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TRACE ELEMENTS

Abstract

This article examines trace elements that regulate the functional activity of living organisms, are part of
tissues, enzymes, hormones involved in the synthesis of carbon, fats, proteins, vitamins and other substances.
In addition, trace elements allow plants to withstand adverse weather conditions, have a positive effect on the
absorption of nutrients and water by the body. It is shown that trace elements play a special role in increasing
the efficiency of mineral fertilizers and increasing the yield of agricultural plants.

Special attention is paid to elements such as zinc, copper, manganese, boron, molybdenum, cobalt and
iron, since even their minor deficiency in the soil can become a limiting factor for plant growth and
development.

Keywords: industrial waste, waste processing, mineral fertilizers, complex mineral fertilizers,
ammophos, potassium nitrate, nitrophoska, ammonium, monoammonium phosphate, diammonium phosphate.

Introduction

Mineral fertilizers are the main source of various nutrients for plants, primarily nitrogen,
phosphorus, potassium, but also calcium, magnesium, sulfur, iron, and are very important for the
composition of the soil. All these elements belong to the group of macroelements.

Complex mineral fertilizers are considered more important, since they contain several nutrients.
This type of fertilizer includes: ammophos, potassium nitrate and nitrophoska. The first of these is
obtained by the reaction of phosphoric acid with ammonia. Depending on the degree of neutralization,
monoammonium phosphate NH4H>PO4 and diammonium phosphate (NH4)HPO4 are formed. [1].

The use of slags with various impurities in agricultural production as chemical fertilizers and
for soil improvement is of considerable scientific and practical interest. [2]. In order to use slags from
metallurgical production, it is first necessary to study the amount of metals in their composition and
the properties of the slag. For a long time, the theory of the structure of slags was developed,
considering them as a combination of basic and acidic oxides [3]. Some of the slags combine with
each other to form complex compounds, while the rest is in a “free” state. The molecular theory of
the structure of slags was proposed by G. Shenkov and his colleagues [4]. According to the research
of these scientists, it is based on the law of equilibrium established by slag-steins and the law of
reactive masses acting in its ideal form. The chemical composition of slags after fuming: 38,6% FeO;
12,7% Fe203; 24,8% Si02; 13,8% CaO; 5,5% Al20s3; 0,12% Pb; 2,6% ZnO; 0,58% Cu and 1.1%
S. Lead and copper are present in it in the form of metal droplets or sulfides. The density of the oxides
in the slag is as follows, g/cm3: 2,20 Si0»; 3,35 CaO0; 5,2 FeO; 2,3 AlOs. Slags from metallurgical
production are crushed and sorted into grades depending on their fractions in a sorter. Fractions with
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a size of 0-5 mm or 0-10 mm are sorted into classes in a pneumoclassifier at an air flow speed of 12-
18 m/s, and a slag concentration in the air flow of 4-10 kg/m3. Then the separated slag fractions are
mixed with ammophoska fertilizer [5].

Materials and Methods

In laboratory conditions, the process of obtaining ammophoska by neutralizing phosphoric acid
of known concentration with ammonia water in two stages was studied [6].

Karatau phosphorite was used for the study (composition%): 17,8 % P20s, 0,38% CaO, 0,49%
Si02, 0,5% Fe203, 0,93%S03, 0,23% Al203, 1,3% MgO, 1,3% F, 5% insoluble residues[6].

The first stoichiometric weight of 10.0 g of phosphorite was dissolved in a mixture of two acids
(nitric and sulfuric). The resulting pulp was heated to 750C, and the solid and liquid phases were
separated. The resulting liquid phase was poured into a three-necked flask with a volume of 200-250
cm3, placed in a laboratory thermostat equipped with a stirrer and a thermometer, and gradually
neutralized with a 25% ammonia solution (pH-4.5-5.0). The neutralization time was 40 minutes and
the temperature was 30-400C. Then the pulp was filtered using a Buchner funnel, the resulting solid
phase was washed with a small amount of water and dried in a drying cabinet. The solid phase product
(salts) formed in this first stage can be used as a second-grade ammophoska.

In the second stage of the neutralization reaction, ammonia water, and then the prepared solution
of potassium salt are added dropwise to the separated liquid solution using a separatory funnel. The
completion of the reaction is determined using the methyl orange indicator. The resulting pulp is
transferred to a porcelain dish, weighed on an analytical balance, and dried in a drying oven at 60-
900C with frequent stirring. When the product becomes friable, the drying is stopped and the drying
time is determined. The drying temperature is selected depending on the pH value, that is, the type of
salts obtained and their stability. The dried product is weighed on an analytical balance (m), ground,
and analyzed for moisture content (Cu20), nitrogen (CN), and P2Os (Cp205).

Figure 1. Laboratory equipment for the production of ammophoska

Selection of analytical methods. Study of solubility in the systems NH3-H3PO4+-H20 and
NH4H2PO4-(NH4):HPO4-H:20.

To ensure the accuracy of the data obtained as a result of the study, studies were conducted to
determine the reactions of neutralization of phosphoric acid, i.e. the decomposition of phosphoric
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acid and the main technological indicators of the process, and the solubility in the NH3-H3PO4-H>O
and NH4H>PO4-(NH4)HPO4-H>0O systems was studied [/].

Results and Discussion

The processes under study are not only chemical, but also complex chemical-technological
systems consisting of state transitions under equilibrium conditions. Therefore, it is impossible to
obtain a technology for neutralizing phosphoric acid without a comprehensive physicochemical
analysis of these systems and without determining the laws of phenomena occurring in these systems.
These analyses are carried out by showing the dependence of the heterogeneous system on its
composition and indicators and their state diagrams. In addition, information on the solubility of the
specified system is also limited and does not correspond to the conditions for conducting processes
in the system under study. In this regard, there is a need to study the phase diagrams of the above
systems, since these obtained values are the necessary sources of information for calculating the
scientific basis of technological processes occurring in the processing by the phosphoric acid method.

We conducted the solubility of aqueous-salt systems using visual-polythermal and isothermal
methods.

By the visual-polythermal method, the temperature of the first crystals during uniform cooling
of the solutions and the last crystals lost during heating of the solutions were visually monitored [8].

The experiment was carried out in a device equipped with a freezer, a mixer and a thermometer.
The temperature was stabilized by a thermometer with an accuracy of +0.10°C. The system was
studied using internal polythermal curves. Based on the data obtained, a solubility diagram was
constructed using the Rosebum method [8]. In the studied systems, isotherms were constructed using
interpolation based on polythermal curves at every 100°C. To clarify the intersection point and
crystallization surface, polythermal projections were constructed on the system.

The study by the isothermal method [9] allows us to determine the mutual solubility of the
components in the system under study. The experiment was carried out in a thermostat with a
hydraulic holder, in which a three-necked flask equipped with a mixer and a thermometer was placed.
The temperature was stabilized by a thermometer with an accuracy of +0.1°C. After saturation was
reached, samples were taken from the liquid state for analysis every 30 minutes using a thermostatic
sampler. The establishment of equilibrium can be seen from the results of the last two or three samples
taken. At the same time, samples were also taken from the solid state for analysis of the P,Os content,
for which the formed crystals were previously dried by a standard method, and the analysis was
carried out by the photoelectrocolorimetric method. The solubility was determined based on the
results of 3-4 parallel experiments, the maximum deviations of each two parallel analyses carried out
in the liquid state should not exceed 0.5%.

The temperature dependence of the solubility of ammonium phosphate was studied.
Diammonium phosphate forms stable saturated solutions. Triammonium phosphate dissolves in water
by decomposition. Among the solid ammonium phosphates, monoammonium phosphate is stable;
when heated to 100°C, it does not significantly lose ammonia from its composition. Diammonium
phosphate, on the other hand, loses significantly ammonia from its composition at 70°C and passes
into monoammonium phosphate. Triammonium phosphate decomposes at 30-40°C. The boiling
points of saturated solutions of monoammonium are shown in Figure 2.
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Figure 2. Boiling point of saturated solutions of monoammonium phosphate

The quality control of the experimentally obtained product was carried out by chemical and
crystal-optical methods. Figure 3 shows thermograms of ammophoska.

Thermogravimetric analysis was carried out on a derivatograph of the Paulik-Eridey system.
Here, the heating rate of the substances was 12 degrees/min, the maximum temperature was 600°C
and 9 degrees/min to 900°C. During the study, a platinum-platinum-rhodium thermocouple isolated
from the substances was used. The sample under study was placed in a platinum crucible with a lid.
The sensitivity of the galvanometers was DTT-1/10, DTG-1/15. The weight of the sample taken for
analysis was -0.1 g., calcined alumina was used as a standard [10].
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Figure 3. Differential thermal derivation of ammophoska
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In the differential-thermal curve, an endothermic effect was observed at 178°C. This change
corresponds to the melting of diammonium phosphate and the decomposition of the salt. And at 265°C
it corresponds to the melting and decomposition of monoammonium phosphate.

The technology of obtaining ammophoska by neutralizing phosphoric acid with ammonia water
in two stages in laboratory conditions was considered. The study was carried out at temperatures of
40+95°C and for 30, 60, 90 min. time intervals. Using the results of the study, a schematic diagram
of the process of obtaining ammophoska is prepared.

Conclusions

The method of neutralizing ammophos - phosphoric acid and ammonia is shown. The solubility
of the systems formed during neutralization is given. It is established that the studied processes
consist of complex chemical and technological systems consisting not only of chemical, but also of
state changes in equilibrium conditions. The raw materials necessary for the production of ammophos
are described. In laboratory conditions, the process of obtaining ammophos by two-stage
neutralization of phosphoric acid of known concentration with ammonia water was studied. The
results of experimental tests conducted to obtain a complex fertilizer were compared with standard
indicators.
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KYPAMBIHJIA MUKPODSJIEMEHTTEPI BAP AMMO®OCKA AJTY
TEXHOJIOI'HACBIH 3EPTTEY

Tyiiin

Byn makanana Tipi opraHu3MaepIiH (QyHKIIMOHAIABIK OCJICEHIUIIrH PETTEHTIH, KOMIpTeTi, Maiiap,
aKybI3[ap, BUTaMUHAEP XoHE Oacka 3arTapJblH CHHTE3iHE KAThICAThIH YIMANapAblH, (QepMEeHTTepIiH,
TOPMOHAAPIBIH KYpaMblHa KipeTiH MUKPO3JIEMEHTTEP KapacTeIpbuiaipl. COHBIMEH Karap, MUKPOJIEMEHTTED
eCIMJIIKTEepre KOJaiChl3 aya paibl *aFJdaiapblHa TOTeN Oepyre MYMKIHIIK Oepei, KOPEKTiK 3arTap MeH
CYIbIH ar3ara CiHyiHe OH ocep ereli. MUHepaiabl THIHAUTKBIITAPABIH THIMIUITIH apTThIpya >XKOHE
aypUIIIAPYAIIBUTEIK ~ OCIMAIKTEPIHIH ~ OHIMAUIITIH  apTThIpyla MHKPOIIEMEHTTEPAiH epeKiie  pel
aTKapaThIHABIFbl KOPCETUITCH.

MBIpbIl, MbIC, Maprasel], 00p, MOIHOICH, KOOAIBT JKOHE TEMIpP CHAKTHI JIEMEHTTEpPIe epeKIle Hazap
ayJapblUIaabl, OUTKEHI ONapIbIH TONMBIPAKTAFHI IIIAMaJIbl KETICTICYIILUTIT /Ie OCIMAIKTEP/IiH 6Cyl MEH NaMybIH
MIEKTEUTiH (haKTOpFa alfHAITybl MYMKIH.

MHUKpO3JIeMEHTTEpAl KYpAeTi THIHAWTKBIITApABLIH Oip Oeiri peTiHae HeMece KalbIpakThl YCTIiHTi
0aifpITY apKbUTBI (KAIbIpaK apKbLIbl) €HTi3y AaKbUINApbIH aypyaap MeH 3USHKeCTepre TO3IMIUITIH eaayip
apTTHIPATHIHbI, )KEMICTEp MEH JOOHIEPAETi KaHTTapIblH, BUTAMHUHJICPAIH, aKybI3JapAblH JKOHE MailapIblH
KYPaMBbIH apTTHIPY apKbUIbl NAKbUIAP/IBIH CAMAChIH KaKCaPTATHIHBI TOJICIICH]II.

KinTrik ce3nep: eHipiCTIK KalAbIKTap, KaJAbIKTapAbl KaWTa eHAEY, MHUHEPaJIbl ThIHANTKBIILTAD,
KYpJeNi MUHEepaIIbl THIHAWTKBIIITAP, aMMOQOC, Kaluid HUTPAThl, HUTPOPOCKa, aMMOHUH, MOHOAMMOHUH
docdarsl, Tuammonuii pocgarsl.
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HCCJEJOBAHUE TEXHOJIOTUA MMOJTYYEHUA AMMO®OCKH, COAEPXKAIIENA
MHUKPODJIEMEHTDBI

AHHOTaU U

B nmamHO¥ cTaThe M3y4eHBI MUKPORJIEMEHTHI, KOTOPHIE PETYIUPYIOT (YHKIMOHAILHYI0 aKTUBHOCTH
JKUBBIX OPTaHU3MOB, BXOZSAT B COCTaB TKaHEH, (epMEHTOB, TOPMOHOB, YYaCTBYIOIIUX B CHHTE3€ YINIEpoja,
KUPOB, OCJIKOB, BUTAMHHOB W JAPYTUX BemecTB. Kpome TOro, MHUKpPO3JIEMEHTHI IO3BOJSIOT PACTEHUSIM
MIPOTUBOCTOATH HEOIATOTPUATHBIM TIOTOAHBIM YCIIOBHSM, OKa3bIBAIOT MOJIOKHUTEIHLHOE BIIMSTHUE HA YCBOSHUE
MIATATENBHBIX BEIIECTB M BOMALI OpraHm3MoM. llokazaHo, 9TO MHUKPOIJIEMEHTHI WUTPAIOT OCOOYI0 pOih B
MOBBINICHUH 3 HEKTUBHOCTH MUHEPAITBHBIX YIOOPEHUH, YBEIIMYCHUN YPOKANHOCTH CEIThCKOXO3SHCTBEHHBIX
pacTeHui.
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Ocoboe BHUMaHHE yAEISIeTCs TAKUM dJIEMEHTaM, Kak [IUHK, Mellb, MapraHei, 60p, MOIuOAeH, KoOalIbT
U JKEeJe30, IIOCKOJIBKY 1K€ MX HE3HAYNUTENIbHBIN Ne(UINT B IIOYBE MOXKET CTAaTh JIUMUTHPYIOLUIUM (HaKTOPOM
IUIL pocTa M Pa3BUTHsSL pacTeHHMH. Jl0kKa3aHO, YTO BHECEHHE MMKDPOYIIEMEHTOB B COCTABE KOMILJIEKCHBIX
yAOOpeHUH WM IMyTeM BHEKOPHEBOW MOAKOPMKH (Yepe3 JIHCT) CYHIECTBEHHO YCHIMBACT YCTOHMUMBOCTH
KyJAbTYp K OOJIE3HSM M BpPEAWTENSIM, YIy4dllaeT KaueCTBO YPO)Kas — IOBBIIIAET COIEPXKAHHUE Caxapos,
BUTaMMHOB, OEJIKOB M )KHPOB B IUIOZIAaX U 3€pHE.

KaroueBble c0Ba: MPOMBIIIICHHBIE OTXOIBI, NepepaboTKa OTXOAOB, MHHEpalbHbIC YIOOpPCHUS,
KOMIUICKCHbIE MHHEpalibHble  ynoOpenus, ammo(oc, KajiueBas CeIuTpa, HHUTPO(OCKa, aMMOHHUI,
MOHOaMMOHHUH Qocdar, auamMmmoHuii hocdar.
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