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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ON THE METHOD OF MANUFACTURE OF ORGANOMINERAL
FERTILIZER BASED ON DOUBLE SUPERPHOSPHATE

Abstract. The paper considers features and advantages of using organomineral fertilizers. Large amount of
weakly alkaline lignin-containing solutions being a hard-recyclable waste of cellulose production is formed as a
result of the steam-explosive catalysis of herbal agricultural raw materials. The paper considers the possibility of
using it as an organic component of organomineral fertilizer. Optimal parameters of the process of double super-
phosphate production were determined based on laboratory investigation results. The obtained product does not meet
requirements of the State standard for double superphosphate, but it is similar to double superphosphate composition.
We offer to conduct the process of product granulation in the presence of lignin-containing solution which is a waste
of cellulose production to improve the quality, increase the assortment and the agrochemical composition of the fer-
tilizer. Based on the research results we suggest a technological scheme of organomineral fertilizer production on a
basis of double superphosphate with the use of lignin-containing solution. The obtained organomineral fertilizer has
good physical qualities: it does not clump, does not cake up and does not lose its friability.

Keywords: organomineral fertilizers, delignification, lignin-containing solution, double superphosphate, wet-
process phosphoric acid (WPA).

Introduction. It is known that organomineral fertilizers combine the advantages of individual or-
ganic and mineral fertilizers, strengthen and prolong the action of each of the components and simul-
taneously remove disadvantages of both fertilizers. The mineral part of organomineral fertilizers dissolve
well in the soil solution and ensure fast assimilation by plants. Organic components have a prolonged
effect and guarantee the supply of plants with nutrients for a long time. The separate application of organic
and mineral fertilizers does not give such an effect. Organic and mineral parts of organomineral fertilizers
interact between each other and nutrients (nitrogen, phosphorus and potassium) pass into more accessible
compounds for plants. When using organomineral fertilizers, nitrogen mobility reaches 95-98%, phos-
phorus - 90-95%, potassium - 95%, and they are completely used by plants, while these elements are used
in mineral fertilizers only by 30-35%. Therefore, the average doses of granular organomineral fertilizers
are about 10 times lower compared to organic fertilizers and 2-3 times lower compared to mineral ferti-
lizers. The ecological component is also very important in the production of organomineral fertilizers, i.e.
the amount of both mineral and organic waste on the Earth will decrease. The effectiveness of the use of
organomineral fertilizers has been confirmed by numerous tests, while it has been established that the
content of organic matter in the soil increased on average by 16-25%. Agrochemical analysis of soil
showed a significant increase of the level of macro- and microelements in the soil. The amount of nitrogen
in the soil, compared with control sites, increased by an average of 2.2-2.8 times, the content of phos-
phorus increased by 1.3-2.0 times, potassium by 1.3-2.5 times, calcium by 1,3-1,9 times, magnesium by
1,3-1,6 times [1].

Organomineral fertilizers are characterized by high agrochemical efficiency. There are physiolo-
gically active substances in the organomineral fertilizers, which influence the growth of plants, create a
loose soil structure, increase the total surface of the finished product volume. Organomineral fertilizers
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promote to adsorption and retention of moisture (up to 50%), as well as nutrients such as nitrogen,
phosphorus, potassium, calcium, minor-nutrient elements. They have good physical qualities: they do not
clump, do not cake up and do not lose their friability even when the moisture content in them is up to 50%
(absolute). The use of organomineral fertilizers prevents and eliminates the possibility of elution of nut-
rient elements and allows to reduce significantly (by 25-50%) the norm of introducing nutrients into the
soil. In addition, the use of organomineral fertilizers will allow to reduce soil salinity, provide optimal
water and air regime, increase humus content in the soil, reduce the harmful effects of high doses of NPK
fertilizers, pesticides, toxic chemicals and radionuclides, to increase soil fertility, crop yield, their quality
value and ensure environmental safety [2].

Scientists of M. Auezov South Kazakhstan State University have developed a technology of cellulose
production based on the process of steam-explosive autocatalysis of herbal agricultural raw materials, such
as wheat straw and rice hulls. The developed cellulose technology is associated with the formation of large
amount of weakly alkaline lignin-containing solutions. They have studied the process of explosive
autocatalysis of wheat straw and rice hulls in the presence of weak alkaline solutions of cellulose produc-
tion; paper or corrugated cardboard are produced from the cellulose hereafter. It has been established that
the use of steam explosion of straw or rice hulls with subsequent extraction by alkaline solutions allows
obtaining cellulose with better strength characteristics than that at acid delignification. Lignin is removed
from these solutions; this process is called as delignification. At that, weakly alkaline lignin-containing
solutions are formed, which are hard-recyclable wastes of paper production [3,4]. Further processing or
recycling of these wastes is an actual production problem and an essential element of the creation of non-
waste technology.

In this context, the development of the technology of organomineral fertilizer with the possibility of
utilization of delignification extract is topical issue. Its use as an organic component of organomineral
fertilizer based on double superphosphate can be one of such methods. To prepare an organomineral
fertilizer on the basis of double superphosphate, we suggest adding the delignification extract at the granu-
lation stage.

The proposed technology of organomineral fertilizer based on double superphosphate consists
of several stages: 1) decomposition of phosphate raw materials with wet-process phosphoric acid (WPA);
2) drying the pulp; 3) granulation of the product in the presence of the lignin-containing solution;
4) drying and sifting the finished product. To determine optimal parameters of the process of obtaining
organomineral fertilizer on the basis of double superphosphate, the influence of WPA norm, concentration
and temperature on phosphorite decomposition degree and the additive of lignin-containing solution
influence on the process conditions and the quality of the product were studied.

Materials and methods. Laboratory experiments of the decomposition of Karatau phosphorites with
wet-process phosphoric acid for obtaining double superphosphate were carried out as follows. The WPA
stoichiometric norm was calculated according to a simplified procedure that does not take into account the
mineralogical composition of raw materials [5]. The required amount of wet-process phosphoric acid was
heated up to a certain temperature and then mixed with phosphorite for 1 hour at stirring. The formed pulp
was dried for 1.5 hours in a dryer at 105-110°C (to approach the temperature regime of ageing the double
superphosphate in production conditions). The obtained chamber double superphosphate was analyzed for
moisture content and all forms of P,Os content by standard methods in accordance with GOST 20851.2-75
and GOST 20851.4-75.

Following raw materials were applied for the laboratory research: Karatau phosphorites of compo-
sition (mass %): PyOsra - 25,0; CaO - 37.04; MgO - 2.4; Fe,0; - 1.18; Al,O3 - 0.8; insoluble residue -
21.62; F - 2.38; moisture - 0.32 and wet-process phosphoric acid produced from these raw materials; its
composition (mass %): P,Os o - 21.6; CaO - 0.57; MgO - 1.49; Fe,O; - 0.99; AlL,O; - 0.86; F - 1.74;
SO, - 2.22. Wet-process phosphoric acid used for the experiments was produced at the Plant of mineral
fertilizers of “Kazphosphate” LLP. A complete analysis of Karatau phosphorites and WPA was conducted
in the central laboratory of “Kazphosphate”.

Results and discussion. To study the influence of WPA norm on the phosphorite decomposition
degree the interaction process was carried out at a temperature of 70°C during 1 hour and a drying process
was carried out at a temperature of 105-110°C. The WPA consumption coefficient was varied within 70-
110% of the stoichiometry. The results of laboratory studies are presented in table.
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Influence of WPA consumption rate on the phosphorite decomposition degree at 70 °C

4 Wl;)Aocfosltl(s)lilCrEﬁ;[Iilcl)gtxte, Drying temperature, °C PZOOZ) total> PZOOZ frees Decompos/iotion level,
1 70 105-110 33,3 5,6 80,2
2 80 105-110 34,6 6,2 85,1
3 90 105-110 35,7 6,9 89,3
4 100 105-110 36,9 7,2 90,5
5 110 105-110 38,0 7.9 91,8

As can be seen from table, the phosphorite decomposition degree increases when increasing the
WPA consumption rate, the content of P,Osge.. also increases. In the dried samples, the P,Os, ranges as
33,3-38,0%, and P;Osgee is 5.6-7.9%. At the acid norm above 90% of stoichiometry, the phosphorite
decomposition degree does not increase significantly. At the norm of 110% of stoichiometry the
decomposition degree is 91.8%, however, the content of free P,Os is also high. Therefore, the optimal
WPA norm is 90% of stoichiometry.

Under these conditions, a relatively high phosphorite decomposition degree is attained and a product
with good physical properties is obtained, i.e. the prepared product can be processed further. The next step
of the product treatment is granulation in the presence of the lignin-containing solution.

To study the effect of temperature on the phosphorite decomposition degree, decomposition tempe-
rature was varied within 40-90°C, the WPA consumption rate was 90% of the stoichiometry as an optimal
value determined earlier. It is known that the phosphorite decomposition degree decreases with increasing
temperature, this is explained by the nature of the change in solubility in CaO-P,05-H,O system [5]. When
temperature increasing the supersaturation degree with calcium hydrophosphate increases. As a result,
calcium hydrophosphate film is formed on the surface of the phosphorite grains, which leads to
decomposition process deceleration. At temperature below 70°C, the phosphorite decomposition degree is
somewhat higher, but the temperature of the superphosphate mass is reduced due to the relatively low
ratio of the amount of heat released from the decomposition reaction to the weight of the superphosphate
mass. This will increase the moisture content of the product. Evaporation of moisture takes place and the
content of phosphoric acid in the liquid phase increases in the process of drying. The calcium
hydrophosphate film formed on the surface of the phosphorite grains dissolves, an activity of hydrogen
ions in the liquid phase increases, as a result of which the phosphorite further decomposition takes place.
The results of studies showed that increasing the temperature above 70°C causes more viscous and dense
pulp formation. At a temperature of 70°C, more mobile pulp is obtained, which will easily be transported
to the dryer.

Thus, optimal parameters of the process of obtaining double superphosphate were determined: WPA
consumption rate is 90% of stoichiometry; the decomposition temperature is 70°C. Under these
conditions, the product of the following composition was obtained, (mass %): P>Ostal - 35.7; P2Osavaitable -
31.9 and P;Osge - 6.9. This product does not meet the requirements for the double superphosphate GOST,
but it is similar to double superphosphate composition.

The lignin-containing solution obtained as a result of a steam explosion of rice hulls is an alkaline
water extract containing 26% of lignin with pH = 12-13. After complete evaporation of this extract,
the chemical composition of the obtained precipitate, determined from scanning electron microscopy,
(mass %) is following: C-34.85; O-35.68; Na-0.62; Si-1.15; S-0.16; K-24.52. As can be seen from the
data, the dry residue is mainly represented by carbon, oxygen, and potassium; there are sodium, sulfur and
silicon in relatively small amounts.

Studying the fertilizer granulation process in the presence of lignin-containing solution has shown
that the use of lignin-containing solution leads to the neutralization of free acidity forming potassium
phosphates in the complex of phenylpropyl functional groups and the enrichment of the product addi-
tionally with potassium nutrient. As a result of double superphosphate preparation in laboratory conditions
with the use of delignification solution at the granulation stage we have obtained the organomineral
fertilizer of the composition, mass %: P>Osota1— 33,8; P2Osavaitable — 32,11; POsgee — 0; organic constituent —
5,39.
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The results of investigations of lignin-containing solution additive influence on commodity fraction
product output from the granulation stage are given in figure.
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Dependence of commodity fraction product output on lignin-containing solution consumption

It demonstrates that optimal lignin-containing solution additive, providing maximum of commodity
fraction product output, has very narrow range. Outside the range either pelletizing does not take place or
spontaneous agglomeration takes place. Insignificant additive increase or decrease leads to sharp reduction
of commodity fraction product output. It is explained that the additive decrease is accompanied with
moisture input decrease, i.e. there is the lack of moisture for complete wetting fertilizer grain surface; at
that pelletizing does not take place. And when the additive increasing the amount of moisture input in-
creases which results in excessive growth of charge moisture content and formation of large lumps and
agglomerates.

The results of laboratory testing have shown that optimal lignin-containing solution additive is
20-22 g / 100 g of powdered double superphosphate. The maximal commodity fraction product output —
86-88% is observed at this condition.

The proposed technological scheme for the production of organomineral fertilizer based on double
superphosphate consists of several stages: 1) the decomposition of phosphate raw materials with WPA of
PyOs¢01a1 21.6% concentration (by mass), at 90% WPA consumption rate for 1 hour at 70-90°C, while the
phosphate raw material decomposing by 55-60%: 2) Drying the pulp at 105-110°C. During the drying
process, the decomposition of raw materials continues and the total decomposition degree of raw materials
increases to 85-90%; 3) Granulation of the product in the presence of the lignin-containing solution;
4) Dr}éing the prepared granules to the moisture content of 3-4% in warm conditions at the temperature of
60-70°C.

Conclusion. Optimal parameters of the process of double superphosphate production were deter-
mined based on laboratory investigation results: decomposition of phosphate raw materials with WPA for
1 hour at 70-90°C with further decomposition during the drying process, then lignin-containing solution
addition with the norm of 20-22 g / 100 g of powdered double superphosphate on the granulation stage.
When using lignin-containing solution at the granulation stage of double superphosphate production we
can prepare the new mineral fertilizer of improved quality. It will promote to increase product output and
to increase the assortment and the agrochemical composition of the organomineral fertilizer. Simul-
taneously the cellulose production waste can be utilized completely. The prepared organomineral fertilizer
based on double superphosphate contains P,Os in easily assimilated form for plants and an organic
part that is of prolonged action. The use of such a fertilizer extends the term of its effective action in the
soil.
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KOC CYITEP®OCAT HET'T3IHJAE OPTAHOMHUHEPAJIIbI TBIHAMTKBIIITHI JAMBIHIAY OICI BOMBIHIIA

AHHOTammsi. Makanaza OpraHOMHHEpAJIbl THIHAWTKBIIITAPABIH CEPEeKIIENIKTepi MEH apTHIKIIBUIBIKTAPBl KOPCETIIreH.
[lenTi aybpuimapyalblUIblK MIKKI3aTTapbIH LEIUTI0N03a Iy MAKCATHIMEH Oy-)KapbUIbIC KaTaJIN3 apKblIbl OHACY HOTHXKECIHIE Kol
MeJILIEp/e dJICi3 CLNTUI JUTHUHKYpaMaac epiTiHaiaep naiiaa 6onaasl. Makanaga ochl epiTiHAiHI OpraHOMHHEPaIbl THIHAHTKBILLI-
TBHIH OPTaHHKAJIBIK Kypamaac 0eJiri peTiHae KoiIaHy KapacThIphUIFaH. 3epTXaHaNBIK 3epTTeyiIep HOTIKeciHAe Koc cynepdocdar
aJTy TPOLECIHIH THIMII TEXHOJIOTHUIBIK MapaMeTpliepi aHbIKTaIFaH. AJIBIHFAH cynepdocdar Koc cynepdocdarka KaTbICTHI CTaH-
JapT TalanTapblHa coiikec KeiMmeii, 6ipak Kypamsl GoiibiHia Koc cynepdocdarka sxakbiH. THIHAWTKBIITAPIBIH CAIlaChlH JKOFa-
pBUIATY, aCCOPTUMEHTIH KOOCUTY )KOHE arpOXUMUSIIBIK KYPaMbIH KaKCAPTy MaKCaThIMEH OHBI LIEJUTI0JI03a OHAIPICIHIH KaJIbIFbl —
JIUTHUHKYpaMJIac epiTiHIIHIH KaThICHIHAA TYHIPIIIKTEY YCHIHBUIFAH. 3epTTey HOTIKeNepi OOWBIHINA JINTHUHKYPAaMIAC epiTiHmi-
Jepai KoJIaHy apKbUIbl KO cynepgocdaT Herizinae opraHOMHHEPAIIbl THIHANTKBIII ATyJIbIH TEXHOJOTHSUIBIK ChI30a HYCKACHI
YCBIHBUIFaH. AJIBIHFAH OPraHOMUHEPAJbl THIHAWTKBIITHIH (QU3HKaIbIK KACHETTEP] JKaKChl: KYMBIPJIAaHOAHIbI, HBIFbI3IaIMaiIbI
JKOHE YTUITIIITIriH )KOFaITHAN/IBI.

Tyiiin ce3aep: opraHOMHHEPAIIBl THIHAUTKBIIITAP, TOHEKEPIIEY, IUTHUHIII epiTiHALIep, Koc cynepdocdaTt, SKCTpaKIHsIIBIK
(hocdop KBIIIKBLIEL.
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IO METOAY M3IrOTOBJIEHHUSI OPTAHOMUHEPAJIBHOI'O YOBPEHUSI
HA OCHOBE JBOUMHOTI'O CYIIEP®OCPATA

AHHOTanms. B craTbe npeacraBieHbl 0COOSHHOCTH U NPENMYIIECTBa UCIIONB30BaHHsI OPraHOMHUHEPAIILHBIX y100penuii. B
pe3yJbTaTe Mapo-B3PbIBHOIO KaTalli3a TPaBSHUCTOIO CEIbCKOXO3SMCTBEHHOIO ChIPbs C LIEIbIO MOJYYEHMS LEIUII0N03bl 00pa-
3yeTcsi OOJIBIIOE KOJIMYECTBA CJIA0OIIENOYHBIX JIMTHUHCOJAEPXKAIIMX PACTBOPOB, KOTOPBIC SBISIOTCS TPYIHOYTHIN3UPYEMbIM
OTXO0IOM. B cTaThe paccMOTpeHa BO3MOXHOCTh IIPUMEHEHHUSI €ro B KaueCTBE OPraHUYECKOil COCTaBISIOIIEH OpraHOMHHEPAIIb-
HOro ynobpenus. I1o pesynpraTaM Ja00paTOPHBIX HCCIEIOBAHUIT ONMpPENETHBI ONTHMAJbHBIC MapaMeTphl MPOLecca IOTyYeHHs
nBoiiHoro cynepdocdara. [lomydeHHBIH TPOIYKT HE COOTBETCTBYET TPEOOBAaHHMIM CTaHAApTa Ha IBOWHOH cymepdocdaTa, HO IO
CBOEMY COCTaBY CXOX ¢ JBOitHBbIM cynepdocharom. C Lenplo yIydIIeHUs KauecTBa, yBEIMYCHUS aCCOPTUMEHTA M arpOXUMHYEC-
KOTO COCTaBa y[OOpPEHUs MpeajIaraeTcs IpoIecC rpaHy ISIIUH MPOIyKTa IPOBOIUT B MPUCYTCTBUH JIMTHUHCOEPIKAIIEro pacTBO-
pa — OTX0Ja NMPOM3BOJCTBA LIEILTIONO3BI. [lo pesynbraraM HCClIemoBaHHH MpEUIOKEeHa TEXHOIOTHYECKas cXeMa IPOH3BOJICTBA
OpraHOMUHEPAJIbHOTO YAOOpEeHHs Ha OCHOBE IBOWHOro cymepdocdara ¢ HCIOIb30BAaHUEM JIMIHUHCOIEPIKAILEIO PacTBOpA.
IMosmy4eHHOE OpraHOMMHEpPAIbHOE YAOOpEHHEe MMEeT Xopolune (HU3MUECKHe KauecTBa: HE KOMKYIOTCS, HE CIEXMBAIOTCA U HE
TEPSIIOT CBOEH PacChITYaTOCTH.

KiioueBble cj10Ba: OpraHOMHHEpaJIbHBIE YAOOpEHHUs, AeMUIHU(HUKALNS, IMTHUHCOAEPIKAIMe PACTBOPBI, IBOMHOM cymep-
tdhocdar, sxcrpakunonHas pochopnas kucnora (DDPK).
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