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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
superphosphate 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 fertilizer. 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.

Key words: 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 organic
and mineral fertilizers, strengthen and prolong the action of each of the components and simultaneously
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%,
phosphorus - 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 fertilizers. 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
phosphorus 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
physiologically 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
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fertilizers 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 nutrient 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
production; 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
granulation 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
composition (mass %): PyOsim - 25,0; CaO - 37.04; MgO - 2.4; Fe,0O5 - 1.18; Al,O5 - 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,O5 - 0.99; ALLO; - 0.86;
F - 1.74; SOy - 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 1.

As can be seen from Table 1, 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 POsgee is 5.6-7.9%. At the acid norm above 90% of stoichiometry, the phosphorite
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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.

Table 1 - Influence of WPA consumption rate on the phosphorite decomposition degree at 70 °C

No WPA consumption rate, % of Drying temperature, P10s totals P>05 fices Decomposition
stoichiometry °C % % 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

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
temperature 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,0s-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>Osal - 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; 0O-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
additionally 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 %: PyOsim — 33,8; P2Osavaitable — 32,11; PrOsgee — 0;
organic constituent — 5,39.

The results of investigations of lignin-containing solution additive influence on commodity fraction
product output from the granulation stage are given in Figure 1.
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Figure 1 — 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
increases 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¢0ta1 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)
Drgfing 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
determined 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.
Simultaneously 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 CYINEP®OCAT HET'3IHJIE OPTAHOMMHEPAJIIbI
THIHAUTKBIIITHI JAMBIHIAY 91ICI BOMBIHIIIA

AHHOTauMs. Makajnaza OpraHOMHHEPaIIbl THIHANTKBILITAP/BIH CPEKIICTIKTEPI MEH apThIKLIBUIBIKTAPhl KOPCETIIICH.
[enTi aypuinapyambUIblK MIMKI3aTTapbIH LEJUII0N03a ally MaKCAaThIMEH Oy-)KapbUIbIC KAaTAIM3 apKbUIbl OHJICY HOTHXKECIHIE KOl
MemiepAe oJci3 CLITLN JIMTHHHKYpamjac epitTinauiep maiina Ooxambl. Makanmaga oOChl epIiTIHAIHI  OpraHOMHHEPAIIEI
THIHAMTKBILITHIH OpraHUKaJbIK Kypamaac 0eJiri peTiHge KonaaHy KapacThIpbUIFaH. 3epTXaHAJbIK 3epTTeyJIep HOTHKECIHAE KOC
cynepdochaT any mporeciHiy THIMII TEXHOJOTHSIBIK apaMeTpiepi aHbIKTaFaH. AnblHFaH cynepdocdar Koc cynepdochaTka
KATBICTBI CTAHJAPT TAllANTapblHa COMKeC KeJaMeiai, Oipak KypaMsl GoiibiHIIA KOC cyrnepdocharka KakpH. THIHAWTKBIIITAPIBIH
carachlH JKOFapbUIaTy, ACCOPTUMEHTIH KOOCHTY KOHE arpOXMMHSUIBIK KYPaMBIH JKaKcapTy MaKCaThIMEH OHBI IEJLIIONI03a
OHIPICIHIH KaJIbIFbl —JIUTHUH-KYpaMIac epIiTIHAIHIH KaThICBIHAA TYHIPLIIKTEY YCHIHBUIFAH. 3epTTey HOTHKelepi OoibIHIIa
JUTHUHKYpaMJIac epiTiHaiiepAi Koiany apKeUlbl Koc cyrnepdocdar HeriziHnae opraHoOMUHEPasbl TEIHAUTKBIII aTyAbIH TEXHOJIO-
THSUIBIK  CbI30a HYCKAchl YCBHIHBUIFaH. AJIBIHFAaH OPraHOMHUHEDAIbl THIHANTKBIUTHIH (U3UKAIBIK KaCHETTepl IKAKCHI:
JKYMBIpIIaHOAM b1, HBIFBI3IaIMAalAb] )KOHE YTUITIITITiH )KOFAIITIAalAbI.

Tyiiin ce3aep: opraHOMUHEPa/bl THIHAWTKBILITAD, JOHEKEpJIeY, JMTHUHII epiTinaiiep, Koc cynepdocdar, SKCTpaKIUSIIbIK
(hochop KBIIKBUIBL.

K.K. )KaHMo.JmaeBal, A.A. Kanipﬁaesal, .M. CeﬁTmarmMosa', KM. A.J'ITblﬁaEBz, I1.K. Ilanaxos?

'FOsxH0-KazaxcraHckuit rOCyJapCTBEHHBIH yHUBepcuTeT nM. M.Aya30Ba, LlIsiMKkenT, Kasaxcran;
}Oxu0-KazaxcTaHckuil IejaroruaecKmii yHusepcurer, llIsivkenT, Kazaxcran

IO METOAY U3I'OTOBJIEHUSA OPTAHOMMWHEPAJIBHOT'O YAOBPEHUS
HA OCHOBE JIBOMMTHOT' O CYIIEP®OC®HATA

AHHoTaums. B cratbe npeacTaBieHbl 0COOCHHOCTH M IPEUMYIIECTBA HCIIONB30BAHHUS OPraHOMHUHEPAJIBHBIX y100peHuii. B
pe3yJbTaTe Napo-B3PHIBHOTO KaTalu3a TPABSIHUCTOTO CENbCKOXO3AHCTBEHHOTO CBHIPbS € LENbIO IONYYEHHS LEIUTIOIO03bI
obpazyeTcs 60JIbLIOE KOJIMYECTBA CJIA00IIETOYHBIX IMTHHHCOIEPKAIINX PACTBOPOB, KOTOPBIE SBISIOTCS TPYHOYTHIN3HPYEMbIM
oTxonoM. B crarhe paccMoTpeHa BO3MOXXHOCTb NPUMEHEHUS €r0 B KadeCTBE OPTaHWYECKOH COCTABIAIOMICH OpraHOMUHEpalb-
Horo ymoOpenus. [lo pesynpraTam 1a00paTOPHBIX HCCIENOBAHUN OIPENENHBI ONTUMAIBHBIC MapaMeTphl IPOIecca MOITydeHUs
nBoitHoro cynepdocdara. [TomydeHHBIH TPOAYKT HE COOTBETCTBYET TPEOOBAHMSIM CTaHIApTa Ha IBOMHOW cynepdocdaTa, HO 1O
CBOEMY COCTaBY CXOX C JBOMHBIM cynepdocdarom. C menbro yiIydiieHUss KadecTBa, YBEIHYCHHsT aCCOPTUMEHTA M arpOXHUMH-
YeCKOro COCTaBa yIOOpEHHUs INpeularaeTcsi MpOLEcC IPaHyJISUUM NPOAYKTa HMPOBOAUT B NPHUCYTCTBUM JIMTHUHCOACPIKALLETO
pacTBOpa — OTXOAA HPOM3BOJACTBA LEJUIIONO3bL. [0 pe3yibTaTtaM HCCIENOBAaHMH NPEIOKEHA TEXHOJIOTHYECKas cXeMa MpOou3-
BOJCTBAa OPraHOMHHEPAJIBHOTO YAOOpEHHS Ha OCHOBE JBOifHOro cymepdocdara ¢ HCIOIb30BAHHEM JIMTHUHCOACPIKAIIETO
pactBopa. ITomyueHHOE OpraHOMHHEpAIbHOE YAOOpPEHHE HMeeT XOopoune (U3NYECKHE KadecTBa: HE KOMKYKOTCS, HE CIEXKH-
BAIOTCS U HE TEPSIIOT CBOEH PacCHITIaTOCTH.

KitoueBble cJI0Ba: OpraHOMUHEpalbHbIC YyNOOPCHUS, ACHUTHHU(HUKALMS, JUTHUHCOACPKALINE pAaCTBOPBI, JBOMHOI
cynepdocdar, sxcrpakinuonHas pochopHas kuciora (IDK).
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