumulation
of nutrients in the soil, improves the wa-
ter-physical regime and soil structure, and
activates the activity of soil microflora. As
a result, the yield of grains and legumes in-
creases by 10-40%, root crops by 30—-35%.
Glauconite has a positive effect on the yield
of green mass of annual grasses and corn,
increases the germination rate (up to 40%)
of legumes and cereals, and reduces the inci-
dence of plant diseases.

6. In livestock and poultry farms, glauco-
nite can be used as a feed additive.

The chemical formula of conditioned glau-
conite can be presented as: (R,0 + RO) *R,0,*
*4 §i0 , * H,0, where — R,0 — K,0; Na,-RO -
MgO, CaO, FeO; R,0, - Fe,0,, AlLO,.

The properties and effectiveness of nat-
ural phosphates from various deposits
were studied (Beskrovny Yu.V., Vereten-
nikov G.G., Galkina N.V., IbadullaevE.I.,
Mirkhodzhaev I.M., 1970) using a Guinier
focusing camera monochromator FR-552
carried out a precision determination of the
structural characteristics of a phosphate sub-
stance without its fractional isolation. In this
work, the linear dependence of the agrochem-
ical characteristics of known types of phos-
phate raw materials from various deposits on
the value of the parameter “ao” and “co” of the
unit cell was determined. According to the ob-
tained ao values, phosphorites are arranged
in increasing order: group 1 includes nod-
ular phosphorites, group 2 granular, group
3 shell phosphorites, and group 4 apatite. The
minimum cell parameter values are found in
nodular phosphorites, and the maximum val-
ues are found in apatites. It is concluded that
the smaller the crystal size, the higher the ag-
rochemical efficiency (Bushuev N.N., 2008).

Section 1. Chemistry

Based on this, we can conclude that nodular
phosphorites can be directly used as fertilizer
in the form of crushed flour, without resort-
ing to many years of testing.

Among the agronomic ores of Karakalpak-
stan, nodular phosphorites occupy a special
place. In nodular phosphorite, the relative
content of lemon-soluble P,O, reaches up
to 40%, much more than in the Karatau and
Kyzylkum ores, especially apatite ores (Vei-
derma M.A., 1977) This predicts the pros-
pects for its use as a mineral fertilizer in the
form of phosphate or as part of standard
mineral fertilizers (Seitnazarov A.R., Tur-
dialiev U.M., Namazov Sh.S., Beglov B.M.,
Dekhkanov Z. K., Kurbaniyazov R. K., 2017).

In table 1 and 2 show the chemical com-
position of glaconite sands and nodular
phosphorites of Karakalpakstan, used as raw
materials for the production of organomi-
neral fertilizers. The content of P,O, in the
samples is relatively low and ranges from
6.19-22.84%. The highest content of P,0, is
observed in the ore of the Khodzhakul and
Sultan- Uizdag occurrences. The sample from
Beshtyube is the poorest phosphate mineral in
phosphorus. The P,O, content in them ranges
from 5.8 to 7.98%. Calcite reaches 55-58% of
the ore mass. Phosphorites are distinguished
by high ratios R,0,: P,O, and Fe,O,: P,O..

To develop a technology for producing
organomineral fertilizers based on agricul-
tural ores of Karakalpakstan, information on
physical and mechanical properties is needed.
These properties include: humidity, bulk den-
sity, angle of repose, fluidity, pH, hygroscopic-
ity and moisture holding capacity. The results
of these properties are given in Table 3.

So, at a humidity of 2.0-2.28%, the free
bulk density for Krantausky is 0.99 g/cm 3; for
Beshtyubinsky — 1.02 g/cm?; for Khodzhakul
glauconite — 1.21 g/cm?, and with compaction
it is 1.28; 1.48; 1.35, respectively. The angle
of repose for the Krantau glauconite is 25 de-
grees; for the Khodzhakul and Beshtyubinsk
glauconites, this figure is 22—26 degrees. Their
flowability is 18.04-19.17 seconds. Determi-
nation of fluidity showed that they are equal
to 10 points for all samples. The hygroscopic
point for the 1st sample was equal to 37.3%;
204 —39,9%; 34— 38.7%. Their low value is ex-
plained by the ability of glauconite to swell in
water and retain it in large quantities in the
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interplanar spaces. The maximum moisture
capacity of glauconite clays is 6.24-7.52%,
and at higher humidity the raw material loses
its friability. Glauconites with a pH from 6.92
to 7.95 normalize soil acid- base balance. It
should be noted that the dispersed composi-
tion and physical and mechanical properties
of various samples for different times from the
Krantau deposit as an additive.

During the reporting period, organomi-
neral fertilizers were obtained in laboratory
conditions by chemical activation of phos-
phorites and glauconites of Karakalpakstan
with ammonium sulfate and nitrate. Phos-
phorus in the soil is in the form of tricalcium
phosphate, which does not dissolve in the
soil solution. As a result of using the new fer-
tilizers we have received, phosphorus in the
soil turns into a soluble form.

Based on the chemical activation of
Khodzhakul phosphate rock and glauconite
from the Krantau deposit, phosphorus-con-
taining fertilizers were obtained. Applying
these phosphorites directly, as fertilizers,
without prior activation is not effective.

The mechanism of the process of activa-
tion of phosphorites with solutions of ammo-
nium sulfate and ammonium nitrate proceeds
according to the following scheme. Under the

Section 1. Chemistry

influence of solutions of ammonium salts, the
main minerals (calcium fluorapatite and cal-
cite) of phosphorite decompose. An exchange
reaction occurs between the components of
phosphorite and the activating reagent. As a
result of the dissociation of ammonium sul-
fate, an acidic environment is formed in the
solution. The resulting acid ions react pri-
marily with calcite. At the next stage, with the
entry of ions into fluorocarbonate -apatite,
the diffusion process is accelerated and their
specific effective surface area increases. In
the solution, aqueous and plant-assimilated
forms of PO, phosphate minerals are formed.
The study established that the process of
activation of FM with a solution of ammoni-
um nitrate (pH = 4.4 — 4.8) compared to am-
monium sulfate proceeds more slowly. When
2 g FM is processed in a 2% solution of am-
monium nitrate, the content of the digestible
form of P,O, is 31.5%, and 11.6% R,0, is in
water-soluble form. With an increase in the
concentration of ammonium nitrate solution
from 5 to 20%, the content of the digestible
form of P,O, increases by an average of 1.35
times. After activation, the reaction medium
becomes almost neutral. The weight ratios of
phosmuca and glauconite were 10(10: 1; 10:
:2;10:3;10:4;10:5).

Phosphate rock and different weight ratios of glauconite were takenl0 gr

No. 1 2
10+101:1 10+201:2

In the first version, the mixture was
stirred in a porcelain cup and moistened
with water, after which, stirring vigorously,
it was poured onto a sieve, where granules
were formed. The resulting granules were
dried in a thermostat for 2 hours at a tem-
perature of 80—100 °C. The external shape

10+301:3

3 4 5
10+401:4 10+501:5

of the product granules is similar to the
shape of ammonium nitrate granules. After
that, the strength of the resulting granules
of size 2 was measured 3 mm and a chemical
analysis was carried out for the digestible
form of P,O.. Experimental data are shown
in Table 4.

Figure 1. Phosphorus content and its relative digestibility in fertilizer made from glau-
conite and phosmuca Khodzhakul deposit in various mass ratios (ammonium sulfate)

100

=

60 -
5% 10% 20% 30%

Mass ratios of
glauconite + phosphorous
et
—f=-2;1
3;1
Eaanl 1

40% 50% 51

Ammonium Sulfate Concentrate
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It should be noted that recently microele-
ment-containing fertilizers are practically not
used in the cultivated areas of the Republic,
although plants need them only in very small
quantities, but without them plants cannot
develop normally. This is explained by the
fact that microelements are part of enzymes,
vitamins, hormones and other physiological-
ly active compounds that play an extremely
important role in the processes that occur in
living organisms.

Phosphorus and glauconite sand as ad-
ditives, due to the fact that glauconite, a clay
mineral of variable composition, has a high
content of a complex of macro and microele-
ments. The beneficial effect of glauconite on

Section 1. Chemistry

increasing plant productivity is manifested
in various directions. It improves the soil
structure, increasing its permeability, which
is especially important on heavy soils. Pos-
sessing high selectivity towards large cat-
ions, glauconite accumulates such essential
plant nutrition elements as nitrogen, phos-
phorus and potassium in the form of bulk
cations and sorbs NH 3, and then slowly
releases them during plant growth, playing
the role of a prolongator. Digestible forms
of fertilizers adsorbed by glauconite are pre-
served from leaching; the loss of ammonia
nitrogen due to nitrification and volatiliza-
tion is reduced.

Table 2. Phosphorus content and its relative digestibility in phosphate fer-
tilizer Khodzhakul deposit and glauconite in various mass ratios

90

80

ey

70

Fosmuca + Ammonium Sulfate

Ammonium Nitrate

50 /

40 T T T

50;5 50;10 50;20

Therefore, we carried out its granulation
in laboratory conditions using the rolling
method. To do this, the dust-like product
was placed in a porcelain cup, the required
amount of water was dosed and vigorously
stirred with a glass rod. In this case, moist
round- shaped particles were formed; the
mass of these particles was dried at 80 °C,
and solid granules were obtained. They
cooled and then dispersed particle 3 mm size
2 —were analyzed for granule strength.

Experiments were carried out with var-
ious mineral salts at different ratios with
phosphate flour and glauconite.

The results show that the mechanochem-
ical activation of phosphate flour with potas-

50;30

50;40

sium dihydrogen phosphate and potassium
chloride produces highly concentrated RA
fertilizers containing from 16.97-25.78% of
the total form of P,O..

The amount of nutritional components
in the products ranges from 67.81 to 84.80%
for citric acid; the granules of the resulting
products have sufficient strength (2.17-
—-5.19 MPa).

With the addition of glauconite, the rel-
ative content of the digestible form of P,0O,
increases relative to the total, ranging from
80.26—-96.60% granule strength (from 2.59—
—3.72 MPa) and meets the requirements of
agriculture.
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Abstract

The study aims to propose solutions to limit the possibility of flame propagation on the ver-
tically placed surface of wood materials used in Vietnam. In order to come up with solutions,
it is necessary to understand the factors that affect the ability to spread flame on the surface
of the vertically placed wood material. Experimental methods according to ISO 5658—-2:2006
are used to determine the degree of influence of each factor on the ability to spread fire, includ-
ing: Humidity, material thickness and heat source capacity. The study has shown the effect of
increased humidity, wood material thickness and heat source capacity on the ability to spread

flames on vertically placed wood surfaces.

Keywords: fire spread, heat source capacity, humidity, material thickness

Introduction

Wood materials are commonly used in
Vietnam due to their high aesthetics, main-
ly used as tiling materials or decorative par-
titions. Besides, the disadvantage of natural
wood materials is that they are flammable,
easy to spread fire on the surface of the mate-
rial. The change in the characteristics of wood
under fire conditions as well as fire protec-
tion measures for wood materials have been
focused on research. However, studies focus
mainly on issues such as the thermal decom-
position process of wood under fire conditions,

the fire hazard properties of wood materials
such as ignition, smoke and toxin capacity,
and the ability to spread flames on the sur-
face of wood materials. The current published
studies on flame propagation on the surface
of wood materials mainly focus on evaluating
the degree of fire propagation to classify ma-
terials according to fire hazard. Meanwhile,
factors affecting the ability to spread fire on
the surface of wood materials vertically under
use conditions in Vietnam have not been spe-
cifically studied. The article aims to provide
a method to determine the fire propagation
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on the vertical surface of some popular wood
materials in Vietnam, including: natural wood
and MDF artificial wood. At the same time,
the parameters affecting the ability to spread
fire on the surface of the vertically placed ma-
terial of wood materials under fire conditions
are determined.

Experimentally evaluate the ability
to spread flame on the surface of
vertically placed materials of natural
wood and MDF artificial wood

Natural and artificial wood materials are
commonly used in Vietnam, when using wood
materials, they also take advantage of locally
available materials. Each year, planted timber
provides about 25 million m? for the construc-
tion industry (Vu Huy Dai, Ta Thi Phuong
Hoa, Vu Manh Tuong, Do Van Van, Nguyen
Tu Kim, 2016). In addition, due to the grad-
ual depletion of natural wood resources, the
demand for wood products is increasing, ar-
tificial wood is a product with a rapid devel-
opment rate. Commonly used artificial wood
boards in Vietnam include plywood, particle-
board and fiberboard (MDF wood).

The effect of moisture content, materi-
al thickness and heat source capacity on the
ability to spread flame on the surface of wood
material vertically is determined according
to the experimental survey method based on
the test procedure specified in ISO 5658-2 :
: 2006. Test measurements were performed
on natural and artificial wood with variations
in moisture content, material thickness and
heat source capacity.

Each sample group of wood materials for
testing is randomly selected from natural
wood in Vietnam and MDF artificial wood,
including 03 samples with a width of 155 mm
and a length of 800 mm, nourishing samples
in room conditions to a constant volume.
The test to determine the effect of the thick-
ness of wood materials includes 03 sample
nests with a thickness of 7 mm respectively;
18 mm and 25 mm. The test to determine
the effect of humidity consists of 03 sample
nests with humidity of 7%, 12% and 18% re-
spectively. The test to determine the effect of
the heat source capacity consists of 03 sam-
ple sets with a thickness of 18 mm, humidity
of 12% tested with heat source capacity of
20 kW/m?2, 35 kW/m? and 50 kW/m?.

Section 2. Materials Science

The test procedure for determining the
ability to spread fire on the surface of materials
vertically complies with the procedure speci-
fied in ISO 5658-2 : 2006. The test equipment
is composed of three main parts, including: an
open flame heating element and thermal radi-
ation, a sensor unit that records heat flux and
a synchronous computer with the manufac-
turer’s IMO Soft software installed. Thermal
radiation heaters have adjustable radiation
intensity up to approx. 62 kW/m?, surface
temperature up to approx. 750 °C.

The ability to spread fire over a material’s
surface vertically is classified according to
the critical surface heat flux intensity (Min-
istry of Construction (2022). In addition, to
evaluate the influence of factors on the ability
to spread fire on the surface of the material
vertically, the length of the burnt sample and
the rate of fire propagation on the surface of
the wood material in the vertical direction
are also noted.

Results and discussion

The test results show that the correlation
between moisture content, material thick-
ness, heat source capacity, and ability to
spread fire on the surface of the material is
indicated through the critical heat flux inten-
sity. The greater the humidity and thickness
of the wood material, the increase in critical
heat flux intensity corresponds to the re-
duced ability of fire propagation on the sur-
face (Figure 1, 2). Conversely, the more the
heat source capacity increases, the lower the
critical heat flux intensity corresponding to
the increased ability to spread fire on the sur-
face (Figure 3).

Research published in Russia shows that
the test results on coniferous wood are similar
to the types of wood being used in Vietnam.
When the moisture content of the wood is
changed from 1.6 + 13%, the thermal radiation
intensity of the flame decreases from 29.4 +
+ 21 kW/m? and the flame propagation veloc-
ity decreases from 2.66 + 0.91 mm/s (equiv-
alent to a decrease of nearly 3 times) (An-
drosov A.S., Begishev I.R., Saleev E.P., 2007).
Increased humidity, reduced heat flux intensity
due to increased heat losses for heating evapo-
rate the water contained in the wood material
out of the layer the surface of the material, due
to which the velocity of thermal decomposition
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is reduced. In addition, water vapor in natu-  zone, reducing the temperature of the flame,
ral convection currents enters the combustion  the likelihood of radiation is reduced.

Figure 1. The effect of moisture on the ability to spread flame over the sur-
face of the material vertically (Nguyen Nhu Dung, Dinh Cong Hung (2023)
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Research shows that with an increase in  propagation velocity decreases mainly due to
thickness, the rate of flame propagation de- the increased amount of heat and cost to heat
creases. As the thickness of the solid combus-  in depth (Figure 2).
tible substance sample increases, the flame

Figure 2. The effect of material thickness on the ability to spread flame over the
material surface vertically (Nguyen Nhu Dung, Dinh Cong Hung (2023)
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The smaller the heat source capacity, the ticular, the heat supply to create a fire reac-
greater the heat loss, the flame propagation tion zone plays a major role. The heat to cre-
rate slows down gradually, and the flame can  ate the combustion reaction zone depends on
be extinguished (Figure 3). The spread of the heat source capacity and heat loss from
flame on the surface of wood material follows  this zone to the outside.
the general law of flame propagation. In par-
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Figure 3. The effect of heat source capacity on the ability to spread flame over
the material surface vertically (Nguyen Nhu Dung, Dinh Cong Hung (2023)
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Experimental results show that moisture,
material thickness and heat source capacity
have a certain effect on the ability to spread
flame on the surface of vertically placed ma-
terials. From there, some solutions are pro-
posed to limit the possibility of spreading fire
on the surface of vertically placed materials as
follows:

— For production: To limit the possibility
of spreading fire, technical measures should
be taken to limit moisture changes over a
wide range. Current methods include wood
drying and chemical wood preservation. For
wood storage, it is necessary to classify and
arrange by humidity with a safe distance for
fire protection (including fresh wood, dried
wood). In addition to wood drying, chemi-
cal wood preservation methods can be used
to limit the impact of the environment on
changes in moisture content of wood mate-
rials. For wood with a thickness of less than
5 mm such as sawdust, packaging and card-
board, wood scrap needs to focus on sorting
and arranging materials in a neat warehouse
with moderate density and the distance be-
tween other sorting areas is large enough to
prevent fire from spreading when a fire oc-
curs. Use thermal sensors at large material
storage areas to detect fire early. In addition,
flame propagation decreases when the heat
source capacity or ambient temperature in
a fire decreases. To reduce the ambient tem-
perature in a fire, cooling measures should be

taken to reduce the ambient temperature in
the fire. The main cooling measure in Viet-
nam is to equip automatic fire extinguishing
systems. In addition, for warehouses, wood
factories need to be equipped with an auto-
matic alarm system to detect fire early when
the heat source capacity is small.

— For use: Finished wood materials put
into civil use have a moisture content of 8—14%.
When environmental conditions change, pro-
longed heat, dry weather, moisture content in
wood materials decreases, increases the risk
of fire spread (Androsov A.S., BegishevI.R.,
Saleev E.P., 2007), measures must be applied
to limit the risk of fire and explosion such as
strict management of heat and fire sources;
use ventilation, air conditioning to limit the
change in humidity in wood materials ... When
using finished wood materials, it is necessary
to pay attention to the thickness to limit the
spread of fire on the surface of the material.
Materials with a thickness greater than 5mm
have the ability to limit the spread of fire on
the surface of the material, and the spreading
flame tends to extinguish itself gradually as the
thickness of the material increases.

Conclusions
The article has proposed measures to lim-
it the spread of fire on the vertically placed
surface of natural wood and MDF artificial
wood according to influencing factors includ-
ing: moisture content, material thickness
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and heat source capacity. At the same time, retardant materials. To limit the spread of
the research results found that MDF materi- wood materials, artificial wood materials can
als have the ability to limit the spread of fire =~ be used with surface treatment with a thick-
on the surface better than natural wood ma-  ness of 5mm and moisture content of 12% or
terials due to surface treatment with flame more.
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Abstract

Loop closure detection is significant within the field of robotics due to its role in enhancing ac-
curacy and system efficiency. This study focuses on differentiating between closed-loop and open-
loop behaviors in robotic arm motion using a forward dynamics dataset. Closed-loop systems offer
heightened accuracy and reliability, finding widespread utility in automotive manufacturing, while
open-loop systems, characterized by distinct traits, are extensively employed in entertainment
industries. Leveraging a vast dataset encompassing millions of data points covering both closed
and open loop movements, this paper employs classical machine and deep learning methodologies
to classify such behaviors. Using conventional machine learning models, the discriminatory power
is observed to be impressive, with decision trees yielding classification accuracies and F1-scores of
up to 90%. Complementing these efforts, a neural network model is employed, achieving a similar
accuracy of 91%. This research not only builds upon existing work but also introduces a novel
comparative framework that to the best of our knowledge has been unexplored for such a large
dataset. By harnessing data generated from a 3-degree-of-freedom robotic arm, the study shows
success in discerning the fundamental nature of open-loop or closed-loop configurations. This
paper contributes to advancing the understanding of loop closure detection, holding implications
for enhancing robotic control and performance across diverse applications.
Keywords: Deep learning, supervised learning, prediction, classification, Machine learning,
Forward Dynamics, Neural Networks, Robotics

1. Introduction previously visited states or configurations, en-
Loop closure detection, a task central to  abling arobot to reconcile and comprehend its

robotic autonomy, involves the recognition of  position in its environment or configuration
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space (Bombois et al., 2015). This capability
becomes even more crucial when discussing
robotic arms, devices that, by their nature,
have the potential for high degrees of redun-
dancy. Identifying and avoiding repetitive
motions is critical for tasks that demand effi-
ciency, from delicate assembly lines in indus-
tries to precise medical surgeries.

At the heart of robotic motions lies for-
ward dynamics, an approach that predicts
future states based on current conditions and
inputs. Traditional systems utilizing forward
dynamics alone offer foundational predict-
ability rooted in the principles of causality
and determinism, drawing from the well-es-
tablished laws of physics to predict a system’s
trajectory based on its present state and the
forces influencing it (Borovic et al., 2005).
Forward dynamics involves solving equations
of motion and applying Newtonian mechanics
to model how forces and accelerations affect
a system’s movement over time, providing a
deterministic link between initial conditions
and future behavior. However, these tradi-
tional techniques can face challenges when
confronted with intricate tasks or unexpect-
ed disruptions, prompting the integration of
machine and deep learning to complement
these approaches. This synergy between for-
ward dynamics and learning techniques em-
powers robots to manage the complexities of
real-world environments and tasks that may
elude deterministic models, enabling them to
possess both foundational predictability and
the capacity to learn and adapt from interac-
tions with their surroundings. As robotic arms
operate within dynamic and unpredictable
environments, the integration of machine and
deep learning techniques provides a promis-
ing pathway to enhance adaptability and pre-
cision (Agudelo-Espana et al., 2020).

Before diving further, it’s imperative to
understand the difference between open-
loop and closed-loop systems in robotic
arms. Open-loop systems, often referred to
as feed-forward systems, operate based on
a predefined set of instructions without any
feedback mechanism. They execute tasks
without adjusting to discrepancies or envi-
ronmental changes (Surati et al., 2021). In
contrast, closed-loop systems, or feedback
systems, constantly take input from sensors
or other feedback mechanisms, adjusting

Section 3. Mechaning engeeniring

their behavior based on this feedback. This
inherent adaptability makes closed-loop sys-
tems more responsive to real-world dynam-
ics (Soori et al., 2023). However, the chal-
lenge lies in determining whether a robotic
arm is functioning in an open or closed-loop
manner during its operations. This distinc-
tion becomes vital as closed-loop systems
often require more computational resources
but offer superior precision, while open-loop
systems are faster but might not be as accu-
rate in dynamic environments.

With the rise of Model Predictive Control
(MPC) in robotic applications, the integration
of machine learning models becomes even
more compelling. MPC, at its core, is about
making decisions based on predicted future
states. When merged with deep learning mod-
els, as seen in innovations like Model Predic-
tive Interaction Control (MPIC), there’s an en-
hancement in both the accuracy of predictions
and the quality of interactions between the
robot and its environment (Vaisi, 2022).

Recent research also emphasizes the po-
tential of ML and DL in predicting whether
a robotic arm is operating in an open-loop
or closed-loop manner. By predicting this
state accurately, one can optimize the sys-
tem’s computational efficiency and precision,
tailoring its operations based on real-time
requirements (Trianni and Lopez-Lbanez,
2015). Such predictions could play a pivotal
role in sectors where both speed and preci-
sion are vital, allowing robotic arms to switch
between modes as required.

Furthermore, the paradigm of machine
learning in robotics extends beyond mere pre-
dictive accuracy. Loop closure detection can
benefit immensely from other learning para-
digms such as imitation learning, where robot-
ic arms learn from human demonstrators, and
transfer learning, which allows for the trans-
fer of knowledge across different tasks or even
different robotic platforms. The integration of
these methods ensures that robotic arms do
not waste computational resources relearning
or re-exploring configurations they’ve previ-
ously encountered, further enhancing efficien-
cy (Gold et al., 2021; Mellatshahi, 2021).

In the broader perspective, the realm of
loop closure detection in robotic arms stands
at an intersection. On one side, we have the
established foundation of forward dynam-
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ics and the conventional wisdom of open vs.
closed-loop systems, on the other, the rapid-
ly evolving world of machine learning. As re-
search progresses, it’s becoming abundantly
clear that the union of these domains offers
a pathway to robots that are not just autono-
mous but also incredibly adaptive and intelli-
gent (Liu et al., 2021).

The quest for such an integration is not
just academic. As industries and medical
fields become increasingly reliant on robot-
ic arms for precision tasks, the demand for
machines that can seamlessly integrate into
dynamic environments, recognize their his-
torical interactions, and adapt on-the-fly
becomes paramount. This fusion of forward
dynamics and machine learning, as under-
scored by recent research, seems poised to
deliver on this front, heralding a new era in
robotic arm capabilities and applications.

In this paper we look at a comprehensive
forward dynamics dataset consisting of up to 9
million rows of data. To the best of our knowl-
edge this is one of the largest such datasets on
which such a study exploring the feasibility of
ML and DL methods has been conducted.

The rest of the paper is organized as fol-
lows: Section 2 explains the research meth-
odology, Section 3 discusses the obtained
results from various models, and Section 4
summarizes the research conclusions.

Results

In this section, a comprehensive analysis
of accuracy outcomes for the conventional
models is presented, followed by a detailed
examination of the top-performing Decision
Tree model. Each model’s performance is
meticulously evaluated across diverse data-
set sizes, encompassing 1 million, 1.8 mil-
lion, 2.7 million, 4.5 million, 6.3 million,
and 9 million instances. These insights offer
a profound understanding of the models’ ca-
pacities and limitations in various data con-
texts. This is shown in Figure 5.

The Decision Tree model emerges as a
focal point, showcasing a remarkable accura-
cy escalation as dataset size increases. Com-
mencing at 84% accuracy with a dataset of
1 million instances, it attains an impressive
90% accuracy with 9 million instances. This
pronounced surge underscores the model’s
inherent ability to delineate intricate deci-
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sion boundaries, effectively capturing com-
plex relationships within data structures. The
Decision Tree model adapts seamlessly to en-
compass a larger number of data instances,
refining its predictive potential.

In tandem, the SVM model demonstrates
incremental accuracy improvements with ex-
panding dataset sizes. Progressing from 73%
to 79%, its pattern of enhancement signifies
SVM'’s proficiency in outlining intricate deci-
sion boundaries within higher-dimensional
spaces. Yet, the model’s scalability is chal-
lenged by computational demands posed by
larger datasets.

Conversely, the Random Forest model,
despite its commendable performance, does
not surpass the Decision Tree model. With
an accuracy of 85% on a dataset of 9 million
instances, its ensemble framework efficient-
ly addresses overfitting concerns. However,
nuanced analysis reveals the Decision Tree’s
singular accomplishment of 90% accuracy —
attributed to its remarkable ability to deci-
pher intricate decision boundaries within the
dataset.

On the other end of the spectrum, the
Logistic Regression model consistently lags
behind its counterparts. Starting at 77% ac-
curacy with 1 million instances, it reaches
83% with 9 million instances. This relative
underperformance arises from the model’s
simplicity in capturing linear relationships
within data. As dataset complexity expands,
the model’s linear assumptions may fall short
in encapsulating intricate decision boundar-
ies, affecting its predictive efficacy.

A closer examination unveils the Logistic
Regression model’s vulnerability to complex
data interdependencies. Reliant on linear re-
lationships, it might struggle to navigate in-
tricate relationships present in the dataset.
Unlike the Decision Tree’s ability to discern
intricate boundaries, the Logistic Regres-
sion model’s simplicity may under-represent
non-linear patterns, particularly within larg-
er datasets.

For the neural network, the attained accu-
racies at different dataset sizes are as follows:
87% for 1 million instances, 87% for 1.8 mil-
lion instances, 89% for 2.7 million instanc-
es, 90% for 4.5 million instances, and 91%
for both 6.3 million and 9 million instances.
This sequence of accuracy values reveals a
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consistent upward trajectory in performance
as the dataset size increases.

The model’s accuracy progression from
87% with 1 million instances to 91% with
9 million instances underscores its capa-
bility to effectively leverage larger datasets.
This improvement in performance can be

Section 3. Mechaning engeeniring

attributed to the neural network’s inherent
adaptability and capacity to capture intricate
patterns present in more extensive datasets.
The model’s architectural flexibility enables
it to discern higher-order features and rela-
tionships as the dataset expands, leading to
enhanced predictive accuracy.

Figure 5. Accuracies for all dataset sizes and models
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The observed correlation between dataset
size and accuracy underscores the neural net-
work’s aptitude for data-driven insights. This
trend of increasing accuracy with larger data-
sets substantiates the model’s proficiency in
uncovering nuanced patterns that are other-
wise less discernible with smaller datasets.
It reflects the model’s adeptness at grasping
complex data relationships and effectively le-
veraging them to make accurate predictions.

Discussion of Results

The comprehensive analysis of both tra-
ditional machine learning models and the
advanced neural network architecture re-
veals discernible trends in classification and
regression tasks. The Decision Tree model
consistently emerges as a strong contender,
exhibiting commendable accuracy across di-
verse dataset sizes. Its attainment of 90% ac-
curacy underscores its significance, driven by
its intrinsic capability to discern intricate de-
cision boundaries and adapt to varying data
scenarios.

On the contrary, the Support Vector Ma-
chine (SVM) model demonstrates relatively
modest performance in both classification
and regression tasks. The SVM’s limitations
in handling intricate feature interactions and
its sensitivity to hyperparameters contribute
to its relatively subdued accuracy. Despite
these constraints, recognizing its contextual
relevance remains crucial for specialized ap-
plications.

The Random Forest model stands out as
a robust competitor, maintaining consistent
accuracy across different dataset sizes. Its
ensemble nature, harnessing multiple deci-
sion trees, reinforces predictive reliability.
Meanwhile, the Logistic Regression model
consistently upholds its credibility, deliver-
ing respectable accuracy across datasets of
varying extents.

The pinnacle of performance is reached
through the meticulously designed neural
network architecture, consistently achieving
an impressive 91% accuracy. This under-
scores the model’s adaptability in capturing
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intricate data patterns. The refined equilibri-
um achieved between model complexity and
generalization, through iterative adjustments
to hidden layers, serves as a foundation for
consistent accuracy enhancements.

The neural network’s supremacy aris-
es from its architectural flexibility. Deep
learning models, exemplified here, allow for
customization of layer structures to cater to
data nuances. The neural network’s inher-
ent architecture, tailored for sequential and
temporal data, magnifies its predictive ca-
pabilities. Incremental training mechanisms
further bolster this advantage, enabling
adaptive improvements across successive ep-
ochs. The neural network’s capacity to learn

Section 3. Mechaning engeeniring

and retain contextual information within the
dataset amplifies its proficiency in processing
extensive sequences.

Methodology

The overall methodology of the paper is
shown in figure 1 and is as follows: data was
used from the existing dataset involving a
3 degrees of freedom DOF robotic arm (Di-
ego, 2020); the data was preprocessed into a
dataset which was used to train both a set of
conventional machine learning models and
a neural network. The F-1 scores and accu-
racies were then calculated for each model.
These steps are highlighted in the subsec-
tions that follow.

Figure 1. Flowchart of the research process
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Data Preprocessing

The training data used was through a for-
ward dynamics dataset involving a 3 DOF
robotic arm; the initial dataset consists of 54
million rows of data and 3 columns. This ro-
botic arm dataset has been tested in closed
loop and open loop environments. The follow-
ing data were collected for both systems: mea-
sured velocity, constrained torque, measured
torque, measured angle. By combining both
the data from both closed loop and open loop
datasets, a merged dataset with a combination
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of both control systems were formed. In total
there were over 54 million rows of data, out
of which, the data size was reduced in quanta
ranging from 1 million to 9 million data rows
for feasibility of processing). This was done by
randomly selecting 100000—1000 000 rows of
data from each set of data.

The data contains 3 columns of numer-
ical data, the other two columns were added
simply for -classification purposes during
training. As shown below:
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Table 1. Table Illustration

Sequence Sequence = Number of degrees . ) Open loop/Closed
Classification of data
Rollouts Length of freedom loop
-0.327145 -0.329200 -0.311136 Constrained Torques Closed Loop
0.343809  —0.132684 0.183878 Desired Torques Closed Loop
-0.339387 0.148001 0.344629 Measured Torque Close loop
1.668972 1.517300 3.097472 Measured Angles Open Loop
4.654593 0.532875 —1.17895 Measured Velocity Open Loop

The first three columns allow the models
to learn and predict whether the system is
open loop or close loop. The data pertaining
to “Sequence Rollouts,” “Sequence Length”,
and the “Number of Degrees of Freedom” play
a pivotal role in predicting whether a robotic
arm operates within an open loop or closed
loop system framework. After analyzing
the dataset and comparing data from open-
loop and closed-loop systems in the robotic
arm, several key trends emerged. First, “Se-
quence Rollouts,” representing predefined
movements, provided insights into real-time
adaptability. The “Sequence Length” played
a role in indicating precision and alignment
with closed-loop systems, with longer se-
quences favoring such systems, while short-
er ones were associated with open-loop sys-
tems. Additionally, the “Number of Degrees
of Freedom” influenced control complexity,
with higher degrees favoring closed-loop
systems, necessitating advanced control
methods, while lower degrees were typical of
open-loop systems.

These findings highlight the distinctions
between open and closed-loop systems in
the robotic arm context. The fourth column
serves the purpose of classification, delin-
eating the specific measurement category to
which each corresponding row relates. These
classifications encompass nine distinct types:
encompassing measured velocities, measured
torques, constrained torques, measured an-
gles, measured velocities sine, measured
torques sine, constrained torques sine, de-
sired torques sine, and measured angles sine.
Notably, the initial quartet pertains to open-
loop data, while the latter quintet pertains to
closed-loop data. The fifth column assumes
the role of differentiating between the row’s
status as open-loop or closed-loop data. In
summary, the integrated utilization of the first
three columns, alongside the detailed classi-
fications within the fourth and fifth columns,
empowers the models to proficiently differen-
tiate between open loop and closed loop sys-
tems, while also contributing to the enhanced
predictive capabilities of the entire framework.

Table 2. One-Hot Encoding for Column 4

Column 4
Mea- M C M Mea- Mea- Con- Mea-
ea- on- ea-
sured . sured sured strained sured Desired
] sured strained sured .
Veloci- Velocity Torques Torques Angles Torques
. Torques Torques Angles . . ) .
ties Sine Sine Sine Sine
1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1
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The dataset underwent preprocessing by
using one-hot encoding, leading to the cre-
ation of encoded features that captured rel-
evant attributes. Columns 4 and 5 were one-
hot encoded as shown in Tables 1 and 2. The
dataset was divided, allocating 30% of the
data for training and reserving the remaining
70% for comprehensive testing. Additionally,
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a subset of the training data was further set
aside for validation purposes, enabling thor-
ough assessment during the model training
process. Data preprocessing played a pivot-
al role, ensuring cleanliness and outlier-free
datasets. Exploratory data analysis revealed
essential patterns and correlations that in-
formed subsequent decisions.

Table 3. One-Hot Encoding for Column 5

Column 5
Open Loop System Closed Loop System
1 0
0 1

Software & Hardware Tools

Data preprocessing and model training
were conducted in Python, employing core li-
braries including NumPy, Pandas, and scikit-
learn for efficient data manipulation, scaling,
and classification. The deep learning compo-
nent utilized TensorFlow and Keras, encom-
passing diverse layers, optimizers, and call-
backs. This integrated approach facilitated
robust analysis and model construction.

Conventional ML Models

The four conventional machine learning
models serve as a benchmark for the neural
network approach. A systematic examination
of conventional machine learning models
was undertaken to discern the operation-
al paradigm of the system, classifying it as
open loop or closed loop based on the avail-
able data. Support Vector Machines (SVM),
Decision Tree, Random Forest, and Logistic
Regression were the models of choice. These
models were chosen for their wide recogni-
tion and versatility in addressing classifica-
tion tasks. The SVM model was instantiated
with a linear kernel, enabling it to effectively
draw decision boundaries between classes.
In the case of the Decision Tree, its parame-
ters were configured, notably including max-
imum depth and criteria for splitting, thus
enhancing its discriminatory power. The
Random Forest classifier consists of an en-
semble of decision trees, each contributing to
the overall prediction consensus, with specif-
ic emphasis on the number of trees and their
maximum depth. Additionally, the Logistic
Regression model, prized for its simplicity

and interpretability, served as a benchmark
for the subsequent analyses.

After training the models, a series of pre-
dictions was carried out on both the valida-
tion and test datasets. Rigorous assessments
of model performance ensued, encompassing
metrics such as accuracy and comprehensive
classification reports. This multifaceted an-
alytical progression is complemented by an
iterative testing approach that encompasses
dataset sizes ranging from 1 million to 9 mil-
lion data points in the following quanta-1 mil-
lion, 1.8 million, 2.7 million, 4.5 million, 6.3
million, and 9 million. This comprehensive
experimentation strategy lays the ground-
work for a subsequent in-depth exploration
of a deep learning model’s effectiveness when
compared to the established machine learn-
ing models.

Deep Learning: Neural Networks

This research advances beyond conven-
tional machine learning paradigms, culmi-
nating in the formulation of a sophisticated
deep learning neural network model shown
in Table 3. The upcoming discussion will ex-
plain how this neural network is constructed
and configured, highlighting that it is more
effective at making predictions than the
methods used before it.

In pursuit of optimizing the neural net-
work’s performance, a methodical approach
was undertaken. The process commenced
with a rigorous exploration of the model’s ar-
chitecture, involving variations in the num-
ber of layers, units per layer, and activation
functions. This iterative refinement enabled
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the model to strike an equilibrium between
complexity and predictive efficacy. Activation
functions were meticulously evaluated, initial-
ly employing Leaky ReLU and subsequently
scrutinizing ReLU and Mish for potential ac-
curacy enhancements. Overfitting was metic-
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ulously addressed through the introduction
of L2 regularization and dropout techniques,
with careful adjustments made to regulariza-
tion strength. The strategic placement of batch
normalization within the model aimed at max-
imizing training stability and convergence.

Table 3. Neural Network details

Optimization Details

Data Loading Loading data from the merged dataset
Target Label En-  Encoded target labels ‘Column5’ and ‘Column4’ using LabelEncoder
coding (‘le5’ and 1e4)

. Split data into training and testing sets (X_train, X_test, y_train,y_
Data Splitting

test).

Data Standardiza- Standardized features using Standard Scaler (scaler).
tion

Neural Network
Model

Constructed a Sequential model (model) with multiple layers.

— Input Layer: 256 neurons, normal initialization, L2 regularization

Model Architec-

(0.01), Leaky Re LU activation, batch normalization, dropout (40% rate).
P

— Hidden Layers: Depths of 128, 64, 32, and 16 neutrons with Leaky
Re LU activation, batch normalization, and dropout (40% rate).

ture

— Output Layer: Single neuron, sigmoid activation function.

Model Compila-

tion

Callbacks

Compiled the model with Adam optimizer (learning rate: 0.0005),
binary cross-entropy loss, and accuracy metric.
Defined Early Stopping (patience: 15 epochs) and Reduce LROn Pla-

teau (factor: 0.1, patience: 7) callbacks for training optimization.

Trained the model with batch size of 32, 150 epochs, sample weights

Training
reduce_lr).

Model evaluation

computed using “balanced” strategy, and callbacks (early_stopping and

Evaluated the model’s performance on the test dataset using classifica-

tion_report from sklearn.metrics.

Hyperparameter tuning played a pivot-
al role, with systematic adjustments to the
learning rate, batch size, and epoch count for
optimized convergence behavior. Diverse opti-
mization algorithms, including Adam and RM-
SProp, were exhaustively investigated for their
potential to improve model convergence. The
integration of early stopping and learning rate
reduction strategies was instrumental in avert-
ing overfitting and enhancing training efficien-
cy. Feature engineering enriched the model’s
predictive capability by introducing novel
information. An exhaustive hyperparameter
tuning process, encompassing grid search and

random search methodologies, meticulously
fine-tuned the model’s configuration.

The iterative refinement process, guided
by continuous evaluation on both validation
and test datasets, culminated in a well-cali-
brated neural network architecture. At its
core, this architecture adheres to the sequen-
tial model structure intrinsic to deep learn-
ing frameworks. It harmoniously combines
organized layers with efficient data flow,
expediting the intricate process of feature
learning. The model, calibrated to utilize the
Adam optimizer with a learning rate of 0.001,
adeptly minimizes binary cross-entropy loss
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while meticulously tracking accuracy during
150 training epochs with a batch size of 32.
Addressing class imbalance, sample weights
were calculated using the ‘balanced’ strate-
gy. The reinforcement of training was further
bolstered by callback mechanisms, including
early stopping and learning rate reduction,
promoting timely convergence and princi-
pled adaptation. Model evaluation rigorous-
ly adhered to academic standards, with the
‘classification_report’ function employed to
substantiate the model’s prowess across var-
ious class delineations through precision, re-
call, F1-score, and support metrics.

In conclusion, this deep learning neural
network is characterized by tested height-
ened accuracy and resilience.

F1 Scores

The models were each compared using
the F1 scores they obtained on the validation
data. For binary classification problems, the
F1 score is calculated by this equation (Kun-
du, 2022).

F1 Score = 2* ((Precision * Recall)/
/(Precision + Recall))

Precision is the ratio of the number of true
positives to the sum of true positive and false
positives. The precision in F1 Score shows how
close the measured values are to each other.
Recall is the comparison of true positives to
the sum of true positive and false negatives
like precision but they represent the model’s
ability to find the relevant cases in a dataset.

This equation serves as a crucial measure
of the models’ performance, encapsulating
the balance between the precision of positive
predictions and the recall of relevant instanc-
es. A higher F1 score indicates a more favor-
able trade-off between precision and recall,
signifying a model that excels at both accu-
rate identification of positive instances and
comprehensive coverage of relevant cases.

In the context of this study’s multi-class
classification problem, the comparative anal-
ysis of the models employed a micro-averaged
F1 score. This selection ensured equitable
consideration of every data entry within the
dataset, an imperative choice given the bal-
anced nature of the classes, which stemmed
from the application of percentile-based
thresholds. The decision to adopt the mi-
cro-averaged F1 score was grounded in the
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alignment of class distribution and the objec-
tive of maintaining balance across classes.
The rationale behind choosing the F1
score as the benchmark for model compari-
son lies in its capacity to provide an impartial
assessment. Through its incorporation, the
study gained the ability to objectively evalu-
ate the models, a crucial aspect in the pursuit
of discerning the model’s efficacy. Moreover,
the F1 score offers a unique vantage point by
simultaneously acknowledging periods of el-
evated case counts and striking a harmoni-
ous equilibrium between accuracy and recall.

Conclusion

This paper has delved into the intricate
realm of loop closure detection within the
domain of robotic arm motion. The ability to
differentiate between closed-loop and open-
loop behaviors holds significant implications
for enhancing accuracy and efficiency in ro-
botic systems. This research has harnessed a
vast forward dynamics dataset encompassing
over 1 million data points, focusing on classi-
fying these behaviors using both classical and
deep learning methodologies.

Looking ahead, this study opens the door
to numerous avenues for future research.
The integration of other learning paradigms,
such as imitation learning and transfer learn-
ing, could further enhance the adaptabili-
ty and efficiency of robotic arms. Exploring
the potential of reinforcement learning and
model predictive control can augment the
accuracy and interactions of robotic systems.
Moreover, investigations into hardware im-
provements, including faster processors,
could significantly expedite training times
and broaden the scope of research.

The significance of this study lies not only
in its contributions to loop closure detection
but also in its broader implications for robot-
ics. As industries increasingly rely on robotic
arms for precision tasks, the ability to seam-
lessly integrate these systems into dynam-
ic environments becomes paramount. The
fusion of traditional forward dynamics with
modern machine learning paves the way for
adaptable, intelligent, and autonomous robot-
ic arms that can navigate complex scenarios
with efficiency and precision.

In summary, this research extends the
boundaries of loop closure detection, pre-

45 LOOP CLOSURE DETECTION IN A ROBOTIC ARM USING


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

The Austrian Journal of Technical Section 3. Mechaning engeeniring
and Natural Sciences, No 9-10

senting a comparative framework that bridg-  tion, this study advances the understanding
es classical approaches and cutting-edge of robotic control and performance, with im-
deep learning techniques. By shedding light  plications for diverse applications across in-
on the fundamental nature of closed-loop  dustries and fields.

and open-loop behaviors in robotic arm mo-
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Abstract

Neutron Capture Therapy (NCT) offers a targeted approach for treating tumors, but its
clinical implementation faces challenges in accurate dosimetry. This review focuses on the com-
plexities of measuring the four key absorbed dose components — Photon, Hydrogen, Nitrogen,
and Boron doses — in NCT treatments. Emphasis is placed on the importance of measuring the
Boron dose, owing to boron-10’s high interaction rate with thermal neutrons. While various
methods, including gamma spectroscopy, are explored, they present logistical and safety chal-
lenges. The High-Pressure Xenon Gamma-ray Spectrometer emerges as a hopeful tool due to
its high energy resolution and resilience against neutron flux. This study underscores the need
for further research to standardize NCT dosimetry.
Keywords: Neutron Capture Therapy (NCT); Dosimetry; Boron Dose Measurement; Gamma

Spectroscopy; High-Pressure Xenon Gamma-ray Spectrometer; Thermal Neutrons

Introduction

Shortly after the discovery of neutrons,
Chadwick proposed Neutron Capture Ther-
apy (NCT) in 1932. Goldhaber, in 1934,
emphasized the significance of the natural-
ly occurring boron-10 isotope’s exceptional
thermal neutron capture cross-section. NCT
exploits the formation of secondary radiation
when thermal and epithermal neutrons are
absorbed by certain elemental nuclei. When
tumor cells selectively accumulate elements
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like boron-10, lithium-6, cadmium-110, and
gadolinium-157 and are subsequently irra-
diated with neutrons, the resulting radiation
can damage these tumor cells with minimal
impact on adjacent tissues (Beckman, I.N.).
Neutrons interact minimally with regular
tissue; their primary interactions are nuclear
captures with stable nuclei like 'H, *N, and
10B. Although living tissues are rich in 'H
(0.33 barns) and *N (1.7 barns), their cap-
ture cross-sections are so small that lethal
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radiation damage is infrequent. Conversely,
while B (3990 barns) is scarcely found in
living tissues, its neutron interaction rate is
exceptionally high.

Upon neutron absorption, 1°B transforms
into the excited nucleus of !B, which rapidly
decays (107'? seconds) into an a-particle and
the 7Li nucleus. In 6% of cases, their total
energy is 2.8 MeV, and in 94% it’s 2.3 MeV,
since 0.48 MeV is carried away by a y-quan-
tum. These highly energized particles lose
energy swiftly, and since a typical cell size is
about 10um, a significant portion of the ener-
gy is deposited directly into the cell housing
the captured neutron (Taskaev, S.Y., Kany-
gin, V. V., 2016).

For NCT’s clinical implementation, three
key challenges must be addressed: sourcing
neutrons suitable for clinical settings, selec-
tively delivering boron to tumor cells, and
ensuring accurate dosimetry throughout
treatment. This review delves into the last
challenge, focusing on NCT dose determina-
tion.

NCT absorbed dose measurement

Thermal neutral beams used in NCT
yields four principal absorbed dose compo-
nents in the treated tissue:

1. Photon dose (Dy)

2. Hydrogen dose (D, )

3. Nitrogen dose (D)

4. Boron dose (D,)

Several methods have been introduced to
measure these doses, including:

1. Ion chamber measurements;

2. Micro dosimetry measurements;

3. Gel dosimetry evaluations.

Despite the presence of multiple mea-
surement methods, there is still no univer-
sally accepted standard for NCT dosimetry.
Importantly, the first three radiation types
— photon, hydrogen, and nitrogen — have a
relatively minor impact on living tissue. As a
result, the central emphasis in NCT dosime-
try is on measuring the boron dose.

Among the available methods, gamma
spectroscopy stands out as the only tech-
nique capable of directly measuring the ab-
sorbed boron dose. This method relies on the
detection of a 478 keV gamma-ray, emitted
during the rapid decay of a boron nucleus
after capturing a neutron. However, imple-
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menting gamma spectroscopy in NCT pres-
ents several challenges:

1. The equipment for registering gamma
quanta must be positioned near the patient
during neutron irradiation, posing logistical
and safety concerns.

2. The proximity of the neutron beam for-
mation system — which consists of a moder-
ator, a reflector, and an absorber — to the pa-
tient restricts the available space for placing
the gamma spectroscopy equipment.

3. The detectors pick up not only the de-
sired signals from boron decay but also spu-
rious signals from other gamma quanta and
neutrons, complicating the data analysis.

Given these constraints, the practical ap-
plication of gamma spectroscopy in NCT do-
simetry seems limited, underscoring the need
for continued research to establish more fea-
sible and accurate dosimetry methods.

Materials and Methods

1. Considering these constraints, utiliz-
ing a gamma spectrometer with high energy
resolution becomes paramount. The “High
Pressure Xenon Gamma-ray Spectrometers”
developed by the National Research Nuclear
University MEPHI meets these criteria. The
spectrometer boasts a 2% energy resolution
for a 662 keV y-ray, notably superior to Nal
or Csl-based scintillation gamma detectors.
This xenon-based spectrometer can measure
y-rays in an energy spectrum from 0.05 to 3
MeV (Alexander, S., Novikov, Sergey, E., Ulin,
Valery, Dmitrenko, V., Chernysheva, Irina V.,
Grachev, Victor M., Krivova, Kira V., Shustov,
Alexander E., Uteshev, Ziyaetdin M., Vlasik,
Konstantin F. (2019); Gary, C., Tepper, Rob-
ert L., Palmer, Jon R. Losee, (1999); Ulin,
S.E., Dmitrenko, V.V., Grachev, V.M. et al.,
(1995); Ulin, S., Novikov, A.V., Dmitrenko,
K., Vlasik, K., Krivova, D., Petrenko, Z., Ute-
shev, A., Shustov and Petkovich, E. (2016);
P’ya, S.N., Vlasik, K. F., Grachev, V.M., Dmi-
trenko, V.V., Novikov, A.S., Petrenko, D.V.,
Shustov, A.E., Uteshev, Z.M., Ulin, S.E. and
Chernysheva, 1. V. (2014).

The Xenon Gamma Spectrometer (XGS)
is designed as a cylindrical pulsed ionization
chamber equipped with a screen grid. This
chamber is filled with a compressed gas mix-
ture of xenon (Xe) and hydrogen (H,), pres-
surized to approximately 40 atm. The inclu-
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sion of hydrogen aims to enhance the electron
drift velocity. Essentially, the XGS operates
as a pulsed ionization chamber filled with
high-purity, high-pressure xenon. Notably,
the spectrometer is stable under radiation ex-
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posure and retains its functional properties
even when subjected to a stream of neutrons.
A schematic illustrating a cylindrical modi-
fication of this device, which incorporates a
Frisch grid, is presented in Figure 1.

Figure 1. The principal schematic of the xenon gamma-ray spectrometer:1 — Cylindrical
pulse ionization chamber; 2 — Frisch grid; 3 — hermetic casing; 4 — anode; 5 — ceramic
feed-through; 6, 8 —custom charge-sensitive amplifier; 7 — custom high-voltage supply
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The High-Pressure Xenon Gamma-ray
Spectrometer presents a distinct advantage
over traditional scintillation gamma-ray
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Conclusion

The xenon gamma spectrometer has great
energy resolution, can be made to any size,
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spectrometers due to its resilience against
neutron flux.

Spectra from Nal detector (o 80 mm, L = 50
mm, M = 0.9 kg) before and after activation
by Pu-Be neutron source (T = 66 hours,
fluence = 1.5%*10'° neutrons)
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and is resistant to neutron flux. This charac-
teristics make it viable for in-situ measure-
ments during NCT sessions.
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Abstract. States of electrons in multilayer semiconductor structures are theoretically inves-
tigated in the semiclassical approximation, where one-electron wave functions of the stationary
Schrodinger equation are calculated in the presence of various types of potential, which is a

slowly varying function of the coordinate.

It is determined that the energy spectrum of electrons in the potential in the quadratic, cubic
and biquadratic approximation takes discrete values and the steepness of the energy spectrum
depends on the parameters of the expansion of the potential in coordinates.

Keywords: energy spectrum, multilayer structure, Schrédinger equation, size quantization,

semiclassical approximation

Introduction

The progress of modern microelectron-
ics is largely determined by the study of the
properties of systems with inhomogeneously
distributed parameters, the development of
methods for the effective theoretical analysis
of such systems, the development and pro-
vision of objective methods for controlling
technological processes that make it possi-
ble to create semiconductor layers with de-
sired properties (Shchuka A.A., 2007; Us-
anov, D.A. 2013). In this regard, below we
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consider the general questions of the propa-
gation of electron waves in a medium whose
properties change only along a certain direc-
tion. The approach is based on the use of the
one-electron stationary Schrodinger equa-
tion to describe the processes of elastic scat-
tering and tunneling of noninteracting spin-
less particles under the condition that their
total energy is conserved.

The study of the electronic properties of
both symmetric and asymmetric with respect
to the geometric dimensions of the layers of
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a semiconductor structure is relevant in con-
nection with the use of these structures in mi-
cro- or nanoelectronics and in other areas of
solid state physics (Dragunov, 2006; Ivchen-
ko, 2005; Rasulov, 2018; Petrov, 1994; Rasu-
lov, 2020; Golub, 1995; Rasulov, 2020).

At present, molecular beam epitaxy and
other methods of modern technology make it
possible to obtain semiconductor layers with
an arbitrary profile of composition change
(structure with a quantum well) to improve
the characteristics of devices based on them
(Usanov, D. A., 2013). In this case, the prob-
lem of electronic states is reduced to the
problem of the behavior of a particle in po-
tential wells of an arbitrary shape. In partic-
ular, to create a new generation of resonant
tunneling diodes and heterolasers with sep-
arated electronic and optical confinement,
structures with rectangular size-quantized
wells are used, in the center of which there is
an additional energy dip.

The study of the electronic states in the
structures mentioned above leads to the cal-
culation of the one-electron wave functions
of the stationary Schrodinger equation in the
semiclassical approximation in the presence of
the potential U(x), which we will consider as a
slowly varying function of the x coordinate.

Basic relationships
Then the one-dimensional Schrodinger
equation can be written as

_ndy
2m dx*

where, making the substitution y(x)=

+U(x)y =By, (1)

:exp(iS (x)/ h), we obtain the equation for

the function S (x)

2
1 (dS(x ih (d’S(x
_ L _in # :E—U(x). (2)
2m| dx 2m|  dx
Assuming that the system under con-
sideration is close to the classical one in its
properties, we will look for a solution in the

form of a rows indegrees of the Planck con-
stant, i.e.

h h

s(x):so(x)+7sl(x)+(_,Tsz(x)+... 3

1
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Then the general solution of equation (1)
has the form

-G e L x)dx
v T p(hjp( )dj "
< i x)dx ’
o)
where p(x)z[zm(E—U(x))]m, m and E

are the effective mass and energy of current
carriers.

In classically inaccessible energy regions,
i.e. at, the momentum of the current carriers
becomes imaginary. Then in these regions (4)
takes the form

_ Cl
¥i)= p(x))

G exp[—%_[lp(x)ldx]

p(x))

Note that the accuracy of the semiclas-
sical approximation does not allow taking
into account both terms simultaneously, and
therefore, in some cases, we will not take into
account the exponentially small term in (4)
and (5).

exp(%jlp(x)ldx}r
5)

Linear and quadratic approximation

Let us consider an isolated classical turning
point at x = a, far from which the semiclassi-
cal approximation is applicable for calculating
the transparency coefficient of a potential bar-
rier. Therefore, the solutions of the Schrodenger
equation in the allowed and forbidden areas
can be found by formulas (4) — (5).

The wave function near the turning point
can be found by solving the Schrodinger
equation, where the potential energy U(x)
near the turning point (x =a) can be repre-
sented as

U(x) =U(x=a)+

dU 10°U (6 a)
+E _ (x —a)+5 e (x —a)2
or
U(x)=U(c=0)+U._c+U’c*. (6b)

Then the Schrodinger equation can be
written as
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& 1 ’ "

dgl/; +E—(E—U0 _Ug:Og —ngogz)[// =0, or
d2
d;ﬁ +(k kg -k )y =0, (7)
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whose general solution is an arbitrary linear
combination of hypergeometric functions,
i.e.

2
1 k? k 1 (2k2g+k1 ) g(2k2g+k1 )
l//(g)=Cl'1Fl — =T | 32 €Xp| — +
4 16k 4k )27 4k 2.k,
2
+C, - S_ K _ k3 (Zkng{l) (Zk c+k )exp —M (8)
2 g 16k 4k )2 ak” 2o 20 |
a " k!
where ¢ = ,E, = P k, = (1+16n)k,” —4k—11/2. (10)
2
. 1, 1 0U(g) From (10) we obtain an expression for the
1T F " F 5 c size-quantized energy spectrum in the form
a a =0 2
" k!
2 E=U(x=0)+—%k, | (1+16n)———

kzzi " LﬁU(Zg) ( ) 2m 2{( ) 4k2}

E, E, 95" | or

E -U(x=0)=

k=2 (E-U(x=0)) 1

e ()] . ap

" 1 =0 .
In the general case =UL, | (1+16n) - ———
’ a Ug:O
2

1 Kk )1 (2ketk Lk
Bl kla/z_ ?/2 ’_’( - 3/21) 2. CZ;tO,Cl:Oandi— kla/z_ ?/z:

4 167 4k )20 4k 5 4 16k 4k!

3.k ko -
=-2(2n+1). In this case,
(Zk c+k )2 4 16k23/2 4k;/2
oc exp % , which corresponds to  the wave function takes the form
2

an exponentially growing wave function.
Therefore, to choose a wave function that sat-
isfies the conditions of finiteness of the wave
functions at infinity, i.e. satisfying this quan-
tum mechanical approach, there are two al-
ternative cases:

2

1.C,#0,C,=0and 5—16](?—4];—?/2=

2 2
=—4n. In this case, the wave function takes
the form

g(2k2g+kl)
-
1 (Zkzg +k, ) 2k
v,,(¢)=1F —”>E>T , (9)

and the energy spectrum of current carriers
is quantized and is defined as
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3 (2kg+k )
Vo (5) =k F {‘”a;T
_g(2k2g+kl) (12)
x(2k,c+k) 2k,
and the energy spectrum of current carriers is
quantized and is determined by the relation:

E,-Ux=0)=

2
)

=U., (11+16n)—%( o
c=0

a

(13)

For a quantitative analysis of the
size-quantized energy spectrum, we assume
that U, =&,-U._,. Then we have an ex-
pression for the size-quantized energy spec-
trum in a form convenient for quantitative

calculation
E,-U(x=0)
éU 'Ug=0
ENERGY STATES OF CURRENT CARRIERS
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!

U =0 ” ’
Egé > §U = Ug:O/Ug:O

a>U

where x =

Similarly, it is easy to obtain the following
expression

E,—U(x =0) 1 T
= 2T (11+16n)——x | .(15
§U'U;=o [( " ”) 4x} (19)

It can be seen from formulas (11) and
(13) that to fulfill the condition of finiteness
of the wave functions at infinity, there are two
types of energy spectrum, and both depend
nonlinearly on the size quantization number,
i.e. the dimensionally quantized energy spec-
trum is not equidistant.

Figure 1 a and b shows the dependences
of the size-quantized energy spectra, charac-

terized by the values of E(n)- U('x =0) and
éU ' Ug=0

E,(n)- UEx =0) , on the parameter x = :
Su Vel Bt

U!

=0
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It can be seen from these figures that as
_Vi

Eg
E (n)-U(x=0) E,(m-Ux=0) 4.

! !
éU ) Ug=0 éU ’ Ug=0
crease from n =2,3,.... These energy values

[
0 first
a>U
decreases and is reached to a minimum, and
then increases.

We note here that in quantitative calcu-
lations it is convenient to use the connection
of the above hypergeometric functions with

Hermite polynomials:
L (2n)! 1
H2n(€2):(_1) (n') .IP‘I(_H,E,Q/ZJ,

increases, the values of

and

from n =1 with the growth of x =

Figure 1. Dependences of the energy quantities

a)

E,~U(x=0)
é:L" ) U;:U

E (n)-U(x =0)
éU 'Uézo

!

—<= for different values of the size
a>U

quantization number, where &, =U"_, /U._,

E,(n)-U(x=0)
éU 'Uézo

on x =

Conclusion
Next, consider the following cubic and bi-
quadratic terms in (6), i.e.

55

2n+1)!
H2n+1(€2):(_1)n( n—:— )2
mn.
3 .
£ F|-n=, .
¢ 1( > ¢ j
b)
E,~U(x=0)
fL"U;:o

=< /nzl u’
100 150 200

0" 5p

U(x)= %ma)zx2 +e&,(x/1) +e,(x/1), (16)

where | = \/1/(mw). €, and ¢, are the expan-
sion coefficients of U(x) in a series of x/I. The
solution of the Schrodinger equation can be
done in a similar way. In this case, it passes
into the Schrédenger equation for a harmon-
ic oscillator at &, =0 and ¢, =0. Then it can
be solved using perturbation theory (Landau,
1981). In this case, the energy of particles in
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potential (16) in the zeroth approximation is
equal to the energy of a harmonic oscillator:

E' = oo (n+1/2), 17

and the wave function in the zero approxima-
tion has the form

ug (x) = (2"n!l\/;)% e%ngn (6),

E=x/l.

Then the calculation of the energy spec-
trum of electrons according to the perturba-
tion theory gives the following result

(18)
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+6g1<(2n2 +2n+1)—‘
-g’x’ (34113 +51n* +59n +21)} ,(19)

where k =¢ /(ho), m is the effective elec-
tron mass, the Ox axis is chosen as the size
quantization axis, g =¢,/¢,, in the spherical
approximation in the E(k )=#’ g)kz +k22)‘4
(Z-m)energy spectrum. Calculations sho
that the energy spectrum of electrons in po-
tential (16) takes discrete values and the
steepness of the energy spectrum is more no-

E(k,,n)=E(k,)+ ticeable, the greater g = 82/ &,, and it also de-

ha)) for arbitrary

1 creases with increasing g,
+§ha){(n+1/2)_301<2(7’12+1’1+11/30)+ Values Ofn.
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Abstract

The article explores the possibility of using the injection-voltaic mode of operation of a

bipolar transistor to create electronic switching cells (electronic keys) — the basis of digital
electronic elements operating at a supply voltage of the order of the contact potential difference.
Keywords: photo-voltaic effect, injection-voltaic effect, bipolar transistor, microelectronics,

integrated circuit, inverter

Introduction

Microelectronics is one of the fastest
growing areas of science and technology. The
technical characteristics of microelectronic
products — integrated circuits (ICs) — are con-
stantly being improved and the functionality
expanded. Improvements in microcircuits
are achieved through advances in technolo-
gy, circuit design, and system organization of
integrated circuits.

ICs are the elemental base of radio engi-
neering devices. Research and practical im-
plementation of technological ideas to reduce
its dimensions, weight, energy consumption,
material consumption, and cost, increase the
volume of functions performed, etc. continue
at a tremendous pace.

The design process for ultra-large ICs can
be divided into electrical and physical design.
Electrical design includes functional design,
logic design, circuit design, and semicon-
ductor design. Physical design includes the
topology of ultra-large ICs, i.e. placement of
semiconductor devices, routing, etc.

However, the basis for both electrical and
physical design of ultra-large ICs is semi-
conductor device design. Since the design
of semiconductor devices is carried out in
conjunction with the development of corre-
sponding technological processes, this means
that the design of semiconductor devices is
the basis of ultra-large ICs machine design.

Since the main element of the IC are bi-
polar transistors, on their basis it is possible
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to create a number of traditional functional
devices that are widely used in practice.

Solution

In recent years, studies have been carried
out on the photovoltaic effect of solar radiation
electrical conversion devices (Alimova, N.B.,
2008). Some aspects of the operation of di-
odes, transistors and other devices as nonlin-
ear elements were also studied. However, the
area of research where both of these aspects
are taken into account in the interrelation is
practically unexplored in their mutual influ-
ence, although one should expect the manifes-
tation of physical phenomena that determine
new properties of semiconductor devices de-
veloped on the basis of this approach.

The injection-voltaic effect in bipolar
transistors and thyristor structures was the-
oretically predicted and experimentally dis-
covered. The injection-voltaic effect is ob-
served in transistor and thyristor structures
with p-n junctions upon injection of current

Section 5. Technical Science in general

carriers from one forward-biased p-n junc-
tion to another and consists in generating
voltage in it (Fig. 1.a). The magnitude of the
injection-voltaic voltage and current depends
on the value of the load resistance Rload.
By varying the values of the load resistance
Rload from zero to infinity, it is possible to
obtain the load characteristic of the structure
in the injection-voltaic mode (Fig. 1.b).

AtR,_,=0voltageU, . =0andI_,=Iing.
As R, , increases to certain values, the p-n
junction current will remain practically con-
stant (Fig. 1.b, curve 1), and the forward volt-
age at the collector junction will increase. At
a sufficiently large value of R, (R, ,,=), the
injection current of the collector junction will
be equal to zero (Fig. 1.b). At thisvalue U, , =
= U, . .and it approximately corresponds to
the value of U_. In this case, the voltage be-
tween the emitter and collector is zero. And
the transistor can be considered as a closed
electronic switch with a dynamic resistance
of the order of zero.

Figure 1. Injection-voltaic effect in transistor structures (a)
and its current-voltage characteristic (CVC) (b)

Iforw lload
fo P p +
Uforw Uload Ricad
a) .
lload Bload
1
lload
b) Uivemf Uload
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These properties can be used in the syn-
thesis of inverters based on bipolar transis-
tors operating at a supply voltage value of the
order of the contact potential difference (Ari-
pov, K. K., Alimova, N. B., Bustanov, Kh. Kh.,
Ob’edkov, E.V. and Toshmatov, Sh.T., 2009;
Alimova, N.B., 2009; Aripov, Kh.K., Alimo-
va, N.B., 2013; Alimova, N.B., 2019). An
inverter based on complementary bipolar
transistors (CBT) can be used in discrete and
integrated circuit technology, information
and telecommunication systems.

Inverters based on bipolar transistors are
known. The main disadvantages of inverters
are low speed, bulkiness, high power consump-
tion during switching and high supply voltage.
In addition, the inverter contains a high-resis-
tance resistor, which is difficult to implement
technologically in an IC. The complexity of
implementing high-resistance resistors forces
a separate resistor to be placed next to the IC,
disrupts the temperature conditions of the IC,
and reduces the degree of integration of the IC.

Section 5. Technical Science in general

You can reduce the power consumption
during switching and reduce the supply volt-
age.The proposed connection of two different
types of multicollector transistors makes it
possible to reduce the current consumption
and the supply voltage due to the simultane-
ous use of cutoff and saturation modes in bi-
polar transistors.

If a signal corresponding to logical “1”
is supplied to the input of the inverter CBT,
equal in value to the voltage of the power sup-
ple (+V), then the emitter-base voltage of the
n-p-n multi-collector transistor is equal to
the value of V, and the emitter-base voltage of
the p-n-p transistor is zero. In this case, the
n-p-n transistor operates in saturation mode,
and the p-n-p transistor operates in cut-off
mode. In cut-off mode, the resistance be-
tween the collector-emitter electrodes is very
high (practically determined by the leakage
current of the collector junction), and the
collector-emitter voltage of the n-p-n tran-
sistor is close to zero.

Figure 2. Electrical circuit of the CBT inverter (a), trans-
fer amplitude characteristic of the CBT inverter (b)

a) b)
Uin. V¥V
0 0.2 0.4 06 0E
0 1 i L L 3 t } O
| N
el Td 2
1 1 o
* o [u) "
W | VAT /”f 06
1
1 ~
1 - =
[ 8 1 .-"’f' Kl',l' I
B i o
H048 - - 0.4
S | :g - = — ’/ 1
S LAY T T T —
£
I;— 14 / :
0.2 A : 0.2
] / !
-..o’ )
r"’- ) ]
P P . L
’ 7 i S— . vi - : 3 . 0
o 0.2 Uy | 04 06 E,n.s
3 AR ARy alr Uin, ¥

In (Fig. 2, a) the electrical circuit of the
CBT inverter is shown. Multicollector n-p-n
and p-n-p transistors are designated VT1
and VT2, respectively. The numbers indicate:
1-power supply V; 2-common bus; 3-invert-

er input; 4-inverter output; 5,6-base, 7,8-col-
lector, 9,10-emitter electrodes of transistors.

In (Fig. 2, b) shows the transfer char-
acteristic of the inverter on the CBT. The
CBT inverter has a transfer characteristic
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symmetrical with respect to V, quantization
voltage U, = V/2, practically the same noise
immunity for logical states, and a sharp tran-
sition front from one stable state to another
stable state.

The CBT inverter is a basic cell for synthe-
sizing AND-NOT, NOR-NOT logic elements
with an arbitrary set of inputs and outputs,
and other digital devices. In addition, the
inverter can be widely used in telemetry sys-
tems, automation, industrial and automotive
electronics.

Conclusion
The injection-voltaic effect in multilay-
er semiconductor structures was discovered
and studied.
A new basic cell of digital ICs has been pro-
posed in terms of circuit design — an inverter
based on complementary bipolar transistors

Section 5. Technical Science in general

(CBTs), operating at supply voltages (V) limited
by the natural limit of the V on the order of the
contact potential difference in the p-n junction.
Thus, V ~ 1.2 V for BT made from GaAs, V ~
0.8 Vfor BT made from Si, and V ~ 0.4 V for BT
made from Ge. The proposed inverter based on
the KBT using the injection-voltaic effect has
been studied from the theoretical and experi-
mentalsides. Theinverterwasmade onthebasis
of bipolar transistors of the KT315 and KT361
types. It has been established that the inverter
has a symmetrical transfer characteristic with
the parameters: U ! = 0.710 V, U° = 0.02 V,
U,=0.34V,AU_'=0.32B, AU_*=0.28 V for
V=0.71V.

The CBT inverter based on bipolar tran-
sistors can be used in digital ICs and large
ICs, as well as in digital technology as the
basic elements of “NOT”, “OR-NOT”, “AND-
NOT” circuits, etc.
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Abstract

The work studied the physicochemical characteristics of the raw materials used — glau-
conite sand and jelvak phosphorites of Karakalpakstan. The process of preparing complex
glauconite-containing fertilizers based on glauconite, Karakalpakstan and fertilizing salts was
investigated. The possibility of obtaining complex glauconite-containing fertilizers based on
glauconite, nitrogen and potassium fertilizers is shown. Diffractograms of binary mixtures of
glauconite sands with ammonium nitrate, ammonium sulfate, potassium chloride, carbamide,
ammophos and phosphorite flour are also given.
Keywords: Karakalpakstan, Krantau, glauconite, glauconite sands, X-ray phase analysis,

mineral fertilizers

Introduction

The main task of modern agriculture is to
obtain high-quality yields while increasing
soil fertility, which is impossible without the
use of fertilizers. Mineral fertilizers are one of
the sources of additional nutrition of plants
(Artyushin, A. M., Derzhavin L. M., 1984).

However, in modern conditions, the sa-
linity and degradation of the soils of the sown
areas of the republic are manifested on an in-
creasing scale. This applies to the northern
regions of the republic, especially the Repub-
lic of Karakalpakstan, where approximately

80% of irrigated arable land is subject to var-
ious degrees of salinity and degradation (En-
vironmental problems of Uzbekistan, 2011).

Based on the above, along with the
need to develop effective soil brining mea-
sures, a promising direction is the creation
of trace elements containing fertilizers with
complex-forming, ion-exchange and sorp-
tion properties that would help plants grow
on saline soils. Complex fertilizers pro-
duced on the basis of glauconite of the Re-
public of Karakalpakstan in the presence
of fertilizing salts possess such properties
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(Allaniyazov, D.O., 2019; Allaniyazov, D.O.,
Erkaev, A.U. 2021; Allaniyazov, D.O., Er-
kayev, A.U., Tajibayev, T.A., Ochilov, S.U.,
2023).

Objects and methods of research:

The object of research in this work are
glauconite sands Krantau, Phosphorite flour
of the Khudjakul deposit of Karakalpakstan
and standard mineral fertilizers produced in
Uzbekistan, ammonium nitrate, ammonium
sulfate, potassium chloride, urea, ammophos
and phosphate flour.

Research material and methodology:

Based on the above, in the laboratory
conditions we decided to test the possibility
of obtaining complex glauconite fertilizers
using mineral salts based on their granula-
tion. First, granular mineral fertilizers were
ground in a porcelain mortar to a powdery
state. Obtained powders are mixed till ho-
mogeneous mass with enriched glauconite
sands at various mass ratios of glauconite:
potassium chloride, ammonium nitrate, am-
monium sulfate, carbamide and moistened to
7-16.6% of total mass and supplied to gran-
ulator. At the same time, microelement-con-
taining granules were formed, in appearance
similar to granules of standard fertilizers
produced at factories.

Identification of the samples was carried
out on the basis of diffractograms taken on
a computer-controlled XRD-6100 apparatus

Section 5. Technical Science in general

(Shimadzu, Japan). Radiation-CuKa (3 filter,
Ni, 1.54178 tube current and voltage mode
30 mA, kV) and constant detector rotation
speed 4 deg/min, in 0.02 deg increments,
(0/20 coupling) were used, and the scanning
angle varied from 4 to 80 °, the scanning
angle during diffractometric studies varied
from 2 to 80 °. Qualitative and quantitative
identification of the phases of the presented
samples was carried out using the MATCH!
® Phase identification from Powder Diffrac-
tion program (Crystal Impact, GbR, Bonn,
Germany, 2015) (MATCH!® Phase identifica-
tion from Powder Diffraction 2015; Débelin,
N, Kleeberg, R. 2015).

Research results:

The production of complex mineral fer-
tilizers based on glauconite and widely used
mineral fertilizers was continued. Figure
1-10 shows diffractograms of binary mix-
tures of glauconite sands with ammonium
nitrate, ammonium sulfate, potassium chlo-
ride, carbamide, ammophos and phosphorite
flour. When taking diffraction patterns, the
same conditions were observed, and the
sample weights were approximately equal.
Glauconite sands produced on an industrial
scale need to be enriched because they need
to have a percentage of glauconite of at least
50% in order to be used as mineral fertilizers.
In the samples studied, this percentage is no
more than 30% (Drits, V.A., Zviagina, B.B.,
McCarty, D.K., Salyn, A.L., 2019).

Figure 1. Diffractograms of glauconite: saltpeter mixtures in dif-
ferent ratios: 1) saltpeter; 2) 5:45; 3) 15:35; 4) 45:5

30000 4

EGroup : Z1T6AugKarakalpak. Data I AmoniyNitra]
[Group : 2016AugKarakalpak, Data : diSselitrad5] 4 ml wilajnenie
1Group © 20T6A00FaEka pak, [ata ;: gk I selira30] 4 ml Lignene
[Group : 201 6AugKarskal pak, Data : gk35sefitra15]4 ml udajnene

200004

10000

) %0
Theta-2Theta (dea)

62 X-RAY PHASE ANALYSIS OF COMPLEX MINERAL FERTILIZERS BASED


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

The Austrian Journal of Technical
and Natural Sciences, No 9-10

Section 5. Technical Science in general

Figure 2. Diffractograms of mixtures of glauconite: ammonium sulfate in dif-
ferent ratios: 1) ammonium sulfate; 2) 5:45; 3) 15:35; 4) 45:5
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Figure 3. Diffractograms of glauconite mixtures: potassium chloride in dif-
ferent ratios: 1) potassium chloride; 2) 5:45; 3) 15:35; 4) 45:5
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Figure 4. Diffractograms of glauconite: carbamide mixtures in dif-
ferent ratios of: 1) carbamide; 2) 5:45; 3) 15:35; 4) 45:5
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Figure 5. Diffractograms of glauconite mixtures: ammophos in dif-
ferent ratios: 1) ammophos; 2) 5:45; 3) 15:35; 4) 45:5
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Figure 6. Diffractograms of glauconite mixtures: phosphorite flour in dif-
ferent ratios: 1) phosphorite flour; 2) 5:45; 3) 15:35; 4) 45:5
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Figure 7. Diffractograms of triple mixtures of glauconite: carbamide: phosphorite
flour in different ratios: 1) phosphorite flour; 2) 15:35:50,31; 3) 15:35:21,50
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Figure 8. Diffractograms of triple mixtures of glauconite: potassium chlo-
ride: phosphorite flour in different ratios: 1) 15:35:65; 2) 15:35:32
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Figure 9. Diffractograms of triple mixtures of glauconite: ammonium sul-
fate: phosphorite flour in different ratios: 1) 15:35: 11.5; 2) 15:35:23.
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Figure 10. Diffractograms of triple mixtures of glauconite: ammonium sulfate: phos-
phorite flour in different ratios: 1) 35:15:5; 2) 35:15:6;.3) 35:15:10; 2) 35:15:12.
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The difficulty of determining the quan-
titative content of glauconite in glauconite
sands by the X-ray phase method, as the
most operational, is that the glauconite con-
tained in them has poor crystallinity and a
large content of organic residues. It can be
seen in (fig. 1) that with small amounts of
glauconite sand, its peaks are weak, where
the ratio of glauconite sand: ammonium ni-
trate, the contribution of glauconite sand
peaks grows.

In glauconite sand samples: ammonium
sulfate (Fig. 2), there is no direct dependence
of ammonium sulfate content on the heights
of the corresponding peaks in diffractograms.
This trend is also observed in other samples
of binary mixtures with glauconite (Fig. 3—6).
Apparently, when the contribution of saltpe-
ter, ammonium sulfate, potassium chloride,
carbamide, ammophos and phosphorite
flour decreases, they interact with moisture
or with glauconite, and as a result, there is
no direct dependence of the composition on

Section 5. Technical Science in general

the values of diffraction peaks. A similar pat-
tern is observed with mixtures in which three
components are present: glauconite, phos-
phorite flour and carbamide or potassium
chloride (Fig. 7-10).

Conclusions:

Thus, during the work, it was revealed:
It was found that in the prepared complex
fertilizers, potassium chloride reacts with
ammonium salts (ammophos, ammonium
nitrate, ammonium sulfate) to form ammo-
nium chloride and potassium salt. In turn,
ammonium salts can mutually form double
and triple salts. Urea remains neutral in the
composition of these fertilizers. When mak-
ing complex fertilizers, these interactions
should be taken into account.

It has been determined that in complex
fertilizers the introduced components may
be crystalline or amorphous due to interac-
tion with water, glauconite and other sand
components.
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Abstract

The article presents the main physical and chemical properties oil refinery production

wastes, current state of them and oil sludge, types and compositions. Therefore, oil sludge
formations and their compositions have been investigated. Methods of analyses and testing of
oil sludge have been studied. So, physical and chemical properties of oil sludge and importance

of their disposal have been shown.

Keywords: oil, sludge, processing, composition, hydrocarbon, property, reservoir

Introduction

Oil and gas refinery industry play main
role in economy of Uzbekistan. One of them
is the Bukhara Oil Refinery LLC, in 2020
produced 843,900 tons of motor gasoline,
the amount of which became the highest rate
in the plant’s 23-year history, reports refer-
ring to the press service of Uzbekneftegaz
JSC. Second is Ferghana Oil Refinery LLC is
one of the largest enterprises in the Central
Asian region for the processing of hydrocar-
bons and the production of oil products. To
become a highly efficient and competitive
company that takes a leading role in the oil
and gas sector of the Republic of Uzbekistan
is one of the most important goals of the en-
terprise. At the end of 2020, despite the al-
most complete lack of supply of the planned

amount of gas condensate (light hydrocar-
bon raw materials), the enterprise was able
to efficiently load production facilities and
produce oil products necessary for the na-
tional economy and economy of the republic.
Thanks to the well-coordinated work of the
company’s team, the refining of crude oil in
absolute terms increased to the level of 900
thousand tons of oil compared to 878 thou-
sand of crude oil in 2019. At the same time,
even in the conditions of processing heavier
crude oil, the refining depth indicator in 2020
remained at the level of last year’s values of
87%, and the total level of fuel consumed and
irrecoverable losses decreased by 2.5% com-
pared to last year’s figure (Uz Daily, 2020).
As a result of such processes, resinous
compounds are formed, as well as water-oil
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emulsions and mineral dispersions. Since
any sludge is formed as a result of interaction
with a specific environment and for a certain
period of time, there are no sludges that are
identical in composition and physicochemi-
cal characteristics in nature. The production
activity of oil refining and oil and gas produc-
ing enterprises inevitably has a technogen-
ic impact on natural environment objects,
therefore the issues of environmental protec-
tion and rational use of natural resources are
of great importance. Oil sludge is one of the
most dangerous pollutants of almost all com-
ponents of the natural environment, surface
and ground waters, soil and vegetation cover,
atmospheric air (Aliyev G.S., 2023).

Materials and methods

In the production and exploration of
petroleum, wastes are generated which in-
cludes drilling fluid, petroleum wastewater,
petroleum effluent treatment plant sludge
and bottom tank sludge. A petroleum refin-
ery with a production capability of 105.000
drums per day make approximately 50 tons
of oily sludge per year (Sun Yuxiao, 2021).
The remains found at the base of tank and
other storage facilities are generally refered
to as sludge. For crude oil storage vessels,
this kind of sludge found at its base compris-
es of hydrocarbons, asphaltenes, paraffin,
water, and inorganic solids such as sand, iron
sulfides and iron oxides. Hydrocarbon is the
principal component of petroleum sludge,
which is formed when crude oil’s properties
are changed as a result of changes in exter-
nal conditions. The formation of petroleum
sludge are commonly caused by cooling be-
low the cloud point, evaporation of light
ends, mixing with incompatible materials,
and the introduction of water to form emul-
sions. According to Resources Conservation
and Recovery Act (RCRA) sludge is separat-
ed as a hazardous waste, alongside other haz-
ardous wastes (Li G., 2013). The elemental
composition of petroleum sludge is Nitrogen,
Phosphorous, Potassium, Iron, Copper, Cal-
cium, Magnesium, Cadmium, Phosphate,
Chromium, Zinc, Sodium, and Lead (Gao G.,
2021). With a variety of oil wastes (in a gen-
eralized form), oil sludge can be divided into
four groups according to the conditions for
their formation:

Section 5. Technical Science in general

— Natural. Natural oil sludge is a sub-
stance that appears after oil settles to the bot-
tom of any reservoirs and mixes it with mule
and water.

— Ground. Ground oil sludge appears af-
ter the spill of oil on the ground.

— Reservoir. During storage, oil enters
into a chemical reaction with the surface of
the tank, thereby creating oil sludge, which is
called tank sludge.

Methods for determining the total con-
tent of mechanical impurities are based on
the ability of all organic components of oil to
dissolve in organic solvents. The undissolved
residue retained by the filter during filtration
of an oil or oil product solution characterizes
the content of mechanical impurities in them.

Several methods of processing oil sludge
have been used with the aim of reducing tox-
icity, minimizing the volume of oil sludge and
extracting petroleum products. Flotation, py-
rolysis, combustion, biodegradation, freez-
ing/thawing, ultrasonic treatment, electrical
processing, microwave radiation and solvent
extraction are among them.

Results and discussion

At consideration of the problem of resid-
ual oil waste, it is necessary to study sources
of their formation, methods of utilization and
processing.

Oil sludge from oil reservoirs is formed
during the separation of oil and settling to
the bottom of the oil sediment reservoir. Oil
sludge tanks has a pasty state of aggregation.
Composition and characteristics of oil depos-
its depend on the properties of oil.

In Uzbekistan Oil and gas refinery plant
oil sludge from fuel oil tanks is formed during
the storage of fuel oil. By method of produc-
tion, straight-run and destructive fuel oils
are distinguished origin. Oil sludge generat-
ed during storage of straight-run fuel oil has
a pasty state of aggregation. Oil sludge from
treatment facilities is formed in the process of
water purification from oil, oil products and
mechanical impurities. These oil sludge have
pasty state of aggregation and black color.
Oil and oil products in contaminated water
are in the form of oil floating on the surface
films, emulsified oil products, settled on the
bottom of heavy fractions. In the process of
water purification, the oil product, together

68 STUDY OF OIL SLUDGE OF OIL REFINERYAND THEIR PROCESSING


https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences

The Austrian Journal of Technical
and Natural Sciences, No 9-10

with oil sludge, enters the metal tanks, where
separation occurs at a temperature of 60—
—70 °C mixtures under the influence of grav-
ity on the oil product, water and oil sludge.
According to the results of studies of
many varieties of oil sludge tank type, it was
found that the ratio of oil products, water in
them and mechanical impurities (particles of
sand, clay, rust, etc.) fluctuates over a very
wide range. Hydrocarbons make up 50-90%,
water 10-52% and solid impurities 28—-65%.
As a result, such a significant change compo-
sition of oil sludge, also determine the range

Section 5. Technical Science in general

of changes in their physical chemical charac-
teristics that are very broad.

The group hydrocarbon composition of oil
sludge plays an important role in their oxida-
tion with oxygen and affects the quality of the
final product for obtaining a composition hav-
ing the binding property of a petroleum bind-
er. In fig from 5 to 8 were shown the group
hydrocarbon composition of oil sludge.

In order to clean oil sludge from water
and bring it to a homogeneous state, their el-
emental and aggressive-mechanical compo-
sition was determined (Table 1).

Table 1.
Type of oil Elemental composition Mercaptan Mech.
sludge C H 0] N content.% impurities. %
Ground 78.0 6.9 3.5 2.7 5.5 5.0-8.0
Natural 82.0 7.2 2.0 1.2 4.0 3.5-4.0
Reservoir 85.6 8.4 1.0 0.4 0.3-0.5 0.5-0.7
Field 88.9 8.6 0.4 0.2 0.1-0.2 0.3-0.4

Densities of oil sludge range from 930—
—1300 kg/m?, and pour point from -3 °C to
+80 °C. The flash point lies in the range from
3510120 °C. When water gets into the volume
of oil products stable water-oil emulsions are
formed, stabilization of which are due to con-
tained in petroleum products natural stabi-
lizers from a number of asphaltenes, resins
and paraffins. Upper oil sludge layer is a wa-
tered oil product containing up to 5% fine im-
purities and belonging to the class emulsions
“water in oil”. The composition of this layer
includes 70-80% oil, 6-25% asphaltenes,
7-20% resins, 1-4% paraffins. The water
content does not exceed 5—8%. Quite often,
the organic part of the freshly formed top
layer oil sludge is similar in composition and
properties to those stored in tanks original
oil product. This situation usually occurs in
consumables tanks of gas stations. Proposed
technologies for processing crude oil and oil

wasteusing non-standard physical, chemical,
and physical influences on them. In this case,
the raw material is pretreated using acoustic
energy, ultrasound, high-frequency(HF) and
ultrahigh frequency (UHF) electromagnetic
fields, ionizing radiation, exposure to plas-
ma-chemical and electric were used.

Conclusion

In general, on the basis of investigations
and experiment results the oil sludge volume
and their compositions is important to devel-
op and obtain new materials based on them
for variety industry especially for energy sup-
ply sector. As the dependency on petroleum
products is increasing, which in turn un-
avoidably lead to increase in the generation
of petroleum sludge, it will be indispensable
to increase the measures by which the gener-
ators to be obliged to treat the sludge without
violating the environment and health safety.
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