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dbochopocoaepxammx coeMHEHU N
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! MHHHCTEPCTBO SKOJIOTUH U IPUPOAHBIX PECYPCOB

2 Asepbaitpxanckuit locynapcteennsii Yuusepeuter Hedru u Ilpomsimnennocty, r. baky, Asepbaiimkanckas Pecry6nuka
AHHoTaums. B paboTe mccnenoBaHa KHHETHKa IIpolLiecca MCIONb30BaHUE (GochopocoseprKaliie MUHEPAIbHBIC COSIHMHEHHS HX
pa3IoXKEHUEM, KOTOpbIE SBIIOTCS aKTyaJbHBIMU Ipo0OieMaMu. B Hauane paGoThl OCBEIOMIICHO, YTO IPOLECC IPOUCXOMUT B JIBYX
CTaausIX. DTH CTAAUH MPOIECCH OTIMYAIOTCS JPYT JIpyra B OCHOBHOM II0 CKOPOCTH OCYIIECTBJIEHHS IIpOIiecca, TaKk Kak CKOPOCTb
HEepBOH CTaAuM Tropa3no Ooiblie, YeM BTOPOro. OTOT (aKT SBIAETCS NPHYUHOW TITyOOKOTO HCCIENOBAHHSA KHHETHKH JIAHHOTO
npouecca. Kpome TOro, u3yueHue TakMX MPOLECCOB CBA3aHBI HECKOJBKMX IPOU3BOJACTBEHHBIX IpodOnemMamu. B paGote
AQHAIM3UPOBAHBl 3TH BOINPOCH, TAaK JKE€ IIPEICTAaBIEHBI CBEACHHS 10 METOIVKE IIPOBEACHHBIX OIBITOB, PEXXUMHBIE IapaMeTpHl,
COOTHOILICHHE KOMIIOHEHTOB, KOHIICHTPALMsl KOMIIOHEHTOB, TpeOyeMoe BpeMsl JJIs OCYIIEeCTBICHUS npoliecca. Tak xe ompeeneHa
3aBHCHMOCTb CTCIICHU MPELUMUTHPOBAHKS NPU PA3IUYHBIX MACCOBBIX COOTHOLICHHSIX KOMIOHEHTOB OT BPEMEHH OCYILIECTBIICHHS
nporecca. B pabore moka3aHel BUABI CYIIECTBOBAHUS IPEHUNUTATA, KAK MOHETHT W OpymuT. Ha OCHOBE MONYyYEHHBIX TaHHBIX
rpadu4ecKy NpeacTaBIeHbl PACTBOPHUMOCTD PA3IMYHEIX (a3 U CKOPOCTh IPEBpPAIlEHHe, TaK XKe JuarpaMMma OCaKJICHHS OCHOBHOTO
TONyYEeHHOTO MpoaykTa. B pabore m3ydeH BimsHUEe mMaccoBoro cooTHomeHus CaO/P205 u Bpems OCYIIECTBICHHUS MpoIlecca Ha
CTEIeHb MPELUIUTHPOBaHue. BrIsBieHEl, uTo TpH TeMmneparype 650C MaccoBO€ COOTHOLIEHHE OCHOBHBIX KOMIIOHEHTOB JIOJDKHO
NPUPABHATHCS SIMHULE, TIPH 3TOM 3aTpaueHHOE BpeMsl Ha IPOIeCC HEHTpaM3ally MPAKTUYECKOi poiu He urpaer. Tak kak ee
YBCJIMYEHHE W YMEHBIICHHE IPAKTHYCCKH HE BIMSACT HA IIOKA3aTelM IIpolecca. Pe3ynbTaThl MOKAa3alH, YTO INPH PaBEHCTBE
cootHomenui komrnoHeHToB CaO/ P205 =1 B TeueHue YeThIpex 4acoB CTENEHb IpenunuTupoBanue nocturaercs 10 90,66 %. A B
TEYEHHE OJIHOTO Yaca 3TOT IoKa3aTelb Jocturaercs 78,2 %. 3Ha4uT B OCTAJIBHOM TPEX 4acOB 3TOT [10KA3aTeNb BCETO yBEIMUUBACTCS
Ha 12 %. Mcnonb3ys 3TH NONydYeHHbIE JAHHBIE HMEETCSI BO3MOXHOCTD OTPEETICHHsI ONTHMAIbHBIC TEXHOTOTHIECKUE YCTIOBHS IS
JaHHOTO Tporecca. Iloka3aHBl, YTO MMEIOTCS BO3MOXXHOCTH JOCTVDKCHHS HHTEHCH(HKAIMM IIpoLecca, YBEIWYEHHE CTEleHb
UCIIOJE30BAaHNUE CHIPBSI M C 9TUM ITIOJYYEHHsS] KOJOTHYECKH O€3BPEIHOTO NMPOIYKTa C MPUBEICHHEM B ONTHMAJbHYIO COCTOSHUIO
PERUMHBIX HAPAMETPOB ¥ KOMIIOHEHTHBIX COOTHOILICHHI.
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Abstract. The kinetics of the process of using phosphorus-containing mineral compounds by their decomposition, which are actual
problems, has been studied. At beginning of the it have been notified that the process takes place in two stages. These stages of the
process are differed from each another mainly by rate of process realization, because a rate of the first stage is much more that a rate
of the second stage. This fact is a reason of the deep research of kinetic of given process. Apart from that a detailed study of these
processes connect with some problems of enter prices. All these question are analizied in the work, also the information by methodical
carry out of experiments. Regime parameters correlation of components, concentrations of components, a time requite for realization
of process are presented. The dependence of degree by different mass correlation of components from the time realization of process
are also shown. In the work the types existence of precipitate, monitite brush it are shown. On base of received date a dissolubility of
the base received product are graphically presented. In the work an influence of mass correlation of CaO/P205 and time of process
realization on precipitation is studied. It have been determined that by 650C temperature a mass correlation of the base components
must be equal to one, by that a time being used on neutralization process don’t play the practical role, because its increase and decrease
don’t influence practically on process indices. The results shown that by equality of components COP205=1 correlation during four
hours the precipitation degree makes up to 90,66 % and during 1 hour this index is 78,2 % for duringthe remaining three during this
index is increased on 12 %. By using of these received data these is a possibility determination of the optimum technological conditions
for given process. it is shown that there are opportunities to achieve processivization, to increase the use of raw materials and to obtain
an environmentally friendly product with the introduction of regime parameters and component ratios in the absolute state.
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BBenenune

UccnenoBanus npouecca pa3nokeHus ¢oc-
dopocoaepKalMX MHHEPANbHBIX COEIWHEHUH
CEpHOM KHCJIOTOM JUIsl pa3IM4HbIX 1IeJIel MOKa3aliy,
YTO TPOLIECC Pa3IoKEeHHs! TPOUCXOIUT B OCHOBHOM
B JBe cTaaud. Bropas ctamus mpolecca UMeeT
MEHBIITYFO CKOPOCTb 110 CPaBHEHHIO ¢ TIepBoii [1, 2].

JaHHBIl BOIpOC CBSI3aH € TOJYyYECHUEM
MHHEPAJIbHBIX M OpraHOMUHEPAIBHBIX yI0OpeHHUH.
Heo0xonumo rimyOoko MccinenoBaTh CyIIECTBYIO-
LIME HPOLECCHl JUIsl PELICHUs HIKECIIETyHOIIX
aKTyaJIbHBIX BOIIPOCOB: Pa3BUTHE COOTBETCTBYIOLIETO
MPOM3BOJCTBA, MHTEHCH(UKAIMS TMPHUMEHSIEMbIX
MPOLIECCOB, MAKCHMAIBHOE HCIIONB30BAHKUE CBIPBS,
JIMKBHZIAIMS BPEIHBIX BO3ICHCTBUI HA OKPYKAIOLIYIO
Cpeny IIPH UCTIOIBb30BaHKH ITOMYUYEHHBIX MPOAYKTOB.

C 1enbio BBISICHEHUS YKa3aHHBIX BOIIPOCOB
HaMH IIPOBEJEHbI MCCenoBanus. B nccnenoBanmsx
WCTIONb30BaHbl alaTUTOBBI KOHIEHTPAT B BUJE
(dochopocomepkaIlero MUHEPaIbHOIO COCTMHEHHMS
U cepHast KUcia0Ta. ONBITH BHIIOIHEHBI 110 U3BECT-
Hoit meronuke [3]. [locne 3aBepuienus mporecca
okoino 30-50% ot obmero o6bemMa MOITY4EHHON
mynenel  cynepdocdara TOgaeTcss B PEaKTOp-
HelTpanuzaTop. B peakTope-HelTpanuzaTope npu
65 °C ma mymemy cynepdocdara nobasisercs
OIIpEIeNICHHOE KOJMYECTBO CYCIECH3MM pPaKyLIey-
HUKa W TPOBOJUTCS HeWTpamu3amus GochopHOit
kucaoTel B cootnomenun CaO/P,0s5 = 1,0 B Teue-
nue 60 muH. OcTanpHast Macca cynepdocdarHoit
MyJbIbl TOMEIIAeTCs B KaMepe TepMocTara u
BbIep)KHBaeTCs Tpu Temieparype 150-160 °C.
[Nony4eHHast cMech U3 peakTopa-HeHTpamu3aropa
no0aBisieTcss K OCHOBHOM Macce cynepdocdarHoit
IyJIbIIbL B KaMepy U BblaepxkuBaercs 1,5 4. [IposeaeH
aHaJM3 MOJyYeHHOro mpoaykra. M3yuen nporecc
MIPEIMITMTAPOBAHUS B TeueHue 240 MUH B Pa3INIHBIX
ycnoBusx. CTeneHb NPpeuunuTHPOBaHMS OIpese-
JsUlach  OTHOIIGHHEM KOJIMYECTBA PacTBOPCHHOM
¢dopmni PoOs B uTpare Ha o01iee kormdecTBo PoOs.

Kpome 3T0ro0, B YCIOBHUSX pa3iInvHbIX Mac-
coBbix cootHouenuit CaO/P20s npu Temneparype
65 °C peakIMOHHOM CMecH W3y4YeHa 3aBHCUMOCTh
CTENEHH NPELHUIUTHUPOBAHUS OT IMPOAOJKHTENb-
HOCTH IIporecca.

W3BecTHO, YTO MpEHUIUTAT MOXET CYIIe-
cTBoBaTh B Buae Monernuta CaHPO,4 u Gpymmura
CaHPO4-2H> O. OHu coaepkaT COOTBETCTBEHHO
52,17 u 41,25%. bpymut ocaxknaercs u3 pochop-
HOKUCIBIX pacTBopoB mpu 40—50 °C kak meracra-
ounbHas ¢asa, Beime 50 °C BeinenseTcs 0e3BoaHAs
conmb — MOHETHUT. Ha ocHOBe mOIy4eHHBIX
pe3ynbTaToB Ha pucyHKe 1 ToKa3aHa pacTBOpH-
MocTh MetactabmibHoi (a3er CaHPO4-2H,0
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u crabunsHoi ¢azer CaHPO4 mpu 65 °C,
Ha PUCYHKE 2 — CKOPOCTh MOIMMOP(HOT0 IIpeBpa-
menusa CaHPO4 2H,; O— CaHPO,.

PesynmbraThl aHaim3a Tporiecca MPEIUITHTH-
POBaHUSI, MOJTYYCHHBIC HA OCHOBE ONBITHBIX IAHHBIX,
MpEeJICTaBJICHKI B TabmuIe 1.

Cr0.
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Pucynox 1. PactBopuMoOcTh MeTacTaOMIbHOH (ha3bl
CaHPO4-2H,0 u crabunpHoi# da3sr CaHPO4 B cucteme
Ca0—P,05-H,0 npu 65 °C

Figure 1. The solubility of the metastable phase
CaHPO4-2H20 and CaHPOq stable phase in the system
Ca0—P,05-H,0 at 65 °C
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Pucynox 2. U3menenue (ha30BOro IpeBpaieHus
CaHPO4:2H>0O B 0e3BojHyI0 COJb BO BPEMEHH HpH
65 °C npu paznuuHbXx KoHIeHTpauusx P2Os B sxuakoi
(haze, paBHOBECHO C JIBYBOJTHOH COJIBIO

Figure 2. The change of phase transformation
CaHPO4-2H>0 in anhydrous salt in time at 65 °C with
various concentrations of P,Os in the liquid phase in
equilibrium with dvuvodny salt
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Taonumna 1.
Brustaue maccoBoro cootnomrerns CaO/P2Os 1 MPOIOIDKUTENBHOCTH IPoIecca
Ha CTENEHb NPELUIUTUPOBAHUS
Table 1.
Influence of mass ratio CaO/P,Os and duration of the process on the degree of precipitation
MacCOBOE COOTHOLICHUE Crernenp TPEIMIUTHPOBAHUA B TEUCHHE Tpolecca (M_I/IH)_ HeﬁTpanH3aunn
Mass, correlation CaO/P;0s Precipitation degree during of process neutralization (min)
30 60 90 120 180 240
0,9 54,70 70,84 73,85 75,20 80,55 86,46
1,0 58,42 77,60 80,46 82,05 87,60 90,66
1,1 60,16 78,20 81,15 80,80 87,00 90,00
1.2 60,22 76,36 82,00 80,76 87,30 90,88
Cp0., % CTeNeHb NpEelUIUTHPOBaHus paBHsieTcs 78,20%,
4 3aTreM B TeueHue 180 MUH CTeNneHb NMPEenUNIUTHPO-
0 - BaHUs yBenmuuBaeTcs Bcero 12%.
Ha ocHOBEe ONBITHBIX [aHHBIX MOXHO
7 g, N [Ca(H,PO,). OINPENEIIUTE  ONTUMAIIBHBIE  TEXHOJIOTHYECKUE
6 T YCIIOBUS 7S TIOJIYYEHHUS MaKCHUMalbHON CTEIIEHU
f:: B} b N [C“(H;foi;;g:;]] npequnuTupoBanud. K 3TUM TEXHOJIOTMYECKUM
1 YCJIOBHSIM OTHOCSITCSI:
) P [CaHPO, - 1,0] — MPOJOJDKUTEIBHOCTD Mporiecca 60 MuH;
- = — Temnepatypa 65 °C;
2 — CaO/P;05=1,0;
- / Cao, % — B cucrteMe koHIieHtpanus P>Os paBHs-
V > ercs 10,5%.
foos s s B ocHoBe mporecca MpENUIHTHPOBAHMS
Pucynok 3. Jluarpamma —mpolecca — OCKJICHHs nukanbpimiiocdaTa JISKAT TuarpaMmma COCTOSTHUS

nmukanenuiigochara u3 pocpopHoit kucmore: OE —
crabunpHas © ML — MetacTabninbHas BETBU H30TEPMBI
cucreMsl CaO-P>05-H;O mpu 65 °C; KT — BerBb
pactBopumoctu CaHPO4 B cucteme CaO—P.0s—H>0
IIPY COOTBETCTBYIOLICH TeMIeparype

Figure 3. Diagram of the deposition of dicalcium
phosphate from phosphoric acid: OE-stable and ML-
metastable branches of Cao—P,0s—H0 system isotherm
at 65 °C; KT — branches solubility in CaO-P,0s-H20
system at the appropriate temperature

Kak BuaHo u3 Tabmuipl 1, HE3aBUCHMO
OT IIPOJOIKUTEILHOCTH MPOIIecCca HEUTpATH3aIluN
JUIST TIPOBEJICHUS TIPOIecca MPEIUMTUTHPOBAHUS
npu Temreparype 65 °C MaccoBoe COOTHOIIIEHHE
noipkHo ObITE CaO/P; Os = 1,0, T.X. ero nanpHeiee
yBEJNMUYEHNE PAKTHYECKU HE BIIMSET Ha TPOIIECC,
JIa’Ke B HEKOTOPBIX CIIyJasiX YMEHBIIAETCS CTENEHb
MPEUITUTHPOBAHHSL.

B ycnoBusix coornomennit CaO/P; Os = 1,0
B Teuenue 240 MUH Mporiecca CTeIeHb MTPEIUIITH-
poBanus paBasercsa 90,66%. A mpu 60 MuHyTax
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cucremMbl CaO—P>0s-H>0O. Ha ocHoBe momy4eHHBIX
JIAHHBIX MOCTPOCHA JUarpaMMa COCTOSTHHUSI CHCTEMBI
CaO-P; Os—H0 (pucynoxk 3).
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OTIpeZIeNIEHO, YTO Ha CYMIECTBYIOMIEH KOPOTKOM
TEXHOJIOTHUYECKOM cXeMe C MOMOIIIBIO PeTyIupoBa-
HUSl COOTHOIIEHUS MOHO- W JuKajbiuiidochaTa
ONTUMAJBHBIMU TEXHOJOTUIECKUMH yCIIOBHSIMH
MOTy4YeHus cynepdocdara sBISFOTCS HIDKECTEAYIO-
pe: HopMa cepHoii kucinoTel Ha 100 macc. amaTtura
70 Macc. KOHIIEHTpalMu cepHOW KHCIoThl 60%;
KOJIMYECTBO IYJBIEI cynepdocdara A UCIONb-
3oBanus npeuunutupoBanus 30-50% ot oOrieit
Macchbl, KOHIEHTPAILUSl CYCHICH3HH DPaKyIIeYHHKA
c cogepxanuem 45% CaO. Ilpu 3Tom He TpedyeTcs
CKIIQJICKOE JIO3pEBaHME KaMEPHOTO MPOIYKTa
JUTSL UCTIOJIb30BaHMS ITH TPAHYIISIINH.

3 TI'azBurn K.A. OrnbiTHOE HCClIeOBaHUE KUHETUKH
nporiecca pasioxeHust pocdara / Jko DHereTuka HayqHO-
TexHu4eckuii xypHai. 2017. Ne 3. C. 54-58.

4 Atkins P.W., Overton T.L., Rourke J.P., Weller M.T.
et al. Shriver and Atkins Inorganic Chemistry, Fifth Edition.
New York: W.H. Freeman and Company. 2010. 824 p.

5 Schrodter K., Bettermann G., Staffel T., Wahl F.
et al. Phosphoric Acid and Phosphates // in Ullmann’s
Encyclopedia of Industrial Chemistry. Weinheim: Wiley-
VCH, 2008. doi: 10.1002/14356007.a19_465.pub3



Becmuux BTYHIIT/Proceedings of VSUET, IIT. 80, Ne 4, 2018

6 Childers D.L., Corman J., Edwards M., Elser J.J.
Sustainability Challenges of Phosphorus and Food:
Solutions from Closing the Human Phosphorus Cycle //
Bioscience. 2011. No 61. P. 117-124.

7 Mayer B.K., Baker L.A., Boyer T.H., Drechsel P. et al.
Total value of phosphorus recovery // Environ. Sci.
Technol. 2016. V. 50. P. 6606-6620.

8 Peng L., Dai H, Wu Y., Peng Y. et al. A
comprehensive review of the available media and
approaches for phosphorus recovery from wastewater //
Water Air Soil Pollution. 2018. V. 229. P. 115. doi:
10.1007/s11270-018-3706-4

REFERENCES

1 Ibragimova S.M., Alosmanov M.S. Study of the
process of extracted phosphoric acid using new raw materials.
Azerbajdzhanskij himicheskij zhurnal [Azerbaijan Chemical
Journal]. 2014. no. 4. pp. 90-92. (in Russian).

2 Gasanov AA., Ataev MSH. Gazvini KA.
Investigation of the kinetic patterns in the use of microelement
containing volcanic ash in the production of superphosphate.
Nauka, tekhnika i obrazovanie [Science, technology and
education]. 2016. no. 6 (24). pp. 24-26. (in Russian).

CBEJEHHUS Ob ABTOPAX
M B. I'anbapoB crapiiuii KOHCYJIbTaHT, MUHHCTEPCTBO IKOJIO-
THH U IPUPOIHBIX PecypcoB, I. baky, AzepOaiimkanckas Pecmy0-
nka, mirsalam.ganbarov@mail.ru
M III. ATaeB K.T.H., IOLEHT, Kadeapa HehTeXuMHUIECKOH TEXHOTIO-
TMH W TPOMBIIUICHHOH SKonormd, AsepOaiimxanckuii ['ocynap-
crBeHHbIl YHuBepcuter Hedru u [Ipomeimnennocty |, 1. baky,
Asep0aiimkanckas PecriyOnnka, matlab.atayev@gmail.com
K A. I'a3BuHH 10KTOpaHT, Kadenpa Heh TEXUMUIECKOH TEXHOIIO-
THH ¥ MIPOMBINIICHHOHN 3Koyiorun, Asepbaiimkanckuit ['ocynap-
ctBeHHbIl YHuBepcuteT Hedru u [Ipompimuriennocty, 1. baky,
Asep6aitkanckas Pecry6iika, gazvini@bk.ru
KPUTEPUI1 ABTOPCTBA
Bce aBTOPHI B paBHOﬁ CTCIICHU IIpUHUMAJIMA Y4aCTUC B HallMCaHUU
PYKONIHMCH X HECYT OTBETCTBCHHOCTH 3a IJIaruat
KOH®JIUKT UHTEPECOB
ABTOpEI 3asBIITFOT 00 OTCYTCTBHH KOH(IMKTAa HHTEPECOB.
MMOCTYIINJIA 16.05.2018
MPUHSTA B ITIEYATD 08.08.2018

Jlnst csi3m ¢ penakuueit: post@vestnik-vsuet.ru

3 Gazvini K.A. Experimental study of the
phosphate decomposition kinetics. Ehko ehnegetika
nauchno-tekhnicheskij zhurnal [Eco Energy, Scientific and
Technical Journal]. 2017. no. 3. pp. 54-58. (in Russian).

4 Atkins P.W., Overton T.L., Rourke J.P., Weller M.T.
et al. Shriver and Atkins Inorganic Chemistry, Fifth Edition.
New York, W.H. Freeman and Company. 2010. 824 p.

5 Schrodter K., Bettermann G., Staffel T., Wahl F.
et al. Phosphoric Acid and Phosphates. In Ullmann’s
Encyclopedia of Industrial Chemistry. Weinheim, Wiley-
VCH, 2008. doi: 10.1002/14356007.a19_465.pub3

6 Childers D.L., Corman J., Edwards M., Elser J.J.
Sustainability Challenges of Phosphorus and Food:
Solutions from Closing the Human Phosphorus Cycle.
Bioscience. 2011. no. 61. pp. 117-124.

7 Mayer B.K., Baker L.A., Boyer T.H., Drechsel
P. et al. Total value of phosphorus recovery. Environ. Sci.
Technol. 2016. vol. 50. pp. 6606-6620.

8 Peng L., Dai H.,, Wu Y., Peng Y. et al. A
comprehensive review of the available media and
approaches for phosphorus recovery from wastewater.
Water Air Soil Pollution. 2018. vol. 229. pp. 115. doi:
10.1007/s11270-018-3706-4

INFORMATION ABOUT AUTHORS
M B. Ganbarov senior consultant, Ministry of ecology and natu-
ral resources, Baku, Azerbaijan Republic, mirsalam.ganba-
rov@mail.ru
M Sh. Ataev Cand. Sci. (Engin.), associate professor, petrochem-
ical technology and industrial ecology department, Azerbaijan
state University of oil And Industry, Baku, Azerbaijan Republic,
matlab.atayev@gmail.com
K A. Gazvini doctoral student, petrochemical technology and in-
dustrial ecology, Azerbaijan state University of oil And Industry,
Baku, Azerbaijan Republic, gazvini@bk.ru

CONTRIBUTION
All authors equally participated in the writing of the manuscript and
are responsible for plagiarism

CONFLICT OF INTEREST
The authors declare no conflict of interest.

RECEIVED 5.16.2018
ACCEPTED 8.8.2018

315



