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ON THE PRODUCTION OF PURIFIED DIAMMONIUM
PHOSPHATE FROM EXTRACTION PHOSPHORIC ACID BASED
ON OFF BALANCE ORES OF THE KARATAU BASIN

Abstract. The problem of utilization of man-made waste from the mining complex has not lost its relevance
since the end of the last century. The amount of waste only in the «Central» mine quarry of the Zhanatas field, is
about 22 million tons of phosphate-silicon raw materials (PSRM). More than 12 million tons after flotation
enrichment were used for acid processing and as commercial phosphates for electro thermal processing. When
refining the Zhanatas quarries to the working depth, at least 18-19 million tons of PSRM will be formed [1].

Off-balance ores of internal overburden are represented by three special dumps of the mines "Kokjon",
"Koksu", "Tjesay", "Aksay", the volume of which is more than 3.2 million tons with a content of up to 20% P20s.

Mineral fertilizers in the agro-industrial sector of the economy play a key role in improving crop productivity
and quality. Given the export orientation of the phosphorus industry, it cannot be considered outside of
macroeconomics, as its situation remains complex and unstable.

The practical importance of innovative research to develop technological foundations and technical solutions for
the production of diammonium phosphate (DAP) [7], derived from wet-process phosphoric acid (PSRM )balance
Karatau phosphorite is no doubt also compiled the original data on the establishment of a pilot plant and the
calculated techno-economic assessment of innovative industrial production.

Our proposed technology will reduce the economic costs of processing off-balance raw materials and increase
the range of phosphorus-containing products to 10-15%; increase the production of PSRM and DAP to 20-25%;
create additional jobs.

The results of innovative scientific research are applicable to the chemical enrichment of man-made waste for
target products, which are urgently needed by the agro-industrial complex, to improve the environmental and
economic indicators of industrial regions and the welfare of the population of Kazakhstan.

Keywords: Off-balance phosphorites, Karatau basin, diammonium phosphate, extraction phosphoric acid, drum
granulator dryer, neutralization, evaporated and non-evaporated PSRM.

Introduction. In world practice, the trademark diammonium phosphate 18:46 has long been
established, with a mass fraction of total nitrogen of at least 18 %, and total P205 of at least 46 %,
exported fertilizers usually meet these requirements. In addition, export contracts more strictly regulate the
granulometric composition [8]. This requires normalization of the proportion of the size of DAP granules
from 2 to 4 mm or from 2 to 5 mm, produced by the largest producers of Russia-JSC "PhosAgro-
Cherepovets” and LLC "Balakovskaya mineral fertilizers”, which are part of the holding company
"PhosAgro" and contain at least 95% ofgranules from 2 to 5 mm (in practice, from 97 to 100 %) [2].

The composition of the fertilizer DAP includes diammonium phosphate (NH4)2HPO4 and
monoammonium phosphate NH4H2PO4, as well as impurities whose content depends on the chemical
composition ofthe initial phosphoric acid [3].
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Diammonium phosphate fertilizer (diammophos, DAP) - a complex fertilizer containing two main
nutrients-nitrogen and phosphorus. In accordance with the technical conditions, diammonium phosphate
fertilizer, according to its physical and chemical parameters, must meet the technical requirements of
TU-113-08-556-93 [4,5].

Commercial innovative product is fire-and explosion-proof. Hazard class-4, maximum permissible
concentration (MPC) of DAP dust in the air ofthe working area-10 mg/m3 [6].

Compared with ammophos, which contains the predominant amount of monoammonium phosphate
(MAP) and diammonium phosphate per unit of P20s contains twice as much nitrogen, despite the fact that
the total content of nutrients in MAP and DAP is the same (about 64 %), in addition, more concentrated
fertilizers can be obtained on the basis of DAP [5,14].

In the process of innovative production of DAP, the extraction phosphoric acid is subjected to deeper
ammonification, due to the introduction of the cheapest and one of the most concentrated nitrogen -
containing components-ammonia-into the fertilizer.

This makes it possible to use a smaller amount of more expensive nitrogen-containing production
components (ammonium nitrate or urea) for nutrient balancing [16], which makes it more economically
feasible to obtain DAP and fertilizers based on it.

Especially important role of DAP plays in the process of blending. Due to the high concentration of
nutrients, its use leads to savings in financial resources for transportation, storage and application of
DAP-based fertilizers to the soil [1,12].

Currently, ammonium phosphates with a nutrient concentration (P205+N) of more than 60% are
obtained in the CIS countries from Apatite concentrates and high-quality phosphorites of North Africa.

Production of highly concentrated fertilizers from phosphorites of the Karatau basin of the Republic
of Kazakhstan requires deeper enrichment, with the production of concentrates containing more than 30%
P20s5 and MgO less than 1% [3,7], or additional purification of extraction phosphoric acid from impurities,
and especially from magnesium and fluorine, since iron and sulfur can play the role of micro-fertilizers.

The production of phosphorus and other mineral fertilizers in Kazakhstan is mainly carried out by
three enterprises: - «Kainar» LLP, with a capacity of 240 thousand tons per year (Shymkent) and the
«KazAzot» LLP plant (Aktau), where there are production facilities nitrogen fertilizers and liquid
ammonia with a capacity of 1600 thousand tons per year, Taraz branch of «Kazphosphate» LLP mineral
fertilizer plant (MFP), with a capacity of 150 thousand [19] tons per year. However, they do not fully
satisfy the need ofthe Republic of Kazakhstan for fertilizers.

Therefore, establishing the mechanism of the influence of impurities, in particular compounds of
fluoride and magnesium on the physico-chemical and physico-mechanical properties of purified DAF are
necessary conditions for the creation of a hardware-technological scheme of the innovative technology of
obtaining the target product (DAP) from natural phosphate rock of the Karatau basin and industrial wastes
[16], stored in the dumps ofthe Zhanatas, Aksay and Kokjon mines.

In the course of research on the innovative process of obtaining DAP, the main attention is paid to the
chemistry, kinetic dependencies and hardware design of the main technological stages, as well as to the
quality ofthe finished product: such as caking, granule strength, and dust formation [18]. In the literature,
the influence of the concentration of phosphoric acid, the impurities contained in it, and the hardware
design ofthe process on the properties of the finished product, as well as the mechanism and chemise of
this influence are not sufficiently developed, which is the goal of an innovative research work [8], which
has relevance.

The difference between the innovative technology offered by us and the existing ones is the use of
evaporated and unpaired extraction phosphoric acid from raw resources of domestic balance and off
balance ores.

The production of mineral fertilizers from local raw materials will allow involving low-grade
phosphorites and man-made waste in the new technology of enrichment.

DAP, obtained using phosphoric acid with a lower concentration than traditional technology, has
lower physical and mechanical properties, increased hygroscopicity and traceability [10]. To preserve the
quality of DAF during transportation and storage the moisture content of the finished product shall be not
more than 2.0 %; for this purpose- exposure ofthe productto produce at least 2 hours and the temperature
ofthe shipment is maintained in accordance with the requirements of normative technical documentation.
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M aterials and Methods. In connection with the rise of the economy of the Republic of Kazakhstan
on the basis of innovative and industrial development and its transfer from a raw material to a competitive
commodity-producing state, there is a need to develop new and improve existing technologies in all
sectors ofthe economy [7].

Experimental research is traditionally the most objective method. Therefore, the main method of the
proposed work is a free associative instrumental method of experiment, one of the most accessible and
effective ways to develop a number of scientifically based physical, chemical, technological and technical
solutions for the synthesis of competitive domestic DAP with an optimal ratio of paired and non-paired
PSRM [9,11].

This will ensure compliance with the principles of scientific ethics and their use in the creation of
technology for the synthesis of DAP in BGS using unpaired and evaporated PSRM and ammonia gas [17].

To conduct experiments, samples of phosphate raw materials from various deposits "Chulaktau",
"Zhanatas" and "Kokjon" were studied on a raster electron microscope (SEM) for the content of P20s .
The results of the study are shown in figures 2,4 and 6.figures 1,3 and 5 show the appearance of a large
and crushed sample of phosphorites taken for experiments.

Figure 1- Coarse and crushed phosphorite sample taken from «Chulaktau» field

Figure 2 - Elemental composition and electronic image by electron microscopic
examination of a phosphorite sample taken from the «Chulaktau» deposit
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Figure 3 - A large and crushed phosphorite sample taken from the «Zhanatas» field
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Figure 4 - The elemental composition and the electronic image are shown according

to the results of an electron microscopic study of a phosphorite

sample taken from the «Zhanatas» deposit

Figure 5. Coarse and crushed phosphorite sample taken from
«Kokjon» deposit.
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Figure 6 - The elemental composition and the electronic image are shown according to the results
of electron microscopic examination of a phosphorite sample taken from the «Kokjon» deposit

Results and discussion. The chosen method, with its own individuality of the Association process,
has common reference points of contact between individual participants of collective research, as well as
with respondents offering various DAP production technologies [13].

Table 1 shows the content of P20s (%) in the phosphate feedstock of the «Chulaktau», «Zhanatas»
and « Kokjon» deposits.

Table 1 - P2C5 content (%) in the phosphate feed of the «Chulaktau», «Zhanatas» and « Kokjon» deposits

Type of phosphate material Content P205,%
Weight % Atomic %
Chulaktau 1,77 5,03
Zhanatas 8,18 7,10
Kokjon 6,13 3,79

Comparison of the results of research of samples of phosphate raw materials from various deposits
«Chulaktau», «Zhanatas» and «Kokjon» for the content of P20s shows that the best quality is
characterized by the phosphorite ofthe Deposit "Zhanatas", containing P205 -8.18% [12 ].

The presence of harmful impurities and low P20s content make it necessary to enrich the
phosphorous ore [1,15]. To do this, in our opinion, it is possible to use the flotation method of enrichment.
At present, fine - milled fosmuka is obtained from carbonate ores and flotation phosphorous concentrate is
obtained from it. Flotation phosphate concentrate is usually used as a raw material for the production of
phosphorous-containing and complex mineral fertilizers, phosphoric acid.

Conclusion. Experimental data and technological schemes can be used to obtain diammonium
phosphate from substandard phosphate raw materials. The aim ofthe research is to develop and create an
innovative technology for obtaining high-quality diammonium phosphate in a drum granulator dryer from
a mixture of evaporated and unpaired extraction phosphoric acid with a predominant share of unpaired
EFC extracted from off-balance phosphorites of the Karatau basin. From the conducted research of
samples of phosphate raw materials of various deposits, «Chulaktau», «Zhanatas» and «Kokjon», the best
was the phosphorite ofthe" «Zhanatas» Deposit, containing P20s - 8.18%.

Scientific research and experimental work was carried out using modern laboratory equipment
equipped with computer technology. The analysis of the raw materials, the resulting product and materials
was performed using physical and physico-chemical methods of research on modern raster microscope
JSM 6390 LV, DRONE, IR spectroscopy, etc., and comparative analysis was performed using
mathematical processing of research results [4.19].

The results of the conducted research of bidit are applied in the development of technological bases
and technical solutions for the innovative process of diammonium phosphate production using BGS from
unpaired extraction phosphoric acid obtained from phosphorites ofthe Karatau basin.
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LL.T. XKanTacosl I'.C. LLlalimepaeHoBal,
XK. Dxanmyngaesal A A Llagipb6aesal E.B. MYcipenosa2

'M.3ye308 arbiHAarbl OuTycTX KaszakcTaH MeM/IeKeTTiK yHuBepcuTeTi, LLbIMKEHT, Ka3akcTaH;
2Silkway xanblkapanbiK yHUBepcuTeTi, LLbIMKeHT, KazakcTaH

LLAPATAY BACCEWVHLLILL, BANAHCTAH TbIC KEHOEPIHEI131HAE SKCTPAKUNANbBILL
®OCHOP UbILILUBITBIHAH TASAPTBINTAH ANVAMMOHUN®OCOAT AJTY

AHHOTauus. Tay-KeH eHAipy KeLLeHiHIL, TeXHOreHAIK KangpIrbiH Maiigara »apaTy Maceneci eTKeH racbipabil
COUbIHaH 6acTan e3eKTifriH Xorasrnain Kenegi. XKauatac KeH OpHbl «LleHTpanbHbIf» KapbepiHAeri Kangblk MesLuepi
22 M/H. TOHHara >XyblK (hocaT-kpeMHWiA wmkisaTbiH (PKLL) Kypaiigbl. ®noTaumsibik GavibimyfaH KeiiH 12 miH.
TOHHaaH acTaMm KbllKbIIAb! euaey YLUiH 31eKTPOTEPMUS/IbIK euaeyae Tayapnblk (ocqopuT peTiHae naliianaHbuira.
«KaLatac» KapbepiH >XXyMbIC TepeugiriHe JeLUH XeTingipy kesiHge kemiHge 18-19 miH. ToHHa ®KLL maiiga 6onags [1].

1110 apliibIMa Tay XKbIHbICTAPbIHbIL, 6anaHCTaH ThiC KeHAEPi «KekkoH», «Kekcy», «Tbecaid», «Ancaii» CbiHabl Yiu
apHavibl YVIiHai apKbinibl YCbIHbINABI, KeneMi 3,2 MH. TOHHaAaH acTam, KypambiHga 20% P205 6ap.

OKOHOMUKaHbIL, arpoeHepPK3CIMTIK CeKTOPbIHAA MUHepan ThILaATKbILWTAP ayblilapyallblibirbl AaKbUiAapbl-HbiL,
eHimMAiNiri MeH canacbIH apTThipyfa MaubI3abl pen atkapassl. Poctop canachbiHbIL, 3KCMOPTTLIK 6arbIThbiH ECKepe OTbIpbIr,
OHbl MaKpO3IKOHOMMKa/jaH ThIC KapacTblpyra 60/Maiiapl, eATKeHI OHbIL, Xardalibl KYpLeni kaHe Typakcbi3 60/bIn Kaagp!.

[Jvammonnithoctatr (JAD) eHAIpiCiHIL TEXHONOrUAMLIK HEri3i MeH TEXHMKa/IbIK LLUeLWiMiH 33ipiey 6oibHLLA
VHHOBALWANBIK 3epTTeyNepLiL, NpakTUKaiblK Maubi3abuibirsl [7], Kapartay TeurepiMaik (ochoputTepiHeH SKCTPaKLUMA/bIK
thochop KbiwKblbIHAH (DK) abiHaTbIH, COHAAN-aK THKIPUOENiK-eHEPKACINTIK KOHABIPTbI Kypyra 6acTankbl AepeKTep
Yaca/raH X3He eHepKaCinTiK MHHOBALMANBIK eHAIPICTI TEXHUKa/IbIK-3KOHOMUKaTbIK 6aranay »yMbICbl eCENnTeNreH.

Bi3 yCbIHbIN OTbIPraH TeXHO/MOrUs TeLrepiMHeH ThiC LUMKI3ATTbI KaiTa eLjeyre, 3KOHOMUKAbIK LWbIrbIHAbI a3aiTyra
X3He KypamblHZa thocdop 6ap eHAipineTiH eHim cypbinTamMacbiH 10-15%-ra, 9PK xaHe JAD eHgipic kenemiH 20-25%-
ra [eLlH >Korapblnaryra, KocbIMLLIA XYMbIC OpbIHAaPbIH Kypyra MYMKIHAIK 6epesi.

VIHHOBaUMANbIK ThUTbIMA 3epTTey/iep HITVXKECI arpOeHAIPICTIK KelleH aca KaXeT/, MakcaTTbl eHimaepre TexHo-
reHAiK Kangblktapabl XMMUS/IbIK 6aiibITyaa, eHepKaCINTIK aliMakTapabIL, 3KOMOrUs/bIK-3KOHOMUKaIbIK KepCeTKILITepiH
aHe KP Xa/lKbIHbIL| 3/1-ayKaTbIH )aKcapTy/ja KonfaHbinapl.

TYViiH cesgep: 6anaHcTaH Thic chocoputtep, Kapatay 6GacceiiHi, AvaMMOHMAGOCHAT, SKCTPaKUMANbIK (ochop
KbILKbINbI, 6apabaHabl TYMipLuiKTeriw KenTipriw, 6eitapantanabipy, OynaHraH »asHe 6ynaHbaraH 9PK.

Ll T. >KaHTacos], I'.C. LLlaiimepaeHoBal,
XK. Dxanmyngaesal A A. Liagip6aesal, E.b. MYcipenosa2

"KOXHO-KasaxcTaHCKuiA rocyaapCTBeHHbI YHUBEPCUTET UMeHN M.Ay330Ba, LLbiIMKeHT, KasaxcTaH;
MexayHapogHblin YHuusepcuteT SILKWAY, LLbimkeHT, KazaxcTaH

O NONYYEHUN OUNLWIEHHOIO ANAMMOHNY ®OCHATA A3 3KCTEAKLI,I/IOHHOI7I
®OCPOPHOU KNCNOTbl HA OCHOBE 3ABAJTAHCOBbLIX PY [ BACCEVNHA KAPATAY

AHHOTaums. Mpobnema yTUIM3aUMM TEXHOrEHHBLIX OTXOAOB TOPHOLOOLIBAIOLLIETO KOMIIEKCA He TepseT CBOK
aKTyanbHOCTb C KOHLIA MPOLLIOro CToneTus. KonmyecTBo 0TX0A0B TOMbKO MO Kapbepy «LleHTpanbHbIf», MECTOPOXKAEHNS
>KaHatac cocTaBnfeT OKoMo0 22 MIH. TOHH (hochaTHO-kpemHuero cbipbs (PKC). bonee 12 mMAH. TOHH nocrne
(hNOTALUMOHHOTO  06OralleHs  WCMOMb30BaHO A1 KUCNOTHOM MepepabOTKM M KaK ToBapHble  qpoctopuTbl  npu
3M1EKTPOTEPMUNYECKO MepepaboTke. Mpu fopaboTKe KapbepoB «XKaHaTac» A0 pabouein rnybuHbl 06pasyeTcs He MeHee
18-19 mMnH. ToHH ®KC [1].

3abanaHcoBble pyabl BHYTPEHHEN BCKPbILLIHOM NOPOAb! NPeACcTaB/eHbl TPeMs CreLoTBa1iaMm Py SHUKOB «KOKKOH,
«Kokcy», «Tbecaii», «Akcali», 06beM KOTOPbIX COCTaBSHOT 60/1ee 3,2 MH. TOHH C cogepkaHnem ao 20% P20s.

MuHepasibHble YA0OpeHUs B arponpOMbILL/IEHHOM CEKTOPe 3KOHOMUKW MIPAtOT K/KOYEBYHO POMb B MOBbILLEHWUN
YPOXKAMHOCTU 1 KAYecTBa CENbCKOXO3ANCTBEHHBIX KyNbTyp. YUWTbiBasd 3KCMOPTHYH HArpaBieHHOCTb  (DOCHOpHOI
0Tpacnu, ee He/b3s PacCMaTpUBATb BHE MAKPO3KOHOMMKM, TaK Kak ee 06CTaHOBKa OCTaeTCs CIOXKHOM 1 HEYCTOUMBOIA.

IMpakTnyeckas 3Ha4MMOCTb UHHOBALMOHHBIX MCC/IeA0BaHUI MO pa3paboTke TEXHOMOMMUECKMX OCHOB U TEXHUYECKMX
peLueHuin Npom3BOACTBa AvammoHuiidoctaTa(JAD)[7], nomyYaeMoro M3 sKCTPaKLMOHHOM (hocopHoi kucnoTsl (APK)
6anaHcoBbIX hochopuToB KapaTay He BbI3bIBAET COMHEHUIA, TaloKe COCTaB/eHbl UCXOAHbIE faHHbIe Ha CO34aHMe OMbITHO-
MPOMBILLEHHOA YCTAHOBKW W paccuMTaHa TEeXHWKO-3KOHOMMYECKas OLEHKA MPOMbILLIEHHOTO WMHHOBALMOHHOMO
MPOV3BOACTBA.

MpepnaraeMas Hamy TEXHOMOTUS MO3BO/IUT CHU3UTL 3KOHOMMYECKME 3aTpaThl Ha MepepaboTky 3a6a/iaHCcoBOro Chipbst
W YBEMUMTb aCCOPTMMEHT BbIMyCKaeMbIX (hocopcogepalmx npoaykTos go 10-15%; yeenmuntb 06beM NPOM3BOACTBA
DK n JAD p0 20-25%; co3gathb LOMOMHUTESBbHbIE paboume MecTa.
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Pe3y/bTaTbl MHHOBALMOHHBIX Hay4HbIX MCCIeA0BaHUA MPUMEHVMbI MPU XUMUYECKOM O0BOralLeHUN TeXHOTEHHbIX
OTXO/I0B Ha LieNieBble MPOAYKTLI, B KOTOPLIX OCTPO HY)XAAETCS arpornpoMbILLIEHHbIA KOMIIEKC, B Y/TyULLIEHUW 3KO/OTO-
3KOHOMUYECKMX NOKa3aTe/eli MPOMBILLIEHHbIX PEMVIOHOB 1 6/1arococTosHUs HaceneHus PK.

KntoueBble cnoBa: 3abanaHcoBble hocdopuTbl, BacceitH Kapatay, AvaMMOHMAGOCHAT, IKCTpaKLMOHHas ocopHas
KucnoTa, 6apabaHHbIii FpaHyIaTop CYLUMAKA, HEMTpanm3auws, ynapeHHas v HeynapeHHas 3K,
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