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BJUSHUE YCJIOBUM XPAHEHUS U TPAHCIIOPTUPOBKH
I'PAHYJIUMPOBAHHBIX MUHEPAJIBHBIX YIOBPEHUU HA
NX ®PU3NKO-MEXAHUYECKHE CBOUCTBA

B. B. Coxoaos!, H. A. ITountankuua’, H. B. Hukonaena?

'AO «Hayuno-uccnedosamenbCKutl uHCmumym no y0oopeHusm u
uncexmoghyneuyuoam umenu npogheccopa . B. Camoiinosar
?Poccutickuil xumuko-mexnonozudeckuti ynusepcumem um. /{.U. Menoeneesa
[octynuia B pegaxuro 15.11.2018r.

AHHoTanus. B cBs3M ¢ yBenmmueHneM crpoca Ha 6ecTapHble MUHEpaJIbHBIE YIOOPEHHS CO CTOPOHBI 3a-
PYOEXHBIX TApTHEPOB, HEOOXOMMO pa3paboTaTbh METO KOHTPOJIS COOTIOAEHHS YCIOBHIA UX TPAHCIOPTH-
POBKH 10 MecTa Ha3HadeHus. [lox Bo3aelcTBHEM SKCTpeMallbHbIX YCIOBUI TPAHCIIOPTUPOBKH yI0OpeHH
BO3MOXKHO CHIIKEHME MX KaueCTBa, MPOSIBISIOIIEECS B MOBBIIIEHUH THIPOCKOIIMYHOCTH, CIIEKUBAEMOCTU
IpaHyJ, a TAK)Ke CHIPKEHUH UX IPOYHOCTH.

Jnist u3ydeHus MOBEICHUs TPaHYJIMPOBAHHBIX MHHEPAIbHBIX YIOOPEHUI NpH MX OeCTapHOM XpaHe-
HUM U TPAHCHOPTHPOBKE B YCJIOBHSIX W3MEHEHMS IapaMEeTpPOB OKPYIKAIOIIEr0 BO3/yXa B JIAOOPATOPHBIX
YCIIOBUSIX IPOBEAEHBI CPAaBHUTENILHBIE HCIBITAHUS 00pa3loB JuaMMoHHK(pocdara nmpyu NCKYCCTBEHHOM
U €CTECTBEHHOM yBIIaXKHeHUU. [IpoBonmin uccienoBaHue JUHAMUKU NIEpepaclpeiesieHHs BIaru B Macce
ynoOpeHHii IyTeM HeNpephIBHBIX N3MEPEHUI TeMIIepaTypbl 1 OTHOCHTEIILHOM BIaXKHOCTH BO3/yXa B CIIOE
ynoOpenuii. {1t 9TUX 1enel MCIoIb30BalM JIOTTEPhl C MHTETPUPOBAHHBIM BHEIIHUM 30HJIOM, KOTOpBIE
TAKKE BEAYT 3alUCh U3MEPSIEMBIX ITapaMeTpOB HA COOCTBEHHBIH HOCHTENb. Pe3ysbTarsl MpoBeJeHUs HC-
MIBITAHMH TOKA3aJIM, YTO CKOPOCTh €CTECTBEHHOTO YBIQKHEHHUSI 00pasna B 6 pa3 HMXKE MCKYCCTBEHHOTO.
[Tocne npoBeneHus SKCIIEpUMEHTa OBUTH HCCIIeJOBaHbI (PU3MKO-MEXaHUYECKUE MTOKa3aTenn oopasna, 1moj-
BEpIIIErocsl UCHBbITAHNSAM. BU3yallbHO OTMeueHO oOeclBeurBaHNE I'PaHyll, a TAK)KEe CHIDKCHHE CTaTHye-
CKOM NMPOYHOCTH I'paHy/l MUHEpAIbHbBIX yIOOpEHHH B BepXHEeM cioe. Takke ObLIO TOATBEPKACHO TO, YTO
110 U3MEHEHUSIM aKTHBHOCTH BOJBI HAJ| POJAYKTOM B CJIO€ YIOOPEHHH MOXHO CyAHUTh 00 ycioBusix Oec-
TapHOTO XpaHEHHs U MEPEBO3KN MUHEPAIBHBIX Y0OpEHUA.

B crarbe npuBeseHbl MMEIONIMECS B IUTEPATYPHBIX HCTOYHUKAX M30TE€PMBbI COPOLIMH BIIAry JUIs TpaHy-
JMPOBAHHOTO MOHOAMMOHHMHpochara 1 mopouika AuaMmonuiidocdara. C moMompo TUrpoMeTpa ¢ PyHK-
el aHajn3a aKTHBHOCTH BOJBI MOJy4eHa n3orepma copOumu st GocdaToB aMMOHMS, TTO3BOJISIONIAS
HMHTEPIIPETHPOBATh 3aBUCHMOCTh BJIAroCO/EpKaHusl 00pas3lia OT MapaMeTpoB OKPY’KAaloOLIEro BO3AyXa M
IIPOTHO3UPOBATH BIMSHUE NOCIEAHUX HA (PU3NKO-MEXaHNYECKUE CBOIICTBAa MUHEPAIBLHBIX yao0peHuil. [1y-
TEM COIOCTABJICHUS HMEIOLIMXCS N30TEPM COPOIMHU BIard U 3aBUCMMOCTH BJIaroCO/EPKaHMUs B HACHIITHOM
CJIO€ IPaHYJIMPOBAHHOTO YIOOPEHHMS OKa3aHa BO3MOYKHOCTH OIIEHKH COONIO/IeHHs TpeOOBaHUIT IPON3BO-
JuTeltst OeCTapHbIX yIoOpEeHHH K YCIOBUSIM UX XPAHEHHUS M TPAHCIIOPTUPOBKH.

KiroueBble cioBa: n3orepma copOLUM, TeMIleparypa, OTHOCHTEINIbHAs BIaXXHOCTh, PABHOBECHOE BJa-
rocoJep:KaHue

Hapsiy ¢ comepikanrieM OCHOBHBIX MTUTATEITBHBIX
KOMIIOHEHTOB Ba)KHBIMH PETIAMEHTUPYEMbIMU TIOKa-
3aTeNsIMH KaueCTBa T'PaHYJIUPOBAHHBIX MUHEpaIIb-
HBIX YHOOPECHWH SBISIOTCS WX (DU3UKO-MEXaHHMUe-
CKHE CBOMCTBA: TUTPOCKONTMYHOCTb, CICKUBACMOCTD
W TIPOYHOCTS [1-6].

Peskue mepemajpl Temmeparypbl M BIKHOCTH
OKpYXafoIIero BO37yXa, OCAJKH TPU IMOTPYy30YHO-
pa3Tpy309HBIX paboTax, MoMa aHnne 3a00pTHOM BOIBI
TIPU TPAHCTIOPTHPOBKE OCCTAPHBIX YITOOPEHHWH BO-

© Coxonos B. B., Ilountankuna W. A., Hukomaesa H. B.,
2019

JTHBIM TPAHCTIOPTOM MTPUBOJIAT K TIOTEPE UX TOBAPHBIX
CBOMCTB W, KaK CIEACTBHE, apOUTPaKHBIM CIIOpaM
MEX]Ty TIOCTaBIIIKOM H ITOTpeOnuTeIeM. YBeIndeHne
00BEMOB DKCTIOpTA yAOOpEeHH B OeCTapHOM BHUIC B
crpansl FOro-Bocrtounoit Asum [7, 8] ¢ skBaTopu-
aJBHBIM U CYOIKBATOPHAIBHBIM KIMMAaTOM TIPHUBEIIO
K HEOOXOIUMOCTH KOHTPOJISI COOIONCHUS YCIOBHI
XpaHEHHUS ¥ TPAHCIOPTHPOBKH, PErTaMEHTHPYEMbIX
MTPOU3BOIUTEINIEM.

Ilenpr0o HacTOSIIMX MCCIEAOBAHUN SIBIISIIOCH
OTIpe/ieJIeHne BJard TPaHYIWPOBAHHBIX MHHEPAb-
HBIX yIoOpeHUH COpOITMOHHBIM METOIOM MJIT KOH-
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TPOJIsl COONIONCHNS YCIOBHI WX XpaHEHHS U TIepe-
BO3KH KEJIE3HOJOPOKHBIM H MOPCKHUM TPAHCTIOPTOM.
B ycnoBusix 6ecTapHOTO XpaHEHUS U TPAHCIOPTH-
POBKH YIOOPEHHA, UX THUTPOCKOITMIECKast TOUKa OJI3Ka
K CpeIHEeM BIIAXXHOCTU OKpYyKaroliero Bosmayxa. [Ipu
TTOBBIIIIEHUH OTHOCHTENTFHOM BIQXKHOCTH BO3/yXa ITPO-
WCXOIWT TTOBEPXHOCTHAS a/ICOPOIINS BIIAard TpaHyJIaMu
¢ oOpa3oBaHWEM Ha HUX HACBHIIIEHHOTO pPacTBOpa, a
PV TIOHMKEHUW BIIQKHOCTH TIPOTEKAET MPOIIECC Jie-
copOruu ¢ 00pa3oBaHNEM TIPOMYKTA KPUCTAUTH3AINH.
TakuM 00pa3oM, MHOTOKPATHBIA TIEPEXOJ BIAYKHOCTH
Yyepe3 TOYKY TMTPOCKONMYHOCTH YAOOPEHHs COMPOBO-
JKNTAeTCS] TMKIMIECKUMH TIPOIIECCAMH  YBIIQXKHEHUS-
TIO/ICBIXaHMS TIOBEPXHOCTH TPAHYJ, YTO MPUBOIUT K
TIepeKPHUCTALIN3ANNH coneit [9-15] u yBenmdaeHuto cie-
YKIBAaEMOCTH T'PaHyINPOBAHHBIX ITPOIYKTOB.

METOAUKA DKCIIEPUMEHTA

OOBeKTaMH HCCIICIOBAHUS SIBJSUTHCH OOpa3ITh
ymobpenuii, mpousBomuMbix AO «DocArpo-Uepe-
noseny: NH,H,PO, — monoammonniipoctar [16]
u (NH,),HPO, — nnammonuiipocdar [17]. Jing ne-
MIPEPHIBHBIX HM3MEPEHUH TEeMIIepaTypsl W OTHOCH-
TETHHOM BIAKHOCTH BO3IyXa B CIIO€ yIOOpEHUIt nc-
MTOJTE30BANIN JIOTTEP C WHTETPUPOBAHHBIM BHEIIHUM
3om0M 175H1 «Testo» (I'epmanmst). Mopdomoruro
U CTPYKTYpY TpaHyd yIOoOpeHUI UCCIe0BaIA METO-
JIOM CKaHUPYIOIIEN 3JIEKTPOHHON MuKpockonuu TM
3030 «Hitachi» (Slmonms). Ompenenenne TaBICHUS
MapoB BOJBI HA/l MPOAYKTOM OCYIIECTBIISIIN C TIOMO-
mieto rurpometpa «Rotronic HW4y (IlBeiimapust) c
(dhyHKIIMEH aHaNMM3a aKTUBHOCTH BOIBI. Brarocomep-
JKaHWE TPAaHYIUPOBAHHBIX YAOOPEHWH ONpenessiin
rpaBumeTprdeckum Meromom (I'OCT 20851.4-75), a
WX CTaTHYECKYIO MPOYHOCTh — TEH3UMETPUUECKUM
metoaoMm ('OCT 21560.2-82).

0O0630p muTepaTypHBIX MaHHBIX [18-20] mokazan
HAJIMYME W30TEPM COPOIMU BIATH JIMIIb JUISL JIBYX
BUIIOB (ochaToOB aMMOHHS: KPUCTATUTMUSCKOTO -
ammonmidocdara (puc. 1 3aBucumocts 1) [19] u
TPaHyJIMPOBAHHOTO MOHOaMMoOHmK(ochaTa (puc. 1
3aBUCUMOCTD 2) [18]. DTH 3aBUCUMOCTH TTOTYICHBI
B HEPAaBHOBECHBIX YCJIOBHSX OXJIKICHUS TPOIYKTA,
MOATOMY MPHUMEHSTh UX JIJISl UCCIEyeMbIX B padoTe
00pa3IioB HEe MPENICTABISIIOCH BO3MOXKHBIM.
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Puc.1. VIzorepma copOrmn pocdaroB ammonus: 1 —
JTmamMMoHuiidocara kpucramyeckoro (25 °C); 2 —
MoHoaMMoHuii(ochara rpanymposaHHoro (=40 °C)

C memnpio TONYYCHHSI H30TEPM COpPOIIMH Ha TIPH-
Mepe TPOMBIIITICHHOTO TPaHYINPOBAHHOTO THAMMO-
Hutiocdara mocTaBICHBI TPU IKCIICPUMEHTA, JBa U3
KOTOPBIX TIPOBECHBI B Ja0OPAaTOPHBIX YCIOBHUAX, a
TPETUM — Ha OTKPBITOM TUIOIIAIKE.

B maGopaTopHBIX yCIOBHAX TOCPEICTBOM YBIaXK-
HEHHS UCXOTHOTO TuaMMoHutidocdara maccoit 5+0.02
r ipu t=40°C monydann cepuro 0Opas3IioB ¢ BIAroco-
nepkanneM B auarazone ot 0.58 mo 1.58%, Hanx xoto-
PBIMH OTIPEETSIIA aBjieHue mapoB. TakuM oOpazom,
C TIOMOIIBIO aHATM3aTOPa BIAXKHOCTH ObLIa MONy4YeHa
M30TepMa aJIcOPOITHH, KOTOPasi HEKOPPEKTHO OTHCHIBA-
€T 3aBHICUMOCTD JIaBJICHHUS TTApOB BOJBI OT BIAKHOCTH
00pa3moB (puc.2). ITo MOKET OBITH CBA3aHO C HEPaBHO-

Tabnuua 1
Xapaxmepucmuku npomMuluLienblx 06pasyos ocghamos ammonus
HauMeHOBAHIE HOKASATENs Monoammonuntidocdar (TY Huammonwniidpocdar (TY
2186-642-00209438-2014) 2186-556-00209438-2014)
Buemnuii Bug ['panynupoBaHHbIH DPOIYKT
Maccosas 1018 obuiero asora, % 12+1 18+1
Maccosas gons obmux ¢ocdaros B mepecuere Ha PO, % 52+1 47+1
MaccoBas 105151 BOIOpacTBOPUMBIX (pocdaToB B mepecuere Ha
PO, % 48 .
MaccoBas 1outst Bopl, % 1.5 1.8
I'panynomerpuueckuii cocras
MaccoBasi 10715 TpaHyJl, pa3MepoM:
Menee 1 MM, %, He Oosee 3 3
Memnee 2 mm, %, He Ooiee - -
Ot | 1o 6 MM, %, HE MeHee 97 97
Ot 2 10 5 MM, %, HE MeHee -
Memnee 6 MM, % 100 100
Craruueckas IpouHOCTh rpanya, MIla, He MeHee 3.0 3.0
Pacceimuarocts, % 100 100
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Tabmuia 2
Vepeonennvui ghazosuiii cocmas ouammonutigpocghama
npouseoocmea AO «DocAepo-Uepenoseyy» [19]

Coenunnenne Concpwanne, %,
Oo6paszers Nel Ob6paszerr No2
(NH,),HPO, 75 74
NH,H PO, 8.3 8.3
(NH,),SO, 7.5 8.5
CaS0O,x0,5H,0 1.0 -
AIPO,xH,O 1.2%* -
FePO,xH O 1.4%* —
(NHA)‘)SiFﬁ — —
Na,SiF, 0.3* 0.3%
K,SiF, 0.25%* 0.25*
CaHPO, 3.0%* 3.0%*
Sio, 0.5% —
Sio, 0.2%* 1.0**
NH,AIHPOF, 0.3* 1.6
NH,FeHPOF, 0.3* 1.8
NH,F 0.2* 0.6*
H,0 1.15%* 0.6*
Tabmuma 3

Das3o8bill cocmas MOHOAMMOHULIochama npouszeoo-
cmea AO «DocAepo-YUepenosey» [19]

CoeauHenune Co;[eg) a CoenuHenue Conepixa-
nue, % nue, %
NH,H_PO, 78.0 SO 13.3
(NH,),SO, 8.5 CaO 52.1
(NH,) HPO, 4.0 Fe 0, 5.53
CaS0,x0,5H.0 1.0 ALO, 1.23
Ca(H,PO), . 2.5 F 0.37
(NH,),SiF, 0.6 S10, 0.69
Na SiF, 0.6 Na,0O 0.82 (1.00)
K_SiF, 0.20 K,0 0.38
FePO,x2H,0 1.25 MgO 0.30
AIPO x2H O 1.4 TiO, 0.11
L PO,xH.O 0.6 MnO, 0.09
H.O 1.3

MEpHBIM pacIpe/ieNieHHeM Bllard MEKAy Tneprdepuii-
HOH 30HOI 1 LIGHTPOM TpaHy’1 IIPH YBIIQKHEHUH MPOOBHI,
a TaKXkKe CYILECTBEHHOM MOIPEIIHOCTBIO IPUMEHAEMO-
ro MeTojia onpeeneHust BiaxHoctu (£0.2%).
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Puc. 2. 3otepma copOIuu, OJTYUYSHHAS C TIOMO-
b0 pudopa Rotronic HW4.

Brusinue ycnoeuii xpanenus u mpancnopmuposKu

C uenbio monydeHusi Oojee JOCTOBEPHBIX AaH-
HBIX B JIaDOPaTOPHBIX YCJIOBHSIX HCIOIb30BaJIH
JIoTTep, € TMOMOIIBI0 KOTOPOIO B HM30TEPMUYECKUX
YCIIOBUSIX UCCIIEI0BAIN AUHAMUKY U3MEHEHHUS OTHO-
CUTEJILHOW BJIQXKHOCTH B HACBIITHOM 00BbEME y00pe-
HUH U UMUTAIMU TOTNaganus 3a00pTHOH Boabl. B
OTKPBITBII KOHTelHep ¢ ynobpennem odbeMoM 20 i
npu Temneparype 20 °C morpysxanu AaT4uK npuoopa
Ha OmpeJeNieHHyI0 DTyOuHy u nopuusmu o 100 mu
N00aBIsITH BOY. 3a BpeMsl IPOBEACHHUS SKCIIEPUMEH-
Ta B TedyeHne 240 4acoB OTHOCHUTENbHAs BIaKHOCTb
B MIPOCTPAHCTBE MEXJly I'paHyJIaMi yBEJIWYWIIaCh Ha
6% (¢ 52% 1o 58%).

3areM Ha OTKpBITOHM IIONIAAKE IOJ] HAaBECOM B
TeueHnu 45 CyTOK MCClIe0BaIM TUHAMHMKY U3MEHe-
HUSl TEMIIepaTypbl U BIaKHOCTH B HACHITHOM CJIO€
yAOOpEeHUH ¢ TIOMOIIBIO JIOTTEPOB, MOMEIICHHBIX Ha
pasznyto nryouny. [Ipu nsmeneHun TeMmneparypsl Bo3-
ayxa ot -5 1o 20 °C u Buaxnoct ot 20 mo 100%
[IOJTy4eHb! PE3yJbTaThl, IPEACTaBIeHBI Ha puc. 3 U 4.

Temniepatypa, °C
1
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Puc. 3. JluHamMyuka W3MEHEHHUS TEMIIEpaTyphl B
MTOBEPXHOCTHOM CJIO€ M B TIPOCTPAHCTBE MEXTY I'pa-
HyJIaMH
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~4— BIa)XHOCTb B [I0BEPXHOCTHOM ClI0e ~—@— BIakKHOCTb B IPOCTPAHCTBE MEXKIY IPaHyIaMH

Puc. 4. JluHamuka W3MEHEHUs] OTHOCUTEJIbHOU
BJIQXKHOCTH B TIOBEPXHOCTHOM CJIO€ M B MPOCTPaH-
CTBE MEXIY TpaHyllaMu

OBCYXJIEHUE PE3YJIIBTATOB
Jlnis MHTEpIpeTai MacCHBa DKCIIEPUMEHTAIb-
HBIX JIAHHBIX UCIIOJIb30BAJIMCh JIUTEPATypHBIE U T10-
JydeHHbIE HAaMH M30TEPMBI COpOIMU BIIaru B pado-
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4YeM JIMana3oHe TeMIepaTyp ucciemryeMoro gocedara
aAMMOHHSI.

AHanu3 SKCIEPUMEHTANBHBIX JaHHBIX H30TEPM
copOumu yoOpeHuH MO3BOJSET OLICHUTh B HUX PaB-
HOBECHOE 3Hau€HHE BJIaroCOACpKaHHUsS W TPOTHO3HU-
poBarh JanpHelinee noseaeHne odpasua (yBiaxHe-
HUE WM TOJICYIIMBAHKE) MPH KOHTAKTE C BO3LYXOM
OTIPE/ICTICHHOW OTHOCUTEIBHOMN BIa)KHOCTH.

Crienyer OTMETHUTb, YTO OCHOBHBIC W3MEHEHHUSI
OTHOCHTEILHOHN BIQYKHOCTH BO3/1yXa ObUTH BBI3BAHBI
PE3KUMHU CYTOUHBIMH KOJICOAHUSIMH TEMIIEpaTyphl.
Kak Buano u3 rpaduka, 3a BpeMs dKCIIepUMEHTa T10-
BEPXHOCTHBIH €O yIO0OpeHHs MPOXOIUIT IUKINYe-
CKO€ YBJII&KHEHHE-TIOJCYIIMBaHKE ¢ MTpeoliafaHueM
mporecca yBIaKHEHUSI.

HccnenoBanue GU3MKO-XMMHUYECKUX U CTPYKTYp-
HBIX XapaKTePUCTUK TPaHyJl MMOKa3aio, 4To, HECMOTPS
Ha 3HAYUTENNbHBIC M3MEHEHHsSI OTHOCUTEIBHON BIIAXK-
HocTu arMochepHoro Bo3ayxa ¢ 20 10 99.9 %, paBHo-
BECHasi OTHOCHUTENbHAs BJIaKHOCTh BO3IyXa Haj 00-
pastom yBenuumiachk Ha 4.2% (¢ 50.2 no 54.4 %).

CpaBHHUBas pe3ybTaThl HICKYCCTBEHHOTO M €CTe-
CTBEHHOT'O YBJa)KHEHHUSI 00pa3llOB MOXKHO CKasaTb,
YTO AJIS1 MOCIEHET0 CKOPOCTh YBIAXKHEHHs 00pas-
1I0B B 6 pa3 HIDKE.

OTMeueHo oOeclBeUnBaHNE BEPXHETO CIIOs YIO-
Openuit u hopMUpPOBAHHE U3 TPAHYJI TOBEPXHOCTHOMN
PBIXJION KOpKHU TOMIUHON 25-30 MM, Jerko paspy-
1aeMol Ipu MexaHM4ecKkoM BozzelicTBuu. Ctarnye-
CKasi MPOYHOCTh TpaHysl CHU3MIIAch B 2 pasa (¢ 4.9 1o
2.4 Mlla).

DKCIEepUMEHTAIILHO Ofpe/eNieHa ITyOuHa «ak-
TUBHOTO» TPOHUKHOBEHHs BJard B CJOH oOpasia
(80 MM) mpH €ro LMKIMYECKOM YBIAXXKHEHUHU-TIO-
cymurBaHuM aTtMoc(hepHbIM BozayxoM. Ilpm uzyue-
HUM CTPYKTYPbI M JIEMEHTHOTO COCTaBa TPaHyI IO
CpPaBHEHHIO MHKpoQoTorpaduii HCXOIHOTO 0Opasa
1, OTOOPaHHBIX U3 BEPXHETO CJIO0s1, CIIEI0B KOHBEPCUH
(a3 1w uxX pacTBOpeHHUs: He OOHAPYIKEHO.

3AKJIIOYEHHUE

- BriepBbie ¢ MOMOIIIBIO aHATN3aTOPa BIaYKHOCTH
MOJy4yeHa H30TepMa COpPOLMH TPaHYIUPOBAHHOTO
JuaMMoHui(ocdara.

- HccnenoBana nuHaMHKa TepepacrpeeIcHus
BJard B Macce YIOOpEeHHWH MyTeM HEMpPEePHIBHOTO
KOHTPOJII BJIAXHOCTH WU TEMIIEPATYpbl BO3AyXa B
Clloe TpaHyll ynoOpeHuil mpu ux OecTapHOM XpaHe-
HUH U TIEPEBO3KE.

- Ilytem comocraBieHuss U30TEPMbI COPOLIMU U
3aBUCUMOCTU BJIArOCOACPIKAHUA B HACBIIIHOM CJIO€
IPaHyJIMPOBAHHOTO YIOOpEHHs TOKa3aHa BO3MOXK-

HOCTB OLICHKH COOIIO/IEHHS TPeOOBaHUN TIPOU3BO/IH-
Tesst OecTapHBIX YIOOPEHHUH K YCIOBHSIM UX XpaHe-
HUS U TPAHCIIOPTUPOBKU.
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THE EFFECT OF STORAGE AND TRANSPORTATION
CONDITIONS ON PHYSICAL AND MECHANICAL
PROPERTIES OF GRANULATED MINERAL FERTILIZERS

V. V. Sokolov!, I. A. Pochitalkina? N. V. Nikolaeva®
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’Russian University of Chemical Technology
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Abstract. In connection with an increasing demand for bulk mineral fertilizers from foreign partners, it
is necessary to develop a method for monitoring the compliance with the transportation conditions. Under
the influence of extreme conditions of transportation, fertilizer quality may degrade, which is expressed in
increased hygroscopicity, caking of the granules, as well as decrease in granule strength.

To study the behavior of mineral fertilizers during bulk storage and transportation under conditions of
changing ambient air parameters, the comparative tests of granulated ammonium phosphate samples of
artificial and natural moistening were carried out in lab conditions. There was conducted a study of moisture
redistribution dynamics in fertilizer mass by continuous measurements of temperature and relative humidity
in a fertilizer layer. For these purposes, loggers with an integrated external probe were used, which also
record measured parameters on its built-in media. The test results showed that the rate of natural moistening
of the sample is 6 times lower than artificial moistening. After the experiment, the physical and mechanical
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parameters of the tested sample were investigated. Discoloration of the granules was evidenced, as well
as a decrease in granule static strength in the upper layer. It was also confirmed that, due to changes in
water activity above the product in a fertilizer layer, we can judge on the conditions of bulk storage and
transportation of mineral fertilizers.

The article presents moisture sorption isotherms available in the literature for granulated monoammonium
phosphate and diammonium phosphate powder. Using a hygrometer with the function of water activity
analysis, a sorption isotherm was obtained for ammonium phosphates, which makes it possible to interpret
the dependence of moisture content of a sample on ambient air parameters and to predict its effect on the

physical & mechanical properties of mineral fertilizers.

By comparing the available isotherms of moisture sorption and the dependence of moisture content
in the bulk layer of granular fertilizer, the compliance with the requirements of the manufacturer of bulk
fertilizers to storage and transportation conditions is possible to be estimated.

Keywords: sorption isotherm, temperature, relative humidity, equilibrium moisture content

REFERENCES

1. Chernenko Y.D., Norov A.M., Ovchinnikov K.N.,
Patent of the Russian Federation, No 2471756, 2013.

2. Grosheva L.P., Sennikovsky S.N., Samsonov
Y.K., Yefimov I.N. Patent of the Russian Federation,
No 2121991, 1998.

3. Sherkuziyev D.I., Science and present (Science
and Modernity), 2015, No 4(6), pp. 92-97. DOI:
10.17117/ns.2015.04.092

4. Gavrilenko S.A., Shilko S.V., Mechanics of
machines, mechanisms and materials (Mechanics of
Machines, Mechanisms and Materials), 2014, No
2(27), pp- 56-59.

5. Fedotov P.S. Diss. Cand.Chem.Sci. Moscow,
2016, pp.86.

6. Syrchenkov A.A., Tikhonovich Z.A., Grishayev
1.G., Korshuk A.A., Research of physicomechanical
properties of diammonium phosphate fertilizing,
works NIUIF 1919-2004, Moscow, 2004, pp. 389-
394.

7. Levin B.V. A condition of production of
complex fertilizers in the world and feature of their
production in Russia, works NIUIF, collection of
scientific works, Moscow, 2009, pp. 36-47.

8. Volkova A.V. Market of mineral fertilizers.
Access mode: apartment 2015.pdf https://dcenter.
hse.ru/data/2015/12/22/1132768850/IV (date of the
address 02.07.2018).

9. Gorbovskiy K., Kazakov A., Norov A.,
Mikhaylichenko A. Properties of complex ammonium
nitrate-based fertilizers dependind on the degree of
phosphoric acid ammoniation, International Jornal of
Industrial Chemistry, 2017, Vol. 8, pp.315-327.

10. Walker G.M., Magee T.RA., Holland C.R.,
Ahmad M.N., Fox J.N., Maffalt N.A., Kells A.G.
Caking Processes in Granular NPK Fertilizer,
Industrial and Engineering Chemistry Research,
1998, Vol. 37, 1s.2, pp.435-438.

11. Tereshchenko A.G. Hygroscopicity and
slezhivayemost of solvends: monograph, Tomsk,
publishing house of the Tomsk Polytechnic University,
2011, pp.77.

12. Kuvshinnikov .M. Mineral fertilizers and
salts: properties and ways of their improvement,
Moscow, Chemistry, 1987, pp. 256.

13. Pestov N.E. Physical and chemical properties
of granular and powdery chemicals, Moscow,
Academy of Sciences of the USSR publishing house,
1947, pp. 239.

14. Skorobogatov V. A. Mineral fertilizers. An
overload on port terminals, Handbook, Thalline, AS
Reusner, 2003, pp.530.

15. Evenchik S.D., Brodsky A.A. Tekhnologiya
of complex and phosphoric fertilizers, Moscow,
Chemistry, 1987, pp. 294.

16. TU 2186-642-00209438-2014 Ammophos,
Technical specifications

17. Fertilizing TU 2186-556-00209438-2014
Diammonium phosphate, Technical specifications.

18. Tereshchenkov V.V. Diss. edging. TexH,
sciences. Moscow, 1983, pp.176.

19. A.M. Diss's habit. edging. Texn, sciences.
Moscow, 2014, pp.130.

20. Pozin M.E. Technology of mineral fertilizers:
The textbook for higher education institutions. — the
6th prod., reslave., Leningrad, Chemistry, 1989, pp.57.

24 BECTHUK BI'Y, CEPUA: XML BUOJIOT'USL. PAPMALIWSL, 2019, Ne 2



