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Abstract. The purpose of our research is to summarize information about oil, the use of
various fractions of natural and synthetic petroleum acids (boiling away in the ranges of 125-175°C;
175-225°C; 125-225°C, the synthesis of their water-soluble complex salts with alkanolamines
(mono-, di-, tri-) by the reaction of their interaction with monoethanolamine, diethanolamine and
triethanolamine, determination of their IR spectra, melting point and refractive index, preparation of
solutions with different percentage concentrations (0.05; 0.01; 0.005; 0.001; 0.0001% solutions),
the study of the electrical conductivity of solutions, laboratory and field studies of these compounds
as growth compounds for Triticum, Zea mays and Pisum sativum. First, the seeds are soaked in
the appropriate solutions in Petri dishes. Then the seeds taken in a plastic container are planted into
the ground in accordance with the depth of planting and the number of seeds. The degree of
germination is calculated from the number of germinated seeds. To determine the effect of salt
solutions on the growth dynamics of the aerial parts of plants and roots in laboratory conditions,
observations and measurements are carried out for 14-15 days. At the next stage, experiments are
carried out in the field and the final results are obtained. Comparing the obtained results of
the effect of complex salt solutions synthesized on the basis of natural and synthetic petroleum
acids on plants both with each other and with the control variant (that is, with seedlings obtained
from seeds soaked in irrigation water), it is determined which complex salts have better effect on
plant development.

Annomayus. 1lenbio nuccneaoBaHui sSBIsETCS 0000IICHNE CBEICHH 0 He(DTH; NCITOIb30BaHUE
pa3nUYHbIX (Ppakiuil NPUPOTHBIX M CHHTETHYECKHMX HE(MTAHBIX KHUCIOT (BBIKMIIAIOUIMX B
untepBanax 125-175°C, 175-225°C, 125-225°C; cuHTe3 MX BOAOPACTBOPUMBIX KOMIUIEKCHBIX
cojel ¢ ankaHoidaMMHaMHu (MOHO-, IU-, TpH-); PEAKIHH WX B3aUMOJECHCTBUS C MOHO-
ATaHOJAMHHOM, JUATAHOI-aMUHOM U TpuUATaHoJdaMHHOM; omnpeneinenne ux HWK-crnekrpos,
TEMIIEPATyphl TUIABICHUS W II0KA3aTeNs NMPEJOMIIEHHS; NMPUTOTOBIEHUE PAacTBOPOB C PAa3IMUYHOM
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npoueHTHo koHueHTpanuedt (0,05, 0,01, 0,005, 0,001, 0,0001% pacTBOpBI); H3YUYEHHE
AIIEKTPONPOBOAHOCTH PACTBOPOB; IMPOBEACHUE JAOOPATOPHBIX M TOJEBBIX MCCIENOBAaHUM ATHX
COEMHEHMI B KaueCTBE POCTOBBIX JJIS MILEHUIIBI, KYKypy3bl U ropoxa. CHauana B yamkax llerpu
CEMEHa 3aMayMBalOT B COOTBETCTBYIOIIMX pPACTBOpAax. 3aTéM B3SAThIE CEMEHa B IUIACTUKOBOM
KOHTEWHEpEe Ca)KaloT B 3eMJII0 B COOTBETCTBUU C ITyOMHOM 3aca’kMBaHus U KoJudecTBoM ceMsiH. [1o
KOJINYECTBY MPOPOCIINX CEMSIH PACCUUTHIBAIOT CTENEHb MpOpacTaHus. s onpenesneHus BIUSHUS
pacTBOpPOB CoOJIeH Ha JUHAMHUKY POCTa HAJA3E€MHBIX YacTed pacTeHUN M KOpHEH B JIaOOpaTOpPHBIX
YCIIOBUSX TMPOBOIAT HAONMIOACHWS W W3MepeHusl B TedeHue 14—15 ameil. Ha crmemyromem stame
MPOBOJAT HKCIEPUMEHThl B TMOJEBBIX YCIOBHUSAX M IOJYYarOT OKOHYATENIbHbIE PE3YyIbTaThl.
CpaBHMBasi  MOJNY4YEHHbIE  pPE3ylbTaTbl  BIUSHHUS  KOMIUIEKCHBIX  COJIEBBIX  PAacTBOPOB,
CHHTE3MPOBAaHHBIX Ha OCHOBE MPUPOIHBIX M CHHTETHYECKUX HE(TIHBIX KHCIOT, HA PACTCHUS Kak
MEXy COOOM, TaK U C KOHTPOJIBHBIM BAPHAHTOM (TO €CTh C MPOPOCTKAMH, OTYYCHHBIMH U3 CEMSIH,
3aMOUYEHHBIX B MOJUBHOM BOJE), ONPEICISIOT, KAKUE KOMIUIEKCHBIE COJIM UMEIOT JIydlllee BIUSHUE
Ha pa3BUTHE PACTECHUM.

Keywords: complex salts, Petri dishes, monoethanolamine, diethanolamine, triethanolamine,
synthetic petroleum acids, natural petroleum acids, growth substances.

Knrouesvie cnosa: KOMILIEKCHEIC COJIM, YalllKH HeTpI/I, MOHO-3TaHOJIaMHUH, AWU3TAaHOJI-aMHWH,
TPUITAHOJIAMUH, CHHTCTHYCCKUC HC(bT?IHI)Ie KHCJIOTBI, IPUPOAHBIC HG(l)T?IHI)IC KHCJIOTBI, POCTOBBLIC
BCIICCTBA.

It is known that oil is a mixture of gaseous, liquid and solid hydrocarbons. Oil was formed
from the remains of water, plants and animals that existed hundreds of millions of years ago. Their
remains were mixed with silt and sand in layered deposits, and later, over the course of millennia,
they were geologically transformed into sedimentary rocks [8].

The main component of oil is hydrogen and carbon compounds — hydrocarbons, which have
a wide variety in their molecular structure. Among the valuable raw materials of the petrochemical
industry, an important place is occupied by natural petroleum acids (NPA), which have a wide range
of applications. Despite the fact that NPA and their derivatives have a variety of uses, due to the low
content of these acids in oil, they are among the limited products of the petrochemical industry. One
solution to this limitation is the conversion of naphthenic hydrocarbons to acids, i. e. obtaining
petroleum acids synthetically [9-12].

One of the most promising methods for the synthesis of synthetic petroleum acids (SPA) is the
catalytic oxidation of the diesel fraction of oil in the presence of air oxygen in the liquid phase. For
this, the fraction of Baku oils boiling at 217-349°C was taken as the object of study. The
naphthenic-paraffinic hydrocarbon mixture obtained after the fraction dearomatization process is
oxidized with atmospheric oxygen in the presence of a catalyst — Cr, Mn salts of natural petroleum
acids [3, 5].

Complex salts have been synthesized, their physicochemical properties have been studied, and
their structure has been confirmed by spectral methods.

Experimental part
The IR spectra of the taken acids were recorded on an ALPHA Furye spectrometer of the
German company Bruker. On Figure 1 and 2 show the IR spectra of Il fractions of natural and
synthetic petroleum acids as a sample [1-6].
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Table 1
INDICES OF PETROLEUM ACIDS
Fractions Boiling point, Synthetic acids Natural acids
°C/6.65mPa  Acidnumber  Molecular weight  Acid number Molecular
mg KOH/g mg KOH/g weight
I 125-175 266.4 210.6 293.0 191.5
I 175-225 224.9 249.4 270.0 207.8
General 125-225 218.2 257.1 257.0 218.3
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Figure 1. IR spectrum of Il fraction of natural petroleum acid
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Figure 2. IR spectrum of 1l fraction of synthetic petroleum acid
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In the spectra, the stretching vibrations of the carbonyl group -C=O characterizing the acid are
v = 1703 cm ', the stretching vibrations of the carboxyl group -COOH v = 2670 cm ', the bending
vibrations of the hydroxyl group OH of the acid appear in the region §=935 cm ™.

Research procedure
The reaction of obtaining complex salts is carried out at a temperature of 40-50°C for 2 hours
according to the scheme below:
R-COOH + NH,,(CH;,-CH,-OH), - [RCOO] [NH,+1(CH,-CH,-OH), ]
m=0, n=3, m=1, n=2, m=2, n=1

The reaction is carried out in a three-necked flask according to the procedure below. To obtain
the required complex salt, the calculated amount of petroleum acid and the corresponding
alkanolamine are added to the flask and stirring is continued until the reaction is completely
terminated [ 1, 3].

Synthesis of complex salts of natural and synthetic petroleum salts and ethanolamine and
preparation of solutions with different percentage concentrations. According to the above reaction
based on natural petroleum acids and monoethanolamine (MEA) — MEA 293-1, MEA 270-2, MEA
257-3, diethanolamine (DEA) — DEA 293-1, DEA 270-2, DEA 257-3 and triethanolamine (TEA)
—TEA 293-1, TEA 270-2, TEA 257-3, as well as synthetic petroleum acids and monoethanolamine
(MEA 266.4-1, MEA 224.9-2, MEA 218.2-3) , diethanolamine — DEA 266.4-1, DEA 224.9-2,
DEA 218.2-3 and triethanolamine — TEA 266.4-1, TEA 224.9-2, TEA 218.2-3 and after confirming
their structure by various methods, their solutions of various concentrations (0.05; 0.01; 0.005;
0.001 and 0.0001%) were prepared to study their effect on plants [2-4].

Analysis of the obtained results

The purity of the complex salts synthesized by us was confirmed. At the same time, IR spectra
were taken, and the structural structure and electrical conductivity of the obtained salts were
studied. These indicators vary from 2.9x107° to 3.6x10°° S/cm in solutions of complex salts of
natural and synthetic petroleum acids. On Figure 3 shows the IR spectrum of the diethanolamine
complex II fraction of the natural petroleum acid (DEA 270-2) as an example, and in Figure 4
shows the IR spectrum of the diethanolamine complex of 1l fraction of the synthetic petroleum acid
(DEA 224.9-2).
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Figure 3. IR spectra of complex salts DEA270-2
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Figure 4. IR spectra of complex salts DEA 224, 9-2

It is clearly seen from the spectra that the absorption bands (936, 1703, 1412, 2673 cm ')
corresponding to the stretching and bending vibrations of the functional groups characterizing the
acid have practically disappeared. The spectrum clearly shows deformation (1341, 1451 cm ') and
stretching vibrations (2861, 2923 cm™ '), which are characteristic of CH bonds of CH, groups. Also
in this spectrum, asymmetric and symmetric stretching vibrations (1402, 1544, 1643 cm™)
belonging to the C-O bond of the carboxylic acid (-COO-) are observed. The stretching vibrations
of the N-H bond at 3368 cm ™' coincide with the absorption bands characterizing the C-O bond of
the carboxylic acid (1544, 1643 cm ™). Thus, analysis of the IR spectrum of the sample indicates
that it corresponds to alkanolamine. The IR spectra of other substances were also taken [2, 5]. The
electrical conductivity of the obtained complexes was determined and is given below in Table 2.

Table 2
SPECIFIC ELECTRICAL CONDUCTIVITY OF SOLUTIONS OF COMPLEX SALTS

Complex salts Solutions with concentration 10> Solutions with concentration 10~*
Resistivity, Electrical conductivity Resistivity, Om x m Electrical

Om xm - 4, S/cm conductivity -4, S/cm

Based on natural naphthenic acids

MEA 257-3 1.5x10° 6.6x10° 1.7x10° 5.9x10°
DEA 257-3 1.2x10° 8.3x10° 1.6x10° 6.3x10°
TEA 257-3 1.6x10° 6.3x10° 1.6x10° 6.3x10°
MEA 270-2 1.3x10° 7.7x10° 1.5x10° 6.6x10°
DEA 270-2 1.6x10° 6.3x10°° 1.7x10° 5.9x10°
TEA 270-2 1.5x10° 6.6x10° 1.7x10° 5.9x10°
MEA 293-1 1.7x10° 5.9x10° 1.6x10° 6.3x10°
DEA 293-1 1.6x10° 6.3x10° 1.6x10° 6.3x10°
TEA 293-1 1.4x10° 7.2x10° 1.6x10° 6.3x10°°

(B
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 20



bBroanemens nayxu u npaxmuxu [ Bulletin of Science and Practice
https://www.bulletennauki.ru

T. 9. Ne8. 2023
https://doi.org/10.33619/2414-2948/93

Complex salts

Solutions with concentration 10~

Solutions with concentration 10~*

Resistivity, Electrical conductivity  Resistivity, Om x m Electrical
Om xm - 4, S/cm conductivity -4, S/cm
Based on synthetic naphthenic acids

MEA 218,2-3 1.5x10° 6.6x10° 1.7x10° 5.9x10°
DEA 218,2-3 1.2x10° 8.3x10° 1.6x10° 6.3x10°
TEA 218,2-3 1.6x10° 6.3x10°° 1.6x10° 6.3x10°
MEA 224,9-2 1.3x10° 7.7x10° 1.5x10° 6.6x10°
DEA 224,9-2 1.6x10° 6.3x10° 1.7x10° 5.9x10°
TEA 224,9-2 1.5x10° 6.6x10° 1.7x10° 5.9x10°
MEA 266,4-1 1.7x10° 5.9x10° 1.6x10° 16.3x10°°
DEA 266,4-1 1.6x10° 6.3x10°° 1.6x10° 6.3x10°
TEA 266,4-1 1.4x10° 7.2x10° 1.6x10° 6.3x10°
Distillated water 1.7x10° 5.9x10° — —

Methods for determining the electrical conductivity of substances (liquid and solids) are
different depending on the type of substance and its physical and chemical properties. The electrical
conductivity of the studied substances was carried out according to patent no. J 20110064.

By determining the electrical conductivity of substances, it is established to which group they
belong. In this regard, the electrical conductivities of the substances synthesized by us are shown in
Table 2. The freezing point and refractive index of the obtained substances are shown in Table 3.

Table 3
POUR POINT AND REFRACTIVE INDEX OF COMPOUNDS
Indices Apparatus Method Examples
I < oo <« © M« ~ < <
oM w o @ w o® W o @ < i
“2§= °25= "2§= =850
Density, g/cm® at DMA 4500M ASTM D5002 0.9865 0.9619 0.9853 0.9850
20°C no more
Pour point °C Methodology GOST 20287-91 -2 0 -2
Refractivity at Abbemat 500 Methodology 1.3331 1.3330 1.3331 1.3331
20°C
pH HANNA Methodology 6.334 5.360 6.175 4.442
Indices Apparatus Method Examples
TP«c B9« . ©Fg S0
S85K 285y 28w 23w
2o 2o 2 2%
Density, g/cm® at DMA 4500M ASTM D5002 0.9561 0.9796 0.9872 0.9865
20°C no more
Pour point °C Methodology GOST 20287-91 0 0 0
Refractivity at Abbemat 500 Methodology 1.3330 1.3330 1.3331 —
20°C
pH HANNA Methodology 6.009 5.720 5.681 6.084
Indices Apparatus Method Examples

no. (1034) SPA-3, TEA
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Indices Apparatus Method Examples
IT5< D ©9q SS9«
OV gl oV gl oDV gl 0N
o o o o

o932 To%= To%= “450

Density, g/cm®at 20°C no more DMA 4500M ASTMD5002 0.9867

Pour point °C Methodology =~ GOST 20287-91 0

Refractivity at 20°C Abbemat 500 Methodology 1.3331

pH HANNA Methodology 6.001

Preliminary tests of the influence of 0.05, 0.01, 0.005, 0.001 and 0.0001% solutions of
ethanolamine complex salts obtained on the basis of the indicated fractions of natural and synthetic
petroleum acids for wheat, corn and peas in laboratory conditions. To do this, a certain number of
plant seeds were placed in Petri dishes and distilled (irrigation) water was added to one container to
control for each type of seed, and complex solutions of salts were added to other containers to the
seeds. Our observations over several days showed that the effect on the seeds of solutions of
complex salts obtained on the basis of both natural and synthetic petroleum acids at a concentration
of 0.001-0.0001% on seeds of solutions accelerates seed germination by 7-23 hours, depending on
on the type of seeds, and also increases the height and root of the seedlings in comparison with the
control experiment, rapid growth is observed in the system [1-4].

At the next stage, the germination of seeds soaked in the solution was studied. In order to
achieve the germination of plant seeds in accordance with the planting norms, we calculated the
area of plastic containers and the number of seeds that can be planted in these containers. These
figures are shown in Table 4.

Table 4
STANDARDS FOR SOWING SEEDS IN THE LABORATORY
Container depth and Planting depth and seed quantity
area Triticum Zea mays Pisum sativum
H, cm S, m? H, cm T/S, seeds H, cm T/S, seeds H, cm T/S, seeds
11 0.006 1.0-1.5 2-3 1.0-1.5 1 1.0-1.5 1
12,5 0.01 1.0-1.5 2-3 1.0-1.5 1 1.0-1.5 1
10 0.01 1 3-4 1 1 1 1
8 0.01 1 3-4 1 1 1 1
4.5 0.018 0,5 5-7 0,5 1 0,5 1-2

For experimental tests, we planted plants in plastic containers filled with soil in accordance
with the regulations. To obtain more accurate results for each plant, sowing was carried out
simultaneously in 3 experiments. The seeds in the first 3 containers were soaked in distilled
(irrigated) water as a control, and the seeds in the remaining containers were pre-soaked in 10 %
solutions of complex salts of some natural and synthetic petroleum acids (3 experiments for each
type). Note that, as can be seen from Table 2, the 10 *% concentration of salt solutions used by us
for plants is a very low value, and the electrical conductivity of these solutions is very close to the
electrical conductivity of distilled water.

Observations and measurements were carried out for 14-15 days in laboratory conditions to
study the effect of salt solutions on the dynamics of growth of the aerial parts of plants and roots.
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Conclusion

Dividing 21 plastic containers for each of the wheat, corn, and pea plants into 3 containers of
distilled water, which we took as the normative and appropriate amount for control, 9 of the
remaining containers sowed seeds of wheat, corn, and peas, previously soaked in 10™*% solutions of
complex salts I fractions of natural petroleum acid and mono-, di- and triethanolamine, and the
remaining 9 containers were sown with seeds soaked in 10" solutions of complex salts I fractions
of synthetic petroleum acids and for the accuracy of the experiment three re-sowing. Since the
emergence of seedlings of these plants, the dynamics of their growth was monitored, and
measurements were taken. Tables 7 and 8 respectively show the daily growth rates of plant height
under the influence of complex salts of natural and synthetic petroleum acids. It can be seen from
the tables that in both cases, when using saline solutions during the observation period,
development in the control experiment outstrips growth rates. The indicators show that the
influence of complex salts of natural and synthetic acids is close to each other. As you can see, the
effect of each salt solution on different plants is different [7]. As can be seen from Table. 6, when
using complexes of natural petroleum acids for control sowing, in wheat in the aerial part, an
increase of 3.8-12.5% is observed, in the root part 13.7-33.6%; in peas in the aerial part 8.1-16.9%,
in the root part 40.4-94.2%; in corn, the growth in the aerial part is 4.6-8.9%, in the root part 5.2-
18.1%.

Table 6
COMPARISON OF THE EFFECT OF SOLUTIONS
OF THE SYNTHESIZED COMPLEX SALTS ON THE STEMS AND ROOTS OF PLANTS

Plants Part Size after Size after solution supply, cm
added-irrigation Based on NPA Based on SPA

water, cm MEA DEA TEA MEA DEA TEA

Pisum stem 26 30.2 28.1 29.4 30.4 28.2 29.3
sativum root 17.3 24.3 33.6 27.0 25.7 32.7 28.1
Triticum  stem 18.4 19.1 20.2 20.6 194 20.2 20.7
root 14.6 18.2 19.1 16.6 18.9 19.3 19.5

Zea mays stem 34.7 36.3 37.7 36.4 36.6 37.8 36.5
root 25.9 279 27.5 27.2 30.5 30.6 28.8

Table 7
INDICATORS OF GERMINATION OF PLANT SEEDS BY DAY UNDER THE INFLUENCE
OF COMPLEX SALTS OF THE | FRACTION OF NATURAL PETROLEUM ACID

Days Triticum Zea mays Pisum sativum
Water  MEA DFEA TEA Water MEA DEA TEA Water MEA DEA  TEA
3 4.8 55 6 4.6 25 3.5 38 35 4.5 4.8 5.8 4
5 9 11 123 103 438 6 57 6.2 7.3 9 7.2 7.6
7 121 137 141 13 7 9.8 9 9 9 125 103 12
9 147 161 172 154 101 141 141 144 132 168 143 16

11 165 178 196 174 165 198 19 19.2 17 20.3 18 18.3
13 17 18 20 18 20.8 29 328 307 198 225 208 22.5
15 182 193 213 198 27 347 372 343 251 30 28.3 29.8
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Table 8
PLANTS AND HEIGHT

Days Triticum Zea mays Pisum sativum

Water MEA DEA TEA Water MEA DEA TEA Water MEA DEA TEA
3 4.8 7 6.2 5.6 25 3.8 4.2 3.4 4.5 7.5 6.7 7.3
5 9 11.2 12 101 438 6.4 7 6.2 7.3 113 89 9.2
7
9

121 135 15 13 7 104 113 10 9 154 135 13.2
147 168 176 155 101 15 158 146 13 16.7 16 17.9
11 165 178 192 18 165 188 21.7 197 17 21 19 215
13 17 189 198 184 208 247 334 285 198 24 238 256
15 18 20 204 21 27 302 383 373 25 32.6 30 31.1

Investigation of the effect of complex salts of the I fraction of natural and synthetic petroleum
acids on Triticum, Zea mays and Pisum sativum. The study of the effect of amine complexes of the I
fraction of natural and synthetic petroleum acids on Triticum, Zea mays and Pisum sativum was
carried out similarly to previous experiments. Plant growth was observed for 14-15 days,
measurements were made, and the results recorded. The table shows that during the observation
period, plants that received salt solutions are somewhat ahead in development compared to the
control experiment.
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