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OcHoenoii 3a0aueii 0aHHOU padomol A6aAemcA 000CHOBAHIUE ONMUMATILHO20 MEXHOI0ZUYe-
CK020 pexcuma npou3eo0Ccmea HUMpPOAMMOPOCKU C YPAGHOBEULEHHBIM COOEPHCAHUEM NUMAMEIbHbIX
eeujecme. B cmamve na npumepe azomuo-ghocpopro-kanuiinozo yooopenua mapku 17:17:17 npeo-
CMaeneHvl pe3yibmamol UCCIe008aAHUA 3AGUCUMOCHII XUMUYECK020 U (Pa308020 cocmaesa, a maksice
CMPYKmypol U U3UKO-MEXAHUUECKUX XAPAKMEPUCMUK ZPAHYIUPOGAHHBIX 00pA3108 Om CmeneHu
Hellmpanusayuu RPOMbIUACHHOU IKCMPAKYUOHHOU (OCPOPHOI KUCIOMbL AMMUAKOM, BbIPANHCEHHOIL
3nauenuem monbvnozo omnouienusn [NHz]:[H3POq]. IIpusedenst memoouku cunmesa, Zpanyiuposanus
U uzyueHusa ceoiicme oopazyoe yooopenuil. OmmeueHvl 0COOEHHOCHU RPOUECCA ZPAHYIUPOBAHUA YOO O-
DPeHUil, NONYYUEHHBIX C PA3TUYHOI CIMENeHbI0 HellmpPanu3auuu: 00pazybl ¢ MoJIbHbIM OMHOUIEHUEM OM
1,0 00 1,2 nanunaiom na cmenku 2panyaamopa, o0pazysa KPynHole aznomepamot U3 OmoeabHblX 2PAnyJi;
npu yeenuueHuu MoabHo20 omHouwlenus oonee 1,2 u evluie nadaooaemes cmadunuzayus npoyecca zpa-
HYIUpO6anus, 00pasylomca panyivl O1U3Kol K cihepuunoil popmol; npu 3HAYEHUAX MOTbHO20 OMHO-
wenus 6onee 1,6 nonyuennole 2panyibvl HAUUHAIOM UHMEHCUGHO UCHUPAMbCA MeHCOY CO00Il 8 mapenke
epanynamopa. Onpeodenenvt 3HaAUEHUA CMAMUYECKOI NPOYHOCIMU U CPEOHe20 Ouamempa pamyi, cie-
Jcusaemocmu u KoIhuyuenma cuzpockonuyHocmu 0opasnoe yooopenuil. Ilpeonoiceno oovacuenue
HOMUIKCIMPEMATBHO20 XAPAKMEPa 3d6UCUMOCHIEIl C8OIICIE YOOOPEHUIL OM CHEeneHU Hellmpaiu3ayuu.
Buinonanen xonuuecmeennwtii peHmzenoQazoevlii ananiu3 KpucmaniuyecKkou hasvt npu pa3nuunoil cme-
nenu neumpanuzayuu. Onucana 3a8UcCUMOCMb UIMEHEHUA (PaA306020 COCMABA KPUCMAIIUYECKOIL Ya-
cmu yooopenuii npu yeenuuenuu cmenenu neiumpanusayuu. Ilokazano enuanue npumeceil, 6HOCUMBIX
C IKCMPAKYUuonHo hocghopuoil kuciomoi, na Koagpguyuenm 2uzpocKoOnUYHOCH U YOOOpenuil, u3mensb-
yeHHbIX 00 cocmoanusa nopouika. Ilpeocmasnenvt muxkpogpomozpaghuu cxonoe zpanyn. Ilpeonoswcenst
OnMuMaIbHble 3HAUeHUA MObHO20 omHuowenua [NHs]:[H3;PO4] npu nonyuenuu naubonee éocmpeodo-
eannvlx yooopenuit mapxu 17:17:17.
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CTaB, GU3UKO-MEXaHUYECKHUE CBOMCTBA, CTPYKTYpa I'paHyJl, CKAHUPYIOILAs 3JIEKTPOHHAS MUKPOCKOIIHS
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The main task of this work is to substantiate the optimal technological regime for the pro-

duction of nitroammophoska with a balanced content of nutrients. In the article, using the example
of nitrogen-phosphorus-potassium fertilizer grade 17:17:17, the results of a study of the depend-
ence of the chemical and phase composition, as well as the structure and physical and mechanical
characteristics of granular samples on the degree of neutralization of industrial extraction phos-
phoric acid with ammonia, expressed by the value of the molar ratio [NH3 |: [H3PO4]. Methods for
synthesis, granulating and studying the properties of fertilizers samples are described. The features
of the granulation of fertilizers obtained with varying degrees of neutralization are noted: samples
with a molar ratio of 1.0 to 1.2 stick to the walls of the granulator, forming large agglomerates of
individual granules. When the molar ratio increases more than 1.2 and higher, the granulation
process stabilizes, granules of a close to spherical shape are formed. At values of the molar ratio of
more than 1.6, the obtained granules begin to intensively abrade together in the granulator drum.
The values of static strength and average diameter of the granules, caking and hygroscopic coeffi-
cient of fertilizer samples are determined. The explanation of polyextremum nature of the fertilizers
properties dependence on the neutralization degree is proposed. A quantitative X-ray phase analysis
of the crystalline phase was performed. The dependence of the change in the phase composition of
fertilizers with an increase in neutralization degree is described. The effect of impurities introduced
with wet phosphoric acid on the hygroscopicity coefficient of fertilizers milled to a powder state is
shown. Microphotographs of chipped granules are presented. The optimal values of the molar ratio
[NH;]:[H3;PO,] upon receipt of most demanded fertilizers of the brand 17:17:17 are proposed.

Key words: mineral fertilizers, ammonium nitrate, physical and mechanical properties, granule structure,

scanning electron microscopy

BBEJEHUE

Obecrieuenre BHICOKOTO KadyecTBa W COXpaH-
HOCTH HOTpe6I/ITeHBCKI/IX CBOMCTB MHHEPAJIbHBIX
ynoOpeHuil mpu HMX XpaHEeHHH U TPaHCIOPTHPOBKE
IPE/ICTABIIET O4YeHb BAXKHYIO 33j1ady, KOTOpas pera-
eTcsl KOMIUIEKCHO 3a CYET HCIOJIb30BAaHHUS COOTBET-
CTBYIOIIMX CBIPbEBBIX KOMIIOHEHTOB, BHIOOpa OITH-
MaJIbHOT'O TEXHOJIOTHYECKOTO PEXXHMa MTPOU3BO/ICTBA,
NPUMEHEHUS Pa3UUHBIX MOJU(PHULIUPYIOIUX U KOH-
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TUITAOHUPYIONTUX JT00aBOK, 00paOOTKM TpaHyJN IO-
BEPXHOCTHBIMH KOHAWIMOHEPAMH, OpraHU3alMU CH-
cTeMbl 3 (GEKTUBHOTO KOHTPOJISI Ka4ecTBa, U JAPYTHX
MEPOIPHUSITHH.

METOAUKA SKCIIEPUMEHTA

B nanHoii paboTe Ha mpumepe OAHON U3
Hauboliee PacIpOCTPAHEHHBIX W IPEJCTaBUTEIHHBIX
mapok NPK-ynobpenwuii ¢ conepxkanuem N:P,Os:K,0O
= 17:17:17 uzydanace 3aBUCUMOCTb (PH3UKO-XUMHYE-
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B.M. Konmnakos u np.

CKHX M CTPYKTYPHO-MEXaHHYECKHUX CBOHCTB MPOIYK-
TOB OT CTETIEHN HeWTpanu3auuu GochopHON KUCIOTEHI,
BBIpaKEHHON MOJbHBIM oTHOIIeHHEeM [NH;3]:[H3PO4]
(MO). st 5TOTO B TaOOPATOPHBIX YCIOBUSAX UCCIIEH0-
Batenbckoro neHrpa AO « HUYU®y» 6bimu momydeHs
COOTBETCTBYIOIINE 00pa3Lbl.

B xauecTBe HCXOAHBIX KOMIIOHEHTOB MCIIONb-
30BaJIICh YIMapeHHas AKCTPaKuHOHHAS (ocopHas
kucnora (QDK), azoTHas kucnora («X.4.»), cyabdar
ammonus (CA) texunueckuit, xmopun kanmus (XK) ra-
nyprudeckuii. OOK u azotHy0 Kucnoty (AK) ¢ 3aman-
HBIMH KOHIICHTPAIIUSIMH B PAaCUYETHBIX KOJIWYECTBAX
aMMOHHM3HPOBAJIH Ta3000pa3HbIM aMMHAKOM B CTEK-
JITHHOM PEaKTOpE C MEIAIKOM.

[Iporecc aMMoOHM3aIMK KOHTPOJIMPOBAIH C
noMoIibo noHoMepa «dkcnepr-001» ¢ KoMOUHUPO-
BaHHBIM pH-351ekTpoIOM IyTEeM MEepHOIUUECKOTO OT-
Oopa u aHanm3a MPoO HEHTpaIM3yeMOoU CyCIEeH3WH.
MO B mysbIe ONPEEISUIN B COOTBETCTBUU C METOIU-
koi [1]. ITocne HeHTpanu3auu sl CO3/IaHus B TIPO-
IyKTe HEOOXOIUMOTO COOTHOIIEHHS ITHTATEIbHBIX
aneMeHTOB B myJbily BHOcwiIn CA, 3atem XK. Iony-
YEHHYIO MYJIbITY YIIApUBAJIHM HA BOASHOW OaHe U J0CY-
muBaiy B cynruibHOM mkady. Cyxoi Matepuan u3-
MEJThYAIH JI0 COCTOSHUS MOPOIITKA C Pa3MEPOM YaCTHI]
Menee 0,5 MM, KOTOPBIM TpaHyIUPOBAIH C UCIIOIH30-
BaHMEM JIAOOPaTOPHOTO TapeIbyaToro rpaHysTopa.

['paHymBI BRICYIIMBAIIFICH B CYIIMIBHOM MKy
npu Temneparype 60-63 °C 10 0CTaTO4HOI BIaXXHOCTH
0,4-0,5%. Ilocne cymku onpenensuii rpaHyJIOMETpH-
yeckuit coctas u MO.

Onpenenenne CTaTHUECKOM MPOYHOCTH OCY-
LIECTBJISUIOCH B COOTBETCTBUM C [2] ¢ MpUMEHEHHEM
npudopa UIIT-1M.

Onpenenenue rpaHyIOMETPUIECKOIO COCTaBa
OCYIIECTBIISIOCh B COOTBETCTBHU C METOIUKOU [3].
AHaJNOTHYHBIE CIIOCOOBI OIPENEICHNUs CTaTUYeCKOU
MIPOYHOCTH M TPAHYJIOMETPUYECKOTO cocTaBa o0Opas-
OB y1I00peHUil IpeicTaBieHsl B paboTte [4].

Omnpenenenue ciaexNBa€MOCTH 00pa3LoB OCy-
MIECTBISUIOCH C MIPUMEHeHHeM pa3paboraHHoi B AO
«HUY U Dy meTonuku s TpaHysl THaMeTpoM OT 2 110
4 mm [5].

OrneHka TUTPOCKONMMYHOCTH OCYIIECTBIISIACH
ompezeneHrueM K03 PUIHEHTa THTPOCKOTUYHOCTH (})

(MOJ]szo) [6]
Wy W,
y=————=<In (— — 1)

11 (2W, — W) Wy
3navyeHne koapduimenTa THrPOCKONTMYHOCTH
onpenensuin ¢ ucnoins3oBannem BINDER KBF 115
npu Temrneparype 25 °C 1 OTHOCUTENHHON BIaKHOCTH
Bo3ayxa 80% mns rpanyn pasmepom 3,00-3,15 mm u

Kr-4
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JUTSL I3MENbYEHHOTO TTpomykTa Gpakmueit 0,25-0,50 mm.
O6pas1pl paBHOMEPHO pachpeessUINCh Ha JHE YallleK
[erpu quamerpom 40 MM 1 BbicoTol 10 MM B OJTHH CJTOM.

KonmdecTBeHHBINH peHTreHO(a30BbI aHATN3
00pasIoB BHIMOTHEH HA IIOPOITKOBOM ITH(paKTOMETpE
«XRD 7000 Maximay (Shimadzu, Slnonus) ¢ ucnomnb-
30BaHMEM OE€33TAJIOHHOTO TMOJHOMPOPUILHOTO aHa-
nu3a Pursensma [7, 8]. Jua yrouyHeHHs] HaHHBIX HC-
nmoip3oBajack mporpamma SiroQuant, Bepcust 4.0
(Sietronics Pty Ltd). B xauecTBe MCXOIHBIX TaHHBIX
IUISl yTOYHEHUS UCTIOIb30BAaHBI MOJETN KPHUCTAIIIH-
YEeCKHUX CTPYKTYp, B3SAThle U3 0a3sl JaHHBIX
Crystallography Open Database (COD).

[Ipu pacuere copepkanus (a3 HaATHIUE PEHT-
reHoaMOp(HBIX KOMIIOHEHTOB HE YYHTHIBAIOCH, T.€.
KOJMYECTBCHHBIN ()a30BBIA aHAIU3 NPEJCTaBIICH
TOJIBKO JUIsI KPUCTAJUIMYECKOW COCTaBIISIIONIEH 00pa3-
oB. Cnemyer Tak)kKe OTMETUTb, 9TO B PE3YJIBTATE MPO-
OONOATrOTOBKH 00pa3IOB BCIIEACTBAE MEXaHOAKTHBA-
UM BO3MOXKHO MPOTEKaHNE KOHBEPCHOHHBIX TBEPO-
(ha3HBIX B3aUMOJICHCTBHIA MEXIY COEIUHEHUSIMH,
BXOJISIIIMH B COCTaB ynoOpenuii [9].

PE3VJIBTATBI U X OBCYXJIEHUE

B Tabauie npeactaBieHbl pe3yabTaThl ONpe-
JEeNICHUs CTaTUYECKOW MPOYHOCTH TPaHysl, CPEIHETO
IraMeTpa TpaHyJ, CIeKUBAEMOCTH M KO3 QHuureHTa
TUTPOCKOITUYHOCTH JIabopaTopHbIX 00pa3moB NPK-
ynobpenunii mapku 17-17-17, momydeHHBIX TPH pas3-
JUYHOM 3HadyeHuu MO.

Taonuua
PesyabTaTsl onpeaeneHusi GU3NKO-MeXaHNYECKHUX
cBoiicTB 00pasunoB NPK-yno6pennii
Table. The results of determining the physical and me-
chanical properties of NPK fertilizers samples

DU3NKO-MEXaHUUYECKHE CBOMCTBA
MO 61072, A
P, Mlla | d, mm klla  |(MmoasH20)/(xr 1)
1,028,10+0,30{2,71+0,15|5,99+0,30 3,56+0,17
1,20/7,09+0,30{2,51+0,15|2,53+0,10 3,53+0,17
1,30(8,79+0,30(2,70+0,15|1,83+0,10 3,58+0,17
1,45|8,03+0,30(2,70+0,15|3,22+0,16 3,54+0,17
1,51/7,50+0,30{2,98+0,15|4,12+0,20 3,68+0,17
1,60/7,96+0,30{2,96+0,15|2,09+0,10 3,51+0,17
1,65/7,50+0,30(2,80+0,15|2,32+0,10 3,44+0,12
1,7216,78+0,30|2,66+0,15|2,75+0,10 3,39+0,12
1,81/7,02+0,30{2,59+0,15|3,23+0,16 3,81+0,17
[Ipumeuanwue: P - craTnueckas npoYHOCTb rpany, d - cpeaHui
JMaMETp TPaHyll, G - CIEKUBAEMOCTb, Y - KO HUIHEHT rur-
POCKOIIMYHOCTHU
Note: MO - molar ratio [NH3]:[H3sPOs], P - the static strength
of the granules, d - the average diameter of the granules, ¢ -
caking, v - the hygroscopicity coefficient

z

O |0 [Q[N|N R[N |—
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JlaHHbIE, TpelnCcTaBICHHBIE B TaOJUIE, KOC-
BEHHBIM 00pa30M MOATBEPKIAIOT HAOIIOICHHS, OTME-
YeHHBIE B Mpoliecce TpanyaupoBanusi. OcoOeHHO ciie-
IyeT oTMeTHuTh pocT d B mHTepBase 3HaveHnit MO ot
1,2 mo 1,6, 9TO MOXKET OBITH CBS3aHO C YBEIHYECHHEM
COBMECTHOM pacTBOPUMOCTH MOHO- U JTUAMMOHUH-
tdocthara (JAD) B maHHBIX YCIOBUSAX H, COOTBET-
CTBEHHO, IIOBBILIEHUEM IUTACTUYHOCTH MaTepHaa.

Ha ocHoBaHMM NaHHBIX, MpPEICTABICHHBIX B
TabJHIe, MOXKHO ONPEEeNTUTh ONTUMANIbHBIE (C TOUKU
3peHHs Ka4deCTBCHHBIX IIOKa3aTeled I'paHyIHpOBaH-
HBIX ynoOpenwnii) 3Haderns MO mist NPK-ynobpenus
Mapku 17:17:17. HaumeHblne 3HaYeHUs CleKUBae-
MOCTH U HauOOJIbIlIee 3HaU€HHE CTATHYECKON MTPOYHO-
CTH I'paHyJ1 HaOJIIOJAIOTCS y MPOAYKTOB, MIOJIyYCHHBIX
npu MO 6nuskom k 1,3 u 1,6. Haumenbiiee 3HaueHue
k03¢ pulIeHTa TITPOCKOITUYHOCTH OTMEUYEHO ISl 00-
pasta ¢ MO omu3kum k 1,7.

Jpyrumu uccnenoBaTens MU OTMeYascs CI0X-
HBIi, MOJIMAKCTPEMAJIbHBIA XapaKTep 3aBUCUMOCTEN Ka-
YEeCTBEHHBIX MOKazaTtener ynoopenuit or MO [10-13].
B pa6ore [10] ycTaHOBNIEeH MOAOOHBIH THI 3aBUCUMO-
CTH TIPOYHOCTH OpuKeTa Ha pa3pbiB oT MO st 6e3-
HutpaTtHeix NPK-ymoOpenuit mapok 13:13:13 u
12:16:16. Hampumep, ms mapku 13:13:13 npouHocTs
OpurKeTa Ha pa3pbIB CHUXKAETCS 10 MUHUMYyMa IIPH J10-
ctmxeHuu MO = 1,2, 3aTeM MOBBIILIAETCSA IPU TOCTH-
skeHun MO = 1,3 u cHOBa CHUXAeTCsl P JajbHEU-
IIeM YBEJTHMYEHUHU CTENeHH HelTpanu3auuu. ABTOPHI
CTaTbu OOBSCHAIOT JAHHBIA (aKT WU3MEHEHUSIMH B
KPUCTAJUIMYECKON CTPYKType IBOMHON coJM BHUAA
K2«(NH4)xSO4-zH,0, T1ie 3HaueHne x 3aBUCUT OT KO-
JMYECTBA MPUCYTCTBYIOIINX MOHOB KaJlUsl M YPOBHS
pH obpasua ynoOpenus. IloBplmieHne ciexuBaeMo-
CTH, KaK CUMTAIOT aBTOPbI, IPOSBISETCS MPEUMyILe-
CTBEHHO H3-32 YBEJIMYEHHS KOJMYECTBAa JTAHHOTO CO-
€JMHEHHUS U €ro CTPYKTYphl. YeM BhIllle 3HAaUEHHE X B
CTPYKTypHOH (hopMmysie coennHeHus: (MEHbIIE HOHOB
KaJiusl), TEeM BBIIIE CKJIOHHOCTh K CIIEXKHBAEMOCTH
yaoOpeHus.

1o namemy MHeHwMIO, 471 Mapku 17:17:17 mo-
JUB3KCTPEMANIBHBIN XapaKTep 3aBUCUMOCTEH CBONCTB
ynooperuii oT MO 00BsICHACTCS BIUSHHUEM H3MEHE-
HUSI XUMUYECKOTO COCTaBa, a TaKXKe CTPYKTYphI 00pa-
3YIOLIUXCS TpaHyl.

UzBectHo [6, 14-18], uTO HCXOMHBIE KOMIIO-
HEHTHI CJIOKHBIX MUHEPAITBHBIX Y0OPEHHI BCTYIAIOT
B KOHBEPCHOHHBIE B3aUMOJENCTBHA APYT C IPYrOM C
oOpa3oBaHreM XJjopuaa aMMOHHUS (XA), pa3IHuHBIX
JIBOMHBIX COJIEl U TBEpIBIX pacTBOpoB. 1o pesynbra-
TaM PEeHTreHo(a30BOT0 aHajIu3a HaMU OBbLT MPOBEACH
pacuet conep:kanusi komnoHeHtoB (C) B cocTaBe uc-
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clexyeMbIx oopasnoB ynoopenuit. Ha puc. 1 n3obpa-
*eHa 3aBucuMocTh C oT MO B KpUCTaJIIIMUECKOH co-
craBisitomiedi  Hutparconepxkamux NPK-ymnobpennit
mapku 17-17-17. Tlo naHHBIM, TIpEeACTaBICHHBIM Ha
puc. 1, MOXKHO cAeNaTh CIEeIyOUINE BBIBOIBIL:

1. OcHoBHEIME (Da3amu UCCIIEIYyEMBIX 00pas3-
OB yO0OpeHwii ABISIOTCS XA, coepkaHue KOTOPOTo
MIpaKTHYeCKH HEe HM3MeHseTcs ¢ poctom MO, JJAD,
JI0JI1 KOTOPOTO HETIPEPBIBHO PACTET C YBEIMUECHUEM
MO, u pa3nu4HBIX ABONUHBIX COJEH U TBEPIBIX pac-
TBOPOB: (Ko,952(NH4)0,048)NO3, (Ko,37(NH4)o,63)H2POs,
2KNO3'(NH4)2SO4, (K0,70(NH4)0,30)2SO4. HpI/IcyT—
CTBHE JTaHHBIX COCIMHEHHH OBIJIO TaKXke MPeACTaB-
neHo B padore [19].

2. OOmee conmepkaHue NBOMHBIX COJNEd U
TBEPJbIX PACTBOPOB CHIKACTCS NMPHU YBEIMUEHUH CTe-
MIEHU HEWTpalu3allu BCIEACTBUE YBETUUEHUS COAEp-
)kaHusa JA®, npakTHuecKd HE BCTYMNAOLIEro B KOH-
BEPCHOHHBIE B3aUMOJIEHCTBHUS.

40
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Puc. 1. 3aBucrMocTh (ha30BOTO COCTaBa KPHCTAILUTAYECKON COCTABIISIIO-
m1eit maboparopHsix 00pasnoB NPK-ynoOpenwnit mapku 17:17:17 ot
MO: 1 — (Koos52(NHa4)0,048)NO3; 2 — (Ko,37(NHa)o,63)H2POs; 3 — NH4Cl;
4 —2KNOj3°(NH4)2SO4; 5 — (NH4)2HPO4; 6 — (Ko,70(NH4)0.30)2SO4
Fig. 1. The phase composition dependence of the crystalline component
of laboratory samples of NPK fertilizers brand 17:17:17 on molar ratio
[NH3]:[H3PO4]: 1 — (Ko,952(NHa4)0,048)NO3; 2 — (Ko,37(NH4)0,63)H2POs;
3 — NH4Cl; 4 — 2KNO3+(NH4)2S04; 5 — (NH4)2HPO4;

6 — (Ko,70(NH4)0,30)2SO4

O06pa3oBaHue JBOWHBIX COJIEH M TBEPBIX pac-
TBOPOB MPHUBOJUT K CHMYKEHUIO TUTPOCKOMUYHOCTU U
CleXuBaeMocTu yaoopenuit [6]. C apyroil CTOpOHHI,
110 TaHHBIM puc. | BuIHO, 9TO ¢ pocToM MO ymeHb-
maercs cojiep)kaHue 00Jee TMTPOCKOITUYHBIX COEIH-
HEHUH (B TOM YHCJIe U HUTPATCOJEPIKAIINX) U, HAUH-
Has co 3Hadenust MO Ommskoro k 1,45, B cocrase
yIOOpEHNH MOSBISIETCA MaJOTUTPOCKONUYHBIA CyITb-
(haT Kamus-aMMOHUS, JIOJISI KOTOPOTO YBEIIMYUBACTCS C
poctoM ctenieHn HedTpammanmu DDPK. Hago Taxxe
YUHUTBIBATh, YTO 3aBUCUMOCTb T'MTPOCKONMYHOCTH
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(hochaTroB aMMOHUS OT KUCIIOTHOCTH UMEET HEJTMHEH-
HBII XapakTep ¢ JOCTHKCHUEM MUHUMYyMa IIPH 3Haue-
o pH = 6 (MO = 1,4) [6]. CodyeTanue u B3auMHOE
HAJIO)KEHHE ATHUX (PAKTOPOB BO MHOTOM OTNpEACISIET
MOJMAKCTPEMANBHBIN XapakTep 3aBUCUMOCTH THUTPO-
CKONUYHOCTH M CIEKUBACMOCTH T'PaHyJINPOBaHHbIX
NPK-yno6pennit mapku 17:17:17 ot MO.

Kpome Toro, Ha 3TH CBOICTBa TakKe OKa3bl-
BAIOT BIMSIHUE HE OOHApYyKMBa€Mble METOJJOM PEHTI€-
HO(a30BOTO aHATN3a MPUMECHBIC cCoeTuHeHus PTopa,
Kele3a, ATIOMUHHSA, KaJlbIMs | TIp., YTO TaKKe OTMe-
4aJioch B [6], KOTOpble MOTYT 00pa30BBIBATH Pa3i4-
HBIE KOMIIIEKCHBIE COJIH B 3aBHCUMOCTH oT MO. Jlis
MOITBEPKIACHHS 3TOTO (haKTa HaMHU OBLIIM OIIPEICIICHBI
3HAYCHUS KOA(PPUIMEHTA THTPOCKOITUYHOCTH s 00-
pasioB NPK-ynobpennit mapku 17:17:17, momy4en-
HBIX pa3JIM4YHbIMU cnoco0aMu U U3MEIbUYEHHBIX J0 CO-
CTOSTHUS TopoIka ¢ pazmepoM gactull 0,25-0,50 mm.
ITo mepBomMy ciocoOy ymoOpeHns ObLIN MTOTyIeHBI Y-
TeM HedTpanm3auu cmecu AK u ymapernoit OOK am-
MHAaKOM, 110 BTOPOMY - ITyTeM COBMECTHOM TMEepeKpH-
CTaJUIA3allMM CMECH YMCTBIX PEaKTUBHBIX coyied. Ha
puc. 2 n300pakeHbI 3aBUCUMOCTH KOA(DHUIINEHTA TUT -
POCKONMYHOCTH NOpoIKa yaoopenuii ot MO.

17

16

15

v, (MonmsH,O)/(kr-1)

13 —

1,2 1,4 1,6 1,8

MO, MOJIb/MOIB

—_

Puc. 2. 3aBucumMocTb K03 bHIEeHTa THTPOCKONTMYHOCTH 10~
pomka ynoopenuit Mapku 17:17:17 or MO: 1 — oOpa3us! nory-
4eHs! ImyTeM Heifrpamusanun cMecn AK u ynapenHoit 90K am-
MHaKoOM; 2 — 00pa3ILibl HOJIyYCHBI TyTEM COBMECTHOM MEepeKpH-

CTaJlIM3allui CMECH YUCTBIX PEAKTUBHBIX coJiei
Fig. 2. The hygroscopicity coefficient dependence of the fertilizer
powder of the brand 17:17:17 on molar ratio [NH3]:[H3PO4]: 1 — sam-
ples were obtained by neutralizing a mixture of nitric acid and wet
phosphoric acid with ammonia; 2 — samples were obtained by
joint recrystallization of a mixture of pure reactive salts

XapakTepbl 3aBHCHMOCTeH ko3 dunmeHTa
TUTpOCKONMUYHOCTH 0T MO 117151 I3MENbYSHHBIX 00pa3-
IIOB yI0OpEeHUH, MOTYyUYEeHHBIX U3 YUCTHIX COJICH U 13
OOK, cuibHO pa3NuyaroTcs MEXIy coboit (puc. 2),
YTO MOXKHO OTHECTHU K 3HAUYUTEIHLHOMY BIUSHUIO MPU-
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MECHBIX CoenuHeHnH. 3HaueHne Kod(pQuImenTa rur-
POCKOIIMYHOCTH H3MENbYEHHBIX 00pa3LoB yHoOpe-
HUH, nony4ueHHbIX 13 DK, BbIE, YeM y MPUTOTOB-
JICHHBIX Ha OCHOBE YHCTHIX cojied. JlaHHBIH (akT co-
[JIacyeTcs C JTUTEPAaTypPHBIMH JAaHHBIMU O POCTE THIPO-
CKOTIMYHOCTU TPU YBEIMUEHUN KOJIMYECTBA MpUMeEC-
HBIX KOMIIOHCHTOB CMecH [6].

B nporecce rpanynmupoBanus yooOpeHui Ha
n1ab0opaTOpHOM Tapelb4aToM TpaHysiTope ObUIM OT-
MeEUEHBI CIIEAYIOIUE 0COOEHHOCTH:

- ynobpenus ¢ Hm3kuM MO (1,0-1,1) mamm-
[IAIOT HA CTEHKHU IPaHyJsITOpa, 00pasysl KpyIHbIE ar-
JIOMEepaThl U3 OTACIBHBIX TPaHyll, YTO MPEATNOJIOKH-
TEJIBHO CBSI3aHO C HAJIMYUEM B IPOIYKTE TOJIBKO MO-
HOaMMOHUI(ochaTa ¥ BBICOKUM COIEPKaHUEM B JTaH-
HBIX 00pa3iax TMIPOCKONMYHOrO HUTpPAaTa aMMOHHS
(HA), koTopblii BBICTYTIA€T B KA4ECTBE IACTH(PUKATOPA;

- HauMHasg co 3HaueHuss MO = 1,2 u Belle
HaO0JII0/IaeTCsl CTAaOMIM3aIHs MIPoLiecca IPaHyJInPOBa-
HUS, 00pa3yloTcsi TpaHynbl ONM3KOW K cepudHOon
(hopMBI, CKIIOHHOCTD K arJIOMEpUPOBAHUIO OTAEIBHBIX
IpaHyN NPaKTUYECKH OTCYTCTBYET;

- ipu 3HaueHusx MO Gonee 1,6 monmydeHHbIC
IpaHynbl HAYMHAIOT UHTEHCHUBHO MCTHUPATHCS MEXKIY
co0Ol B Tapenke rpaHyisITopa, YBEJINYHUBas KOJIHUYeE-
CTBO MENKOH (pakluH U MBUIM B TPaHYIMPOBAHHOM
MPOAYKTE, YTO MOXKET OBITh CBA3aHO CO CHU)KEHHEM
cogepxxanusi HA M, cOOTBETCTBEHHO, yMEHbILICHHEM
IJTACTUYHOCTH MaTepuaa.

Ilpu comocraBieHUH NAaHHBIX, MpPEACTaBIICH-
HBIX B TaOJUIIE U HA PHUC. 2, MOXXHO CJeNaTh BBIBOJ,
YTO 3aBUCUMOCTH T'MI'POCKONMYHOCTH OT MO 115 Tpa-
HYJMPOBAaHHOTO U M3MEJbUEHHOTO MPOAYKTa MMEIOT
pa3IUYHBIA XapakTep. 3HaYCHUS KOIPPUIMECHTA TUT-
POCKOIMYHOCTH JUIS U3MEJIbUEHHOTO yI00peHHs 3Ha-
YUTETHHO (B HECKOJIBKO pa3) BBILIE, YeM IS TPaHyJIH-
POBaHHOTO, B CHITy MEHbIICH MOBEPXHOCTH KOHTAKTa
rpaHyn ¢ Biaroil Bosayxa. [lyis paccMoTpeHHs BO-
mpoca O BIMSHUU CTPYKTYPbl I'pDaHyJ Ha CBOMCTBa
ynoOpeHuil OBUTM BBIMONHEHB MHUKpOQoTOrpaduu
CKOJIOB TpaHyJl J1a00opaTopHBIX 00pa3LoB ya0OpeHHI,
noJTy4eHHbIX ¢ paznuyHsiM MO (puc. 3). Ilpeacras-
JIEHHBIE U300payKEHMs OBIIIN MOyYEHBI IPU TIOMOIIN
CKaHHPYIOMIETO 3JIEKTPOHHOTO MuKpockomna Hitachi
TM3030.

IMpu cpaBHeHMH MuKpodoTorpaduii, mpen-
CTaBJICHHBIX Ha pUC. 3, MOXKHO CJIeTIaTh BBIBOJ] O TOM,
4YTO y 00pa3loB yAoOpeHuH, moiydeHHbIX npu MO
paBHoMm 1,3 u 1,6, HaOmomaeTcst 6oyiee OTHOPOIHAS,
IUTOTHASI ¥ MEHEe MOPHCTasi CTPYKTYpa MO CPaBHEHHIO
¢ obpasuamu, noiydeHHbIMH ipu MO pasaom 1,0 u
1,5, 9To, B CBOIO OYepenb, CIOCOOCTBYET CHUKCHHIO
CIIC)KMBACMOCTH (TabIHUIIA).

W3B. By30B. Xumus u xuM. TexHonorus. 2021. T. 64. Beimn. 3
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Puc. 3. Mukpodororpaduu ckona rpanyn NPK-ynobpenuii, no-
JyYEHHBIX C Pa3INYHON CTENEHBI0O HeHTpanu3auu GochopHOit
kucinotel: 1 — MO=1,0; 2 - MO=1,3; 3 - MO=1,5; 4 - MO=1,6
Fig. 3. Microphotographs of chipped granules of NPK fertilizers ob-
tained with varying phosphoric acid neutralization degrees: 1 — molar
ratio [NH3]:[HsPO4] =1.0;2-1.3;3-1.5;2-1.6
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Hutparconepxkamux NPK-ynoOpennii (rurpockomnmd-
HOCTB, CIIC)KHBAaEMOCTb, CTaTHYeCKasi IPOYHOCTb Tpa-
HYJ) 3HAYUTEIBHO 3aBUCST OT CTENEHU HEeUTpaimu3a-
mnna HocHOpHOH KHCIOTHI aMMHUAKOM U CBSI3aHHBIX C
HeW M3MEHEHMH XMMHYeCKOro 1 (a30BOTO COCTaBa, a
TaKXe 00pa3yIoNICHCs CTPYKTYPhI TpaHyl yI00pSHHUI.

VYcTaHOBIEHO Ha MpUMeEpe TPaHyIMPOBAHHBIX
Hutparcoaepxamx NPK-ynobpennit mapku 17:17:17,
YTO 3aBUCUMOCTH HX (U3NKO-XUMHUYECKHUX H CTPYK-
TypHO-MEXaHUYECKUX CBOMCTB OT CTEIICHH HEHTpau-
3arun GpocdopHOit KuciIoTel ammuakoM (MO), HoCIT
CJIOXKHBIM, MOJUIKCTPEMAIBHBIN XapakTep, JaHa HH-
TepIpeTanus 3Toro spiuenns. OnTuManbHble 3HAUCHUS
MO my1st naHHO MapKu yIoOpeHuii cocTaBisitoT 1,3 u 1,6.

[TockonmpKy B paHee BBITONHEHHBIX HAMH pa-
0oTax ObLTO MOKa3aHo, uTo yBenundenne MO npuBoaut
K CHIDKGHUIO CeOECTOMMOCTH HUTPATCOAEPKAIIIX
NPK-ynobpeHnii u TOBBIICHUI0 WX TEPMHUYECKON
ycroiuuBocTH [20-22], 6051€€ MPEANOYTUTEIBHBIM SB-
JISieTCs. BapUaHT MPOW3BOJCTBA ITOM MapKu ymooOpe-
HUH ¢ MonbHBIM oTHOTIeHreM NH3:H3PO4 B mpogykre,
paBHbIM 1,6.
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