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B cmamve npugedenvt pezynvmamul uzyueHus npoyeccos noayueHus opeaHoMuHepaIbHblx yY0oopeHutl nymem
KOMROCMUPOBAHUsL HAB03A KPYNHO20 pocamozo ckoma (KPC) ¢ dobaskou akmususuposanno2o gocgopuma (AD)
A30MHOU KUCIOMOU 6 3A8UCUMOCTIU OM HOPMbL A30MHOU KUCLIOMbL, NPOOOIACUMENbHOCTNY KOMNOCMUPOBAHIUSL,
8ECOBHIX COOMHOUEHUT UCXOOHBIX KOMNOHEHMO8 U GIANCHOCHU KOMNOCIMUPYeMOU Maccyl. M3yuena 3agucumocmy
agppexmusnocmu dobasku AD asommoii kucromou npu Hopmax 20—60 % om cmexuomempuu va CaO cooeporca-
we2ocst 8 pochamHoMm Colpbe U KOMROCTRUPOBAHUL 8 MedeHUe mpex MeCayes 8 UHMepaale 8eCO8blX COOMHOULeHUL
Haeo3 KPC: A® = 100: (2-25). l[loxazano umo, AD azomuou kuciomoi oonadaem Haubosee ayHuumu CeoUCmed-
MU OJIs1 CHUIICEHUS! BbIOENEHUSL BPEOHDBIX 2A308 HA OKPYHCAIOWYIO CPpedy, HA YenuyeHue yMUGUKayuy opeanuieckux
gewecms KOMROCMO8, NpueomosieHHbIX Ha ocHoge Hasoza KPC. Hatioeno, umo npedsapumenvHas pasiodcenus
docgammnoeo coipvs azomuou kucromou npu Hopme 40 % om cmexuomempuu Ha paznodicerue CaO codeporca-
weeocs 8 gocghamnom cvipve 6 meuenue 30 munym u 0obaexa e2o k nasozy KPC neped xomnocmuposanuem
npu eecogvlx coomuowenusix Haeoz KPC: AD = 100: 20 u evioepoicusanue 6 meuenue mpex mMecsiyes npu e1aic-
Hocmu 65—75 % noseonsem ygeauuums cmeneHb npespauyeHiuss OpeaHudeckoll 4acmu Ha8o3d 8 2yMycosvle seuje-
cmea om 41,64 0o 60,42 %, cnudicenuro nomepu azoma u opeanudeckux eeujecms om 28,67 00 5,5 % u om 23,54
00 8,19 % coomeemcmesenno. Kpome smoeo 3a cuem ygenuuenue oopo3aanius 2yMUHOBLIX GeUjeCNG YEeTUUBA-
emcs omuocumenvtoe cooepdicanue P,O; yce. no mpunony b om 32,19 0o 77,38 %. Cuoicenus nomepu azoma
U Opeanuyeckux seujecms oovscusemcs mem ymo AD azomHol KUCIOMOU COOEPAHCUTN 8 CBOEM COCmase 8000pac-
MBOPUMBLU KATbYULL HUMPAm, MOHOKATbyutipocham u yceosiemulii oukanvyutipoccham, kpome smozo pH cpeoa
maxaice CHudIcaemcs u npu 0oobaske e2o k Hasosy KPC neped komnocmuposanuem 6 KOMROCMAx co30aémcs bonee
ONMUMATBHOE YCI08Ue OISl B3AUMOOCUCNBUS OPLAHUYECKUX KUCTIOM, AMMUAKA C UOHAMU KATbYUs U HUmMpama
U 00PA3068AHUIO KAYECMBEHHO20 OP2AHOMUHEPATLHO20 YOOOPEHUs ¢ MUHUMATLHBIM BbLOCTEHUEM 8 OKPYHCAIOUWYIO
cpedy BPEOHbIX 20306 YMO ABNAEMC sl NPEONOCHLIKOU 01 NOYYEeHUsl IKOL02uYecKy b6e3onacholl ocgopcooeparca-
WUX OP2AHOMUHEPATLHBIX YOOOPEHUI.

KuaroueBbie caoBa. HaBos, a30THas KHUCIOTa, aKTUBU3UPOBaHHBINH (ocdopuTt, Gocdop, ryMHHOBBIE KUCIIOTHI,
(YIBBOKHCIOTHI, KOMIIOCT, OPraHUYECKHE KUCIIOTHI, KOJIOTHSI, OKPYIKaIOIIast Cpesa.
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The results of studying the processes of obtaining organomineral fertilizers by composting cattle manure (cat-
tle) with the addition of activated phosphorite (AP) with nitric acid, depending on the rate of nitric acid, the resi-
dence time of composting, the weight ratios of the initial components and the moisture content of the compost
mass are given in this article. The dependence of the effectiveness of the addition of AP with nitric acid at rates
of 20-60 % over the stoichiometry for CaO contained in the phosphate raw material and composting for three
months in the range of weight ratios of cattle manure: AP = 100: (2-25) was studied. It is shown that AP with
nitric acid has the best properties for reducing the emission of harmful gases to the environment, for increasing
the humification of organic matter in composts prepared based on cattle manure. It was found that preliminary
decomposition of phosphate raw materials with nitric acid at a rate of 40 % of stoichiometry over decomposition
of CaO contained in phosphate raw materials for 30 minutes and its addition to cattle manure before composting
at weight ratios of cattle manure: AP = 100:20. At that, aging for three months with a humidity of 65—75 % allows
to increase the degree of conversion of the organic part of manure into humic substances from 41,64 to 60,42 %,
reducing the loss of nitrogen and organic matter from 28,67 to 5,5 % and from 23,54 to 8,19 % respectively. In ad-
dition, due to the increase in the formation of humic substances, the relative content of P,0; assimilate on Trilon B
increases in a range from 32,19 to 77,38 %. The decrease in the loss of nitrogen and organic matter is explained
by the fact that AP with nitric acid contains in its composition water-soluble calcium nitrate, monocalcium phos-
phate and assimilable dicalcium phosphate. Additionally the pH of the medium also decreases and when it is added
to cattle manure before composting in composts. There has created a more optimal condition for the interaction
of organic acids, ammonia with calcium and nitrate ions and the formation of high-quality organomineral fertil-
izers with minimal release of harmful gases into the environment, which is a prerequisite for obtaining environmen-
tally friendly phosphorus-containing organomineral fertilizers.

Keywords. Manure, nitric acid, activated phosphorite, phosphorus, humic acids, fulvic acids, compost, organic
acids, ecology, environment.

Introduction

At present, the need for agriculture in the Repub-
lic of Uzbekistan for phosphorus fertilizers is provid-
ed by less than 20-25 %. The reason for this is the lack
of high-quality phosphate raw materials. In Uzbeki-
stan, the raw materials for the production of phospho-
rus fertilizers are the phosphorites of the Central Ky-

zyl Kum. According to the content of the main compo-
nent, phosphorus, these phosphorites are classified as
poor raw materials. Due to their low phosphorus con-
tent, they are unsuitable for the production of tradition-
al phosphorous fertilizers. Therefore, at the Kyzylkum
phosphorite complex, a multistage enrichment of phos-
phorites from the Kyzylkum deposit is being carried
out. During enrichment, large losses of phosphorus
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occur. The gross yield of P O, in phosphoconcentrate
is only 58 %. During dry sorting of ore, off-balance ore,
the so-called mineralized mass (MM) (10-14 % P,O,),
is removed from the beneficiation process to the dump.
And when washing phosphorite flour (PF) from chlo-
rine, sludge phosphorite (SP) with a content of 10—12 %
P O, is formed, which is also thrown into the sludge
storage. A pulverized fraction (18-20 % P,O,) is re-
leased at the firing stage of washed dried phosphorite
concentrate. In general, 100,94 thousand tons of P,O,
are lost with them annually. To date, more than 15 mil-
lion tons of substandard phosphorites have already
been accumulated. Laboratory studies have been car-
ried out on phosphoric acid processing of low-grade
Kyzylkum phosphorites in order to obtain ammophos-
phate and double superphosphate [1, 2]. But this re-
quires phosphoric acid from the production of ammo-
phos and this limits the expansion of the range of phos-
phorus fertilizers

It should also be noted that there is an acute short-
age of organic and organomineral fertilizers in the ag-
riculture of the Republic of Uzbekistan.

At the same time, due to improper storage and lack
of rational technologies for processing animal and poul-
try waste, cattle manure and bird droppings emit harm-
ful substances CO,, CH,, N,O and NH, into the atmo-
sphere. Today, in Uzbekistan, the total number of cat-
tle has reached 12,7 million, and poultry — 75 million.
The mass of the resulting manure and poultry drop-
pings per day reaches 6—8 % of the mass of the animal.
In total, 110 thousand tons of manure and dung are pro-
duced every day. For the year, the total volume is more
than 40 million tons. Cattle manure and poultry ma-
nure are the most important raw materials for the pro-
duction of organic and organomineral fertilizers. At
present, in the country, cattle manure is partially com-
posted with aging for several months and is used in ag-
riculture. In many farms, manure and poultry drop-
pings are stored, and the accumulated organic waste
is used as organic fertilizer. In this case, the humifi-
cation process does not occur completely, pathogenic
microorganisms persist and become a source of soil,
water and air pollution. In [3], a quantitative assess-
ment of the impact of technological processes (methods
of accumulation and removal of manure from premis-
es, its processing by composting or anaerobic diges-
tion, storage using various types of coatings, the use
of inhibiting additives) on the emission of methane, ni-
trous oxide and ammonia is given. The limits of chang-
es in nitrous oxide emission, depending on the applied
technology of keeping animals, are established, consti-
tuting 0,002-0,14 kg/kg of released nitrogen. The range
of methane emissions for different storage systems for
cow manure was 5,1-43,4 kg per livestock place per
year. When liquid manure is stored in open storage fa-
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cilities, the loss of nitrogen in the form of ammonia
reaches 15 % of the ammonia nitrogen content. One
poultry farm with a capacity of 400 thousand chickens
per year produces such an amount of poultry manure
that in the process of its decomposition, almost 700 tons
of biological gas are released into the atmosphere,
of which 450 tons is methane (65 percent), 208 tons
is carbon dioxide (30 percent), 35 tons of hydrogen sul-
fide, skatole, ammonia, indole, hydrogen and other
compounds (5 percent). Livestock production accounts
for 9 % of global carbon dioxide emissions, 65 % of ni-
trous oxide, 37 % of anthropogenic methane, and 64 %
of ammonia. The emission of all these stated above
is significantly influenced by the systems for manure
removal from premises, storage and production of or-
ganic fertilizers on its basis [3—8].

The release of these substances occurs due
to the decomposition of the waste contained — urea,
hippuric acid, uric acid and other organic substanc-
es. At the same time, these substances can be used for
binding calcium of substandard phosphorites and con-
verting tricalcium phosphate into dicalcium phosphate,
which is easily digested by plants, i.e. for obtaining or-
ganomineral fertilizers.

The most rational way to use substandard phospho-
rites and animal waste, as well as to reduce the emis-
sion of harmful gases into the atmosphere, is to com-
post them in the form of a manure-phosphorite mix-
ture. Composting waste can significantly reduce the en-
vironmental problems associated with the accumula-
tion of waste by turning it into a safe valuable product,
which is later used as an organic or organomineral fer-
tilizer in agriculture [8].

The composting process has a natural origin
and consists in the decomposition of the organic sub-
stance of the compost mixture by special groups of aer-
obic microorganisms. Therefore, to effectively perform
the composting process, it is necessary to create opti-
mal conditions for the life and active growth of these
microorganisms. The following factors influence
the composting process: the ratio of carbon and nitro-
gen (C: N) in the compost mixture, its moisture content,
pH value, particle size distribution, uniformity of mix-
ing, ensuring self-isolation in the volume of the com-
post mixture and its temperature. However, traditional
composting methods result in a loss of about 55 % or-
ganic matter and 30—50 % nitrogen [9-11].

To obtain a better and more efficient organomin-
eral fertilizer and to create a favorable environment
for the composting process, various additives are used
(phosphate rock, simple superphosphate, ammonium
sulfate, ammonium nitrate, potassium chloride), in-
dustrial waste (phosphogypsum) and agricultural ores
(bentonite, glauconite, lime and etc.). Compost [12—-14]
based on animal waste containing inorganic fertilizers
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or the combined use of organic and inorganic fertiliz-
ers to improve soil fertility and productivity and to re-
duce negative environmental impacts during intensive
farming have been widely recognized in world agricul-
tural practice.

Based on the above, a number of studies have
been conducted to obtain organomineral fertilizers
by composting cattle manure with the addition of sub-
standard phosphorites of Central Kyzyl Kum. As a re-
sult of research, it has been shown that the prepara-
tion of composts based on cattle manure with the ad-
dition of phosphate raw materials leads, on the one
hand, to an increase in the assimilable form of P,O,
due to the interaction of humic acids, fulvic acids
and water-soluble organic substances with phosphates,
on the other hand, to a decrease in the loss of nitrogen
and organic substances. At the same time, the assimi-
lable form of PO, of phosphate raw materials increas-
es 6,5-7,0 times, losses of nitrogen and organic matter
decrease almost 2,5-3 times, and the degree of humifi-
cation of organic substances increases 2 times [15—-18].
It was also [19] studied the production of organomin-
eral fertilizers by acidifying poultry manure with ni-
tric acid followed by the decomposition of low-grade
phosphorites with bird droppings pre-acidified nitric
acid. It was shown that when processing the low-grade
phosphorites with acidified poultry manure the as-
similable form of phosphorus contained in phospho-
rite, is increased. In addition, the acidification of bird
droppings with nitric acid leads to a sharp decrease
in the release of nitrogen-containing and various vola-
tile organic substances into the gas phase, which neg-
atively affect the environment.

On the basis of the research carried out for clus-
ters, farms were offered the rate, stages and conditions
for the preparation of phosphorite-containing com-
posts. Optimal composting mode: ratio Manure (cat-
tle): substandard phosphorite = 100: 10, humidity —
60-75 %, composting time — 3 months. It is recom-
mended to prepare composts in trenches. Compost
trenches are prepared as follows. The place allocated
for composting is preliminarily deepened with the help
of special equipment to 50—70 cm, 2,5 m wide and 30 m
long. Manure is loaded onto the prepared trenches us-
ing special equipment, then it is leveled with a thick-
ness of about 20 cm. Phosphate raw materials are scat-
tered on its surface, based on the calculation of 100 kg
per 1 ton of cattle manure. In this sequence, the height
of the mixture is brought to 1,5 m. The moisture con-
tent of the compost is brought to 65-75 %. The top
of the compost is covered with a layer of soil 15 cm
thick. In areas where there is groundwater, composts
are recommended to be prepared in stacks 1,5-2,0 m
high, 2-2,5 m wide. The activity of the bio-thermal
composting process is largely dependent on humidi-

ty, since the microorganisms involved in this process
mainly feed in the form of aqueous solutions. Insuf-
ficient humidity deprives them of water necessary for
metabolism, and leads to a slowdown in the process. Ex-
cess moisture fills the voids between the compost parti-
cles displacing the air, as a result of which an anaerobic
condition is created due to the lack of oxygen, the com-
posting process is sharply inhibited. Therefore, every
month the soil is separated from the top of the compost,
then the compost is shoveled using a bucket of spe-
cial equipment, while simultaneously spraying water
to achieve a compost humidity of about 65-70 % so
that the mixture is moist and loose, but not smearing.
The prepared composts are kept for 3—4 months. The
finished compost is thoroughly mixed and a sample
is taken for analysis. After positive results of the analy-
sis, the prepared compost is used on the land where cot-
ton and grain crops will be grown before plowing, de-
pending on the phosphorus content of 10—12 tons per
hectare. Table 1 show the compositions of the finished
organomineral fertilizers.

From the data in table 1 it can be seen that using
low-grade phosphorites and animal waste, it is possi-
ble to obtain a high-quality phosphorus-containing or-
ganomineral fertilizer.

It is known that the main criterion for the effective-
ness of phosphorus fertilizers is the content of the to-
tal and relative content of the assimilable form of phos-
phorus, and in the case of the effectiveness of phospho-
rus-containing organomineral fertilizers, it is assessed
by the content of organic substances, the degree of its
humification, by the content of phosphorus and its as-
similability by plants. In addition, at present, not ev-
ery farm or large clusters with more than 100 hect-
ares of land have the opportunity to apply 10—12 tons
per 1 hectare of organic fertilizer [20]. It should also
be noted that over the past few years, the methods for
assessing the effectiveness of agricultural production
technologies have fundamentally changed. If earlier
economic indicators were the priority, now environ-
mental indicators have taken the first place. These in-
dicators do not contradict each other, for a long time
and have been successfully used in countries with de-
veloped agricultural production. Each technology in-
cluded in the list of recommended technologies for im-
plementation must first meet the requirements for min-
imizing losses and harmful emissions to the environ-
ment, and then be evaluated for the economic efficien-
cy of its use in specific conditions [8].

As already noted, various additives are added
to obtain a more effective fertilizer and to reduce the re-
lease of harmful gases into the environment when com-
posting cattle manure. The results of studies [16—18]
showed that phosphorites are one of the best additives,
but due to the difficulty of dissolving phosphates in or-
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ganic acids of manure with an increase in the amount
of phosphate raw materials in the compost mass, the di-
gestible form of phosphorus decreases sharply, and at
low amounts of phosphorite in compost, the release
of harmful gases into the atmosphere remains high.
To obtain organomineral fertilizers based on cattle ma-
nure and phosphate raw materials with a higher content
of phosphorus and other nutrients and to reduce the re-
lease of various gases into the environment, it is nec-
essary to partially activate the phosphate raw materials
with nitric acid. A feature of the process of nitric acid
decomposition of phosphate raw materials is that ni-
tric acid, decomposing natural phosphorites, then en-
ters the composition of fertilizers as a useful nitrogen-
containing component.

The decomposition of phosphate raw materi-
als with nitric acid can be expressed by the following
equation [21].

Ca,(PO,),F + 10HNO, = 3H,PO, + 5Ca(NO,), + HF

At low rates of nitric acid, calcium carbonates de-
compose primarily:

CaCO, + 2HNO, — Ca(NO,), + H,0 + CO,

At the same time, but to a lesser extent, the phos-
phate mineral is also decomposed:

CasF (PO4)3 * HNO3 - Ca(H2P04)2 + Ca(NO3)2 +HF
Ca,F(PO,), + HNO, — CaHPO, + Ca(NO,), + HF

It can be seen from the above reactions that acti-
vated phosphorite with nitric acid contains in its com-
position water-soluble calcium nitrate, monocalcium
phosphate and assimilable dicalcium phosphate; in ad-
dition, the pH of the medium also decreases. When
composting cattle manure with the addition of activat-
ed phosphorite with nitric acid in composts, a more op-
timal condition is created for the formation of high-
quality organic-mineral fertilizers with minimal re-
lease of harmful gases into the environment.

Based on the above, in order to obtain a more con-
centrated fertilizer in terms of the content of the assim-
ilable form of phosphorus and to minimize the emis-
sion of harmful gases, the processes of obtaining or-
ganomineral fertilizers by composting cattle manure
with the addition of activated phosphate raw materials
with nitric acid have been studied.

Experimental part

For the study, the processes of obtaining or-
ganic fertilizers, cattle manure was used having
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a composition (Wt.%): Moisture — 72,36; ash — 4,43;
organic matter — 23,21; humic acids —2,51; fulvic ac-
ids — 2,63; water-soluble organic substances — 2,34;
P,O, 0,22; N - 0,46; K O - 0,58; CaO — 0,43, mineral-
ized mass (MM) having the composition (wt.%): P,O.,
total was used as phosphate feedstock — 15,12; CaO —
46,02; MgO - 1,19; Fe O, - 0,88, ALO, 1,10; SO, —
2,72; CO,— 1,28; insoluble residue — 13,31 and 59 %
nitric acid. At the first stage of the work, the mineral-
ized mass was activated with nitric acid, the rate of ni-
tric acid was varied in the range of 20—60 % of stoi-
chiometry for the decomposition of CaCO, of the min-
eralized mass. At a rate of acid of 40 % of stoichiome-
try, 60,55 g of 59 % HNO, is required to process 100 g
of mineralized mass. Processing of phosphate rock
with nitric acid was carried out in solid-phase mode
in a laboratory setup consisting of a tubular glass re-
actor equipped with a stirrer. After applying nitric
acid (10-15 minutes), the reaction mass was thor-
oughly mixed for 30 minutes. Due to the exothermi-
city of the reaction, the temperature of the reaction
mixture rose to 70 °C. Depending on the norm of ni-
tric acid, activated phosphorite was loose (at the norm
of nitric acid — 20, 30, 40 %), loose, but having wet
lumps (at the norm of nitric acid — 50, 60 %). Acti-
vated phosphorite with nitric acid was dried at room
temperature and analyzed for the content of the main
components according to standard methods. The de-
termination of all forms of P,O, was carried out in ac-
cordance with GOST 20851.2-75. The CaO content
was determined complexometrically: by titration with
0,05 N Trilon B solution of Trilon B in the presence
of the fluorexon indicator. The results of the analysis
are shown in Table 4, from which it can be seen that
with an increase in the norm of nitric acid in the prod-
ucts, the content of the general form P,O, decreases,
and PO, . according to Trilon B and in a 2 % cit-
ric acid solution, as well as the nitrogen content in-
creases. If at the rate of HNO, 20 % the relative con-
tent of P O, . for Trilon B and in a 2 % citric acid so-
lution, it increases from the initial 15,39 and 7,56 %
to 24,32 and 16,585 %, respectively, then these figures
in the case of using 60 % of the HNO, norm reach
37,16 and 30, 12 %. These products of decomposition
of phosphate raw materials with nitric acid, obtained
at different rates, were used as a phosphorus-contain-
ing component in the production of organomineral fer-
tilizers based on cattle manure.

Compost based on cattle manure and activat-
ed phosphate raw materials with nitric acid are pre-
pared in the following weight ratios for manure: acti-
vated phosphorite (AP) =95:5; 90:10; 85:15; 80:20;
75:25; 70:30. The resulting mixtures were placed
in containers with a volume of 2,0 liters by adding wa-
ter based on the calculation to achieve a moisture con-
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Table 1

The composition of organic fertilizers obtained by composting cattle manure
and phosphorites of the Central Kyzyl Kum

Types of raw materials and their ratio

Components

Cattle manure: MM =100:10

Cattle manure: SHF =100:10

P,O;total, %

P,O,assimilated according to Trilon B, %
Organic matter (total),%

Humic acids, %

Fulvic acids,%

Water-soluble organic matter,%
Nitrogen,%

K0, %

CaO total,%

Moisture,%

1,33 1,18
0,74 0,85
14,45 17,25
3,17 3,11
3,29 3,27
3,05 2,99
0,32 0,35
0,48 0,52
3,89 3,91
72,5 67,91

tent of up to 60—70 %. A thin layer of soil was poured
on top of the mixture. Samples were taken every
15 days and the composts were chemically analyzed.
Determination of all forms of P,O, was performed
by weight method by precipitation of the phosphate
ion with a magnesia mixture in the form of magne-
sium ammonium phosphate, followed by calcination
of the precipitate at 10001050 °C according to GOST
20851.2-75.

Humidity was determined according to GOST
26712-85, ash content according to GOST 26714-
85 and organic matter according to GOST 27980-80.
The total nitrogen content in compost was determined
by mineralization of the analyzed fertilizer when heat-
ed with concentrated sulfuric acid in the presence of hy-
drogen peroxide, a mixed catalyst in sulfuric acid, fol-
lowed by distillation of ammonia into a boric acid so-
lution and titration with sulfuric acid GOST 26715-85.
The amount of water-soluble fraction of organic sub-
stances extracted from the products by water was de-
termined by filtration and evaporation in a water bath,
drying the solid residue to a constant weight, and then
burning it to determine the ash content and subtract-
ing it. Humic acids were isolated by treating the prod-
ucts with 0,1 N alkali solution followed by acidification
of the solution with mineral acid [22]. The solid phase
after separation of alkali-soluble organic substances
from it contains residual organic matter. It was thor-
oughly washed with distilled water, dried to constant
weight, and the content of organic matter was deter-
mined. The difference between the amounts of alka-
li-soluble organic substances and humic acids gives us
the fulvic acid content.

Results and discussions

Tables 2-3 show changes in the total and rela-
tive contents of assimilable forms of P,O, by Trilon
B and 2 % citric acid, depending on the norm nitric
acid, the duration of composting and the weight ra-
tios of the starting components. They show that an in-
crease in the mass fraction of AF in relation to manure
in composts contributes to an increase in the content
of the total form of P,O, and a decrease in the relative
assimilable form of P,O,. With an increase in the norm
of nitric acid and the duration of composting, the rel-
ative content of the assimilable form of P,O, increas-
es. In the initial MM, the relative content of P,O, for
trilon B and 2 % citric acid is 15,39 and 7,56 %, af-
ter activation with nitric acid at a rate of 40 % these
indicators increase to 32,19 and 25,27 %, and after
composting in the same norm of nitric acid and with
the ratio of manure: AF = 75:25 and compost expo-
sure for 30 days, these indicators increase to 44,44
and 36,50 %, after 60 days — 60,27 and 51,46 % ,
and after 90 days to 68,01 and 59,12 %, respectively.
At a nitric acid rate of 20 %, the ratio of manure: AF
=95:5 and compost exposure for 90 days, the relative
content of P, Ojass. for Trilon B and 2 % citric acid,
they increase from the initial 15,39 and 7,56 % to 71,38
and 62,35 %, and at a nitric acid rate of 60 %, these in-
dicators increase to 77,38 and 68,92 %. That is, with
an increase in the rate of nitric acid and the duration
of composting, the degree of transition of phospho-
rus from the indigestible form to the form assimilable
for plants increases markedly. Tables 4—5 show the re-
sults of changes in the content of humic acids, fulvic
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The composition of the activated mineralized mass with nitric acid

Table 2
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0 15,12 46,02 7,56 15,39 - 15,28 -
20 13,29 40,44 16,58 24,32 1,70 11,51 14,29
30 12,53 38,12 21,33 28,41 2,41 9,95 21,43
40 11,85 36,06 25,27 32,19 3,03 8,55 28,57
50 11,24 34,21 28,46 35,41 3,59 7,30 35,71
60 10,69 32,54 30,12 37,16 4,09 6,17 42,86
Table 3

The content of phosphorus (P,O, total, P O, assimilable by citric acid/ P,O

to Trilon B/ P.O

2 7 Stotal

Stotal®

P,O_assimilated according
) in composts prepared on the basis of cattle manure with the addition of an activated
mineralized mass with nitric acid, depending on the exposure time and mass ratios, %

Duration of composting, days

Mass ratio 1 30 60 920 30 60 920 30 60 920
Cattle
manure: AP PO % P,0O, assimilable by citric | P,O assimilated according
27 stotal.? acid/ PO, . 100 % to Trilon B/ PO, -100 %
Without activation with nitric acid (Mineralized mass)
95:5 0,919 0,930 0,947 0,959 27,17 45,65 56,52 34,88 54,84 65,52
90:10 1,555 1,569 1,592 1,607 25,81 43,87 53,55 34,02 53,07 63,03
85:15 2,135 2,151 2,175 2,190 25,82 42,72 51,17 33,75 51,53 60,83
80:20 2,667 2,683 2,707 2,721 24,34 40,45 48,69 32,47 49,57 58,12
75:25 3,156 3,169 3,187 3,197 23,73 39,24 46,52 31,85 48,16 56,15
70:30 3,608 3,618 3,632 3,640 22,99 36,84 43,77 30,95 45,95 53,14
Norm HNO,, 20 %
95:5 0,848 0,857 0,873 0,884 31,76 51,76 62,35 39,25 60,18 71,38
90:10 1,427 1,440 1,460 1,474 30,77 50,35 60,14 38,87 58,79 69,21
85:15 1,964 1,979 2,000 2,014 30,61 48,98 58,16 38,60 57,50 67,38
80:20 2,464 2,479 2,500 2,513 29,67 46,75 55,28 37,61 55,46 64,38
75:25 2,931 2,943 2,959 2,968 29,35 45,39 53,24 37,21 54,10 62,36
70:30 3,367 3,376 3,388 3,395 29,08 44,51 51,63 37,03 53,05 60,72
Norm HNO,, 30 %

95:5 0,815 0,824 0,838 0,848 35,37 54,88 64,63 42,88 63,06 73,85
90:10 1,369 1,381 1,400 1,412 35,04 54,01 63,50 42,86 62,34 72,52
85:15 1,879 1,893 1,913 1,925 34,57 52,13 61,17 42,56 60,76 70,28
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Continuation of Table 3.

80:20 2,373 2,387 2,406 2,418 33,76 49,79 57,81 41,66 58,45 66,85
75:25 2,830 2,840 2,855 2,863 33,57 49,12 56,89 41,50 57,86 65,86
70:30 3,261 3,269 3,280 3,286 33,13 47,85 54,91 41,05 56,52 63,94
Norm HNO,, 40 %
95:5 0,786 0,794 0,808 0,817 37,97 56,96 67,09 45,45 65,11 75,62
90:10 1,317 1,328 1,346 1,357 37,12 56,06 65,15 45,25 64,33 74,31
85:15 1,819 1,832 1,850 1,862 37,91 54,40 63,19 45,72 63,22 72,37
80:20 2,294 2,307 2,325 2,336 37,12 53,28 61,14 4485 61,70 70,12
75:25 2,743 2,753 2,766 2,773 36,50 51,46 59,12 44,44 60,27 68,01
70:30 3,197 3,204 3,214 3,220 36,25 50,31 57,19 44,10 58,99 66,13
Norm HNO,, 50 %
95:5 0,763 0,771 0,783 0,792 39,47 57,89 67,11 47,35 66,83 77,25
90:10 1,283 1,293 1,310 1,321 39,06 57,03 67,19 47,04 66,43 76,56
85:15 1,767 1,778 1,795 1,806 38,98 55,93 64,97 47,10 64,92 74,24
80:20 2,244 2,256 2,272 2,283 38,84 54,91 62,95 46,72 63,79 72,33
75:25 2,705 2,714 2,726 2,732 38,15 52,59 60,00 46,13 61,74 69,38
70:30 3,120 3,126 3,134 3,139 37,82 51,60 58,01 45,89 60,58 67,62
Norm HNO,, 60 %
95:5 0,744 0,751 0,763 0,772 40,54 59,46 68,92 48,95 67,47 77,38
90:10 1,242 1,252 1,268 1,278 41,13 58,87 67,74 48,79 67,14 76,74
85:15 1,722 1,733 1,748 1,758 40,70 57,56 66,28 48,72 66,29 75,47
80:20 2,183 2,194 2,210 2,219 40,37 55,96 63,76 48,32 64,56 72,68
75:25 2,627 2,635 2,646 2,652 39,16 53,61 60,46 47,09 62,12 69,48
70:30 3,055 3,060 3,067 3,071 38,89 51,96 58,17 46,58 60,51 67,19

acids and water-soluble organic substances depending
on the norm of nitric acid, exposure time and weight
ratios of the initial components. From the data pre-
sented it can be seen that with an increase in the dura-
tion of composting, the content of the above substanc-
es in manure-phosphorite composts noticeably increas-
es. At a norm of nitric acid of 40 % and a ratio of ma-
nure: AF =75:25 after 30 days in the compost the con-
tent of humic acids, fulvic acids and water-soluble or-
ganic substances is 2,18 %, 2,36 %, 2,09 %, then after
60 days — 2,51 %, 2,91 %, 2,62 %, and after 90 days —
3,14 %, 3,20 %, 2,89 %, respectively. Also, composting
cattle manure with the addition of AF has a positive ef-
fect on the degree of humification of organic matter. If
at a rate of nitric acid of 30 % and a ratio of cattle ma-
nure: AF = 95:5 after 90 days the degree of humifi-
cation is 56,44 %, then at the same rate of nitric acid
and a ratio of cattle manure: AF = 85: 15 after 90 days
58,94 %, and at a ratio of 70:30 after 90 days 64,06 %
(Table 4.). These data show that the preparation of com-
posts based on cattle manure with the addition of AF
has a positive effect on all composting indicators.
Figures 1 and 2 show the dependence of the loss
of nitrogen and organic matter on the norm of ni-

tric acid, the weight ratio of the initial components
and the duration of the compost exposure. It can be
seen from it that with an increase in the norm of ni-
tric acid and the mass fraction of AF in the mixture,
the loss of organic matter and nitrogen decreases no-
ticeably. For example, at the rate of nitric acid of 20 %
and the ratio of manure: AF = 95:5 after exposure
for 90 days, the loss of organic matter and nitrogen
1s 14,57 and 18,79 %, and at the rate of nitric acid
of 60 % and the ratio of manure: AF = 70:30 after 90
days, the loss of organic matter and nitrogen is only
2,78 and 3,62 % (Figures 1 and 2). Based on consid-
erations of the degree of transition to the digestible
form of P,O, of phosphate raw materials and the de-
gree of humification of organic substances, the opti-
mal compost preparation mode was determined: The
norm of nitric acid for the activation of the initial
phosphate raw material is 40 % of the stoichiometry
for the CaCO3 content, the ratio of Manure (cattle):
AF = 75:25, the moisture content of the composts
during preparation is 60—65 %, the composting time
is 3 months. In this case, the organomineral fertilizer
has a composition (wt.%): P O,total. — 2,78; P O,ass.
for Trilon B — 2,78; P,O.ass. in citric acid — 2,78; or-
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Table 4
The degree of humification of organic substances and content humic acids in composts prepared
on the basis of cattle manure with the addition of an activated mineralized mass with nitric acid,
depending on the holding time and mass ratios, %
Mass ratio Duration of composting, days
Cattle 15 30 60 920 1 30 60 90
manure: AP Degree of humification of organic substances Humic acid
Without activation with nitric acid (Mineralized mass)
95:5 35,51 39,49 49,77 55,62 2,27 2,80 3,55 3,97
90:10 35,87 40,05 51,13 56,80 2,05 2,57 3,30 3,67
85:15 36,12 40,79 52,47 58,18 1,86 2,37 3,06 3,40
80:20 36,60 41,83 53,94 59,72 1,67 2,18 2,83 3,14
75:25 36,90 42,74 55,58 61,41 1,51 2,02 2,63 2,91
70:30 37,53 44,07 57,76 63,36 1,35 1,86 2,45 2,69
Norm HNOz, 20 %
95:5 35,59 39,61 50,03 55,94 2,32 2,87 3,64 4,08
90:10 36,01 40,30 51,66 57,46 2,11 2,66 3,42 3,81
85:15 36,12 40,83 52,61 58,37 1,92 2,45 3,17 3,53
80:20 36,71 42,00 54,24 60,08 1,75 2,29 2,98 3,30
75:25 36,89 4276 55,66 61,53 1,58 2,11 2,76 3,06
70:30 37,58 44,16 57,96 63,60 1,43 1,97 2,60 2,86
Norm HNO,, 30 %
95:5 35,65 39,76 50,40 56,44 2,33 2,89 3,68 4,13
90:10 36,03 40,35 51,80 57,65 2,13 2,68 3,47 3,86
85:15 36,23 41,04 53,06 58,94 1,94 2,49 3,23 3,60
80:20 36,80 42,19 54,67 60,62 1,78 2,34 3,05 3,39
75:25 37,06 43,06 56,25 62,25 1,62 2,18 2,86 3,17
70:30 37,62 4431 58,32 64,06 1,46 2,02 2,67 2,94
Norm HNO,, 40 %
95:5 35,38 39,19 49,05 54,65 2,34 2,86 3,60 4,02
90:10 35,78 39,81 50,47 55,92 2,15 2,67 341 3,78
85:15 35,99 40,49 51,73 57,23 1,98 2,50 3,22 3,56
80:20 36,54 41,60 53,32 58,92 1,81 2,35 3,03 3,35
75:25 36,73 42,37 54,78 60,42 1,65 2,18 2,84 3,14
70:30 37,31 43,63 56,88 62,30 1,51 2,06 2,70 2,96
Norm HNO,, 50 %
95:5 35,11 38,65 47,79 52,98 2,36 2,85 3,55 3,94
90:10 35,51 39,26 49,19 54,26 2,19 2,69 3,39 3,74
85:15 35,75 39,96 50,48 55,62 2,01 2,51 3,19 3,52
80:20 36,23 40,97 51,97 57,21 1,86 2,38 3,04 3,35
75:25 36,47 41,79 53,49 58,81 1,71 2,23 2,87 3,16
70:30 36,99 42,91 55,31 60,38 1,55 2,08 2,69 2,95
Norm HNO3, 60 %
95:5 34,93 38,24 46,82 51,69 2,38 2,84 3,50 3,88
90:10 35,29 38,82 48,17 52,94 2,21 2,68 3,35 3,69
85:15 35,52 39,49 49,43 54,28 2,05 2,53 3,19 3,51
80:20 35,93 40,36 50,64 55,54 1,89 2,39 3,01 3,31
75:25 36,26 41,26 52,27 57,27 1,74 2,24 2,85 3,13
70:30 36,64 42,09 53,51 58,18 1,60 2,10 2,69 2,93
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Table 5
The content of fulvic acid and water-soluble organic substances in composts prepared
on the basis of cattle manure with the addition of an activated mineralized mass with nitric acid,
depending on the exposure time and mass ratios, %
Mass ratio Duration of composting, days
Cattle manure: 1 30 60 90 1 30 60 90
AP Fulvic acid Water-soluble organic substances
Without activation with nitric acid (Mineralized mass)
95:5 2,38 2,90 3,63 4,05 2,12 2,60 3,27 3,66
90:10 2,15 2,66 3,38 3,75 1,91 2,38 3,04 3,37
85:15 1,94 2,44 3,12 3,46 1,73 2,19 2,82 3,12
80:20 1,75 2,26 2,90 3,21 1,56 2,03 2,61 2,89
75:25 1,58 2,08 2,69 2,97 1,40 1,86 2,41 2,67
70:30 1,42 1,93 2,52 2,76 1,26 1,72 2,26 2,48
Norm HNO3, 20 %
95:5 2,43 2,96 3,72 4,16 2,16 2,65 3,35 3,74
90:10 2,21 2,75 3,50 3,89 1,97 2,46 3,16 3,51
85:15 2,01 2,53 3,25 3,60 1,79 2,27 2,93 3,25
80:20 1,83 2,37 3,04 3,37 1,63 2,12 2,74 3,04
75:25 1,66 2,19 2,84 3,13 1,47 1,95 2,54 2,81
70:30 1,50 2,04 2,67 2,92 1,33 1,82 2,39 2,62
Norm HNO,, 30 %
95:5 2,44 2,99 3,77 4,21 2,17 2,67 3,39 3,80
90:10 2,23 2,78 3,55 3,94 1,99 2,49 3,20 3,56
85:15 2,03 2,57 3,31 3,67 1,81 2,31 2,98 3,31
80:20 1,86 2,42 3,12 3,45 1,66 2,17 2,81 3,12
75:25 1,69 2,24 2,91 3,22 1,51 2,02 2,63 2,91
70:30 1,53 2,09 2,74 3,01 1,37 1,88 2,48 2,72
Norm HNO,, 40 %
95:5 2,45 2,96 3,68 4,10 2,18 2,65 3,32 3,70
90:10 2,25 2,76 3,48 3,85 2,01 2,48 3,15 3,49
85:15 2,07 2,58 3,28 3,63 1,84 2,31 2,95 3,27
80:20 1,90 2,43 3,10 3,42 1,69 2,18 2,79 3,08
75:25 1,73 2,26 2,91 3,20 1,54 2,03 2,62 2,89
70:30 1,59 2,14 2,78 3,04 1,41 1,91 2,49 2,73
Norm HNO,, 50 %
95:5 2,47 2,95 3,62 4,01 2,20 2,64 3,26 3,62
90:10 2,30 2,79 3,47 3,82 2,04 2,49 3,12 3,44
85:15 2,11 2,60 3,27 3,59 1,88 2,33 2,94 3,24
80:20 1,95 2,46 3,11 3,42 1,73 2,20 2,79 3,07
75:25 1,79 2,31 2,94 3,23 1,60 2,08 2,66 2,92
70:30 1,63 2,16 2,77 3,02 1,45 1,93 2,49 2,72
Norm HNO,, 60 %
95:5 2,50 2,95 3,59 3,96 2,22 2,64 3,23 3,56
90:10 2,32 2,78 3,43 3,76 2,06 2,49 3,08 3,39
85:15 2,15 2,62 3,26 3,57 1,91 2,34 2,93 3,22
80:20 1,98 2,47 3,08 3,37 1,77 2,22 2,78 3,05
75:25 1,83 2,33 2,93 3,21 1,63 2,08 2,64 2,89
70:30 1,67 2,17 2,74 2,98 1,49 1,95 2,47 2,69
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Fig. 1. Nitrogen losses in composts after 90 days
of exposure, prepared on the basis of cattle manure
with the addition of an activated mineralized mass,

depending on the norm of nitric acid and mass ratios, %

ganic matter — 16,94; humic acids — 3,67; fulvic ac-
ids — 3,94; water-soluble organic matter — 3,34; nitro-
gen — 0,92; moisture — 63,61. The degree of humifica-
tion of organic substances is 60,42 %, the loss of ni-
trogen is 8,19, and the loss of organic matter is 5,50.

Fig. 2. Organic matter losses in composts after 90 days
of exposure, prepared on the basis of cattle manure with
the addition of activated mineralized mass, depending
on the rate of nitric acid and mass ratios, %

Table 6 shows the compositions for comparing the in-
dicators of organic mineral fertilizers obtained under
optimal conditions by composting cattle manure, cat-
tle manure with the addition of MM, SHF and AF.
The table shows that when using activated phospho-

Table 6

The composition of organomineral fertilizers obtained by composting cattle manure, cattle manure
with the addition of phosphorites of the Central Kyzyl Kum

Types of source components

Components Cattle manure: Cattle manure: Cattle manure:
Cattle manure MM SHF AF
P,O, total, % 0,25 1,33 1,18 2,77
P,O,assimilated according to Trilon B, %. - 0,74 0,85 1,64
P,O,assimilable by citric acid, %. - 0,69 0,73 1,89
Organic matter (total),% 17,53 14,45 17,25 14,43
Humic acids,% 3,19 3,17 3,11 3,14
Fulvic acids,% 3,42 3,29 3,27 3,2
Water-soluble organic matter,% 2,94 3,05 2,99 2,89
Nitrogen,% 0,32 0,32 0,35 0,92
K,0, % 0,62 0,48 0,52 0,39
CaO total,% 0,52 3,89 3,91 8,32
Moisture,% 72,46 72,5 67,91 63,61
Loss of organic substances,% 23,54 18,65 16,42 8,19
Loss of nitrogen,% 28,67 14,68 12,87 5,5
Degree of humification of organic 41,64 57,32 53,06 60,42

substances,%
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rite with nitric acid in the product, the content of total
PO, is 2,08 times higher, the degree of humification
of organic substances is 1,05 times, the loss of nitro-
gen and organic substances is less than 2,66 and 2,28
times than when using unactivated phosphorite.

Conclusion

Thus, the research results allow us to conclude
that under optimal conditions, AF has the best proper-
ties for reducing the release of harmful gases to the en-
vironment, for increasing the humification of organ-
ic substances and for obtaining organomineral fertil-
izers with a higher phosphorus content based on ani-
mal waste, which is a prerequisite for the development
of a waste-free and environmentally safe technology
for obtaining phosphorus-containing organominer-
al fertilizers, and the involvement of low-grade phos-
phate raw materials in the production of organomineral
fertilizers will significantly expand the phosphate raw
material base.
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