Optical, physical and chemical measurements

OIITUYHI TA ®I3UKO-XIMIYHI BUMIPIOBAHHSA

YOK 66.099
O.b. LTAHAUBA

CyMmchpKuii HaioHaNBHUI arpapHuil yHiBepcutet, M. Cymu

EHEPITOE®EKTUBHICTD IMMPOLECY KPUCTAJI3ALIL TPAHYJ KAPBAMIJY B
TPAHYJIANIAHUX BAIIITAX

Anomauia. Pezyniosanus 63aemo0ii epanyib08aHux 3acobi6 HCUsIeHHs ma XiMiYHO20 3aXUCTY POCTUH 8 SPYHIMOB0-
BOOHUX CUCMEMAX CLTbCLKO2OCNOOAPCHKUX Y2i0b € AKMYANbHOI NPOOIEMOI0 azposupobruymea. Ananis npoyecie OucnepeysaHHs
n1asos azomuux 000pus y GiOPAYIIHUX SPAHYIAMOPAX, WO 00epMAIOMbCs, MAa KPUCMANI3AYl 2pAHYl NOKA3A8 MOMCIUBOCHI]
VKDPYRHEHHS SPAHYIOMEMPUYHUX NOKASHUKIE NPOOYKMY 30 PAXYHOK ONMUMANLHUX KOHCIMPYKMUSHUX NAPAMEMPIE 2PAHYIAYIUHUX
bawim, OCHAWeHUX anapamami KUnIsAY020 wapy npu payioHarbHOMy Chi68iOHOWEHH] UMPAMHUX XAPAKMEPUCMUK NAA8d ma
0X0N10024CYI04020 NOGIMPA.
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ENERGY SAVING UNDER UREA GRANULES CRISTALLIZATION INTO PRILLING TOWERS

Annotation. Optimization of interaction between granulated fertilizers for feed chemicals and pesticide and plants is
the actual problem of agrarian industry. Improvement process of dispergating nitric fertilizers in oscillation running around
granulators showed some possibility of enlargement for grain-size indexes of product. The energy saving is arrived at due to the
optimal structural parameters of granulation towers with the vehicles of fluid bed and rational correlation for expense
descriptions of fertilizers and cooling air.

From experience of exploitation and literary data it is known that the increase of percent content of large granules is
arrived at by the increase of diameter of opening of perforation of dispersive shells into vibration granulators. In the ordinary
terms of tower granulation this process results in expansion of fractions content for product and to the increase of middle
temperature of granules. It is determined possibility of improvement of basic operating indexes of prilling by the construction of
granulators, in particular, by quality of perforation of dispersive shells., The terms of interaction between polidispersive stream
of fused fertilizers with cooling air also influence on energy consumptions . In present tense the various methods of calculation
under technological descriptions of granulation towers are used in engineering practice, are considered as mass-heat transfer
countercurrent devices. The amount of cooling air, that peculiar to the towers with natural traction at high intensity of irrigation,
even at the considerable height of tower can not provide necessary degree of crystallization of large granules and it will result in
sticking of product in the zone of cooling fluid bed. From the brought charts over evidently, that at the values of the indicated
descriptions 70% crystallization of large granules under diameter 3,0 mm needs time that approximately twice exceeds the
period of crystallization of granules of 2,0 mm.

On existent cooling tower of Odesa plant in a 80 m high in a summer period complete crystallization of granules is
attained with practically diameter of 3,0 mm, but only 60-70% crystallization of granules with 4,0 mm. Production of large-
sized granules with a middle diameter that exceeds a 3,0 mm, in a summer period in the conditions of Odessa plant is
inadvisable and it follows to apply dispersive shells with the diameter of opening of perforation a 1,3 mm, by the general amount
of 3900wm. Only in a winter period, passing is recommended to the profiled shells with the diameter of opening a 1,4 mm, by a
general amount 3200, that allowed to promote percent content of large-sized granules of carbamide on 20%. Using the
hydrodynamic and vibrating methods under dropping-granulation process can determinate the optimal construction parameters.

Key words: urea granulation, granulated product, soil-water system, granulation tower, cooling fluid bed, fractions
content, mass-heat transfer, energy saving, granules size.

Beryn. Ham3BuuaiiHO BaXJIMBHMH KOHCTPYKTHBHHMH (aKTOpaMH B3aeMoJlii BiOporpaHymsTopa 3
TaHYJHLIHHOIO 0amTol0, IO BIUIMBAE€ HA TPAHYJIOMETPHYHHMNA CKJIad Ta AKICTh TOBapHOTO NPOIYKTY, € BHUCOTa
MaJiHHS TPaHyl, BIHOCHA BUTPATa OXOJIOKYIOUOTO MOBITPS A0 BUTPAT AWCIIEPIOBAHOIO IJIABY Ta PO3MIp Kpareib
micnst nepdoposanoi obosoHKK TpaHyssitopa [1, 2, 3, 4], Jngd migBUIIEHHS arpoeKoJIOriyHOi e(eKTHBHOCTI
3aCTOCYBaHHS MIiHEpAILHUX JOOPUB 1 3MEHIICHHS IIKOJW JOBKULIIO BHACHINOK Mirpamii iX KOMIIOHCHTIB,
HEeoOXiHO 30iJBIIMTH YacTKy TOBAapHUX JOOPHB NPOJOHIOBAaHOI Jii, B TOMY YHCII OpraHOMiHEpaJbHHUX 31
30anmancoBanuM BMicToM NPK Ta onTtumansHUM TpaHYJIOMETPHYHHM ckiazoM [5, 6, 7, 8, 9, 10, 11, 12]. Cuig
TAKOXK 3ayBAXKUTH, IO TEIUIOMACOOOMIHHI XapaKTEPHCTUKU TPaHYJSLidHMX Oamt OJeCchKOro MPHIIOPTOBOTO
3aBOY, € IOCUTh BUCOKUMH TIpHU 1X BHcOTi 80 M, 00NaqHAHUX OXOJIOJ)KYBAa4aMH KUIUIAYOTO IIApy, IO JO3BOJIIE
OTpUMATH MPOIYKT 3 YKPYITHEHUM TPAHYJIOMETPHUYHUM CKJIAJIOM, KWW BINOBiNae BUINHUNA KaTETOpii SKOCTi. Ale,
BHUXOJISTYM 3 TIAPOJMHAMIYHMX Ta TETUIO(PIZMYHUX YMOB OXOJIOJDKEHHS 1 KpUCTami3amii TpaHys, B JITHIA mepiof
cepenHiii po3Mip OTPUMAHKX TpaHyJ IOBHHEH OyTH oOMexkeHwmi 3,0 MM.

Buxiaa ocHOBHOTo MaTepiany. 3 J0CBiIy eKCIuTyaTarllii Ta jitepaTrypHux ganux [1,2,3,4,5,6,7,8,9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19] Bimomo, 1110 301IBIIEHHS MPOLIEHTHOTO BMICTY KPYITHUX TPaHyJl IOCSATAETHCA
30UIBIICHHSM JliaMeTpy OTBOpIB nepdopanii TUCTIeprylounx 000JIOHOK BiOpOTpaHyJISITOPIB 1 B 3BUYafHUX YMOBax
0amToBOi TpaHYJALIl MPHU3BOAUTH IO PO3IIUPEHHS (PAKIIHHOTO CKIAAY MPOAYKTY Ta MiABHIICHHIO CEPEIHBOL
TEMIEepaTypu TpaHyl.  MOXIUBOCTI TMOJIMIICHHS OCHOBHHX CKCIUTyaTAalliiHUX TOKA3HUKIB MPULTIOBAHHS
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BU3HAYAETbCS KOHCTPYKILIEI TPaHyJsTOpa, 30KpeMa, SKICTIO nepdopaiii AUCIEprylodnx OOOJIOHOK, a TaKoX
YMOBaMH B3a€MOJIi HOJIMCIEPCHOTO MOTOKY PO3OPU3KAHOTO IUIABY 3 OXOJIOJUKYIOUMM TOBITpsIM. B TenepimHii
Yyac B IH)KCHEpHIl MPaKTHII 3aCTOCOBYIOTHCS PI3ZHOMAaHITHI CIIOCOOM PO3paxyHKY TEXHOJIOTTYHHMX XapaKTEepHCTHK
TpaHyJSILIHHUX OamT, MO pPO3MVISNAIOTECS SK INPOTHTEUiiiHI TemomMacooOMiHHI amapatu  [3, 4]. Bonm
BIZPI3HSIIOTBCSL  CHCTEMOIO IPUHHATUX MpHITylieHb, (opMol0 MaTemMarnyHoi wmoxemi [19], kinbkicTro
KOHCTPYKTHUBHHX I1apaMeTpiB, IO BU3HAYAIOTHCS, Ta TOYHICTIO OTPUMAaHMX pe3ysbTaTiB. Bubip Toro um iHmoro
crioco0a po3paxyHKy Ha CTafii MPOEKTYBaHHS NPUHMAETHCS B KOXKHOMY KOHKPETHOMY BHIIAJKY 3 ypaxXyBaHHSIM
TEXHIYHUX BHUMOT Ta KOHCTPYKIi BiOporpanymsatopa. B nmaHiii po0OOTi BpaxoBYBINCH TEIJIOMAacOOOMiHHI
XapakTepuCTUKH rpanysimiianx Oamrt OII3, ocHameHux BiOporpanymsaropamu cucteMu b.I. Xomina 3
JaMiHapH30BaHOIO Tepdopamielo AUCIEpryiounx o000JI0HOK. Po3paxyHOK TpoBOAMBCSA 13 3aCTOCYBaHHSIM
yIockoHaseHoi nporpamu «I'panyiay, mpeacTtaBieHoi Ha puc. 1.

BusHavyeHHA KoedidieHTIB onopy, BUTpaT Ta
eHeproedeKTUBHOCTI AUCcNepryr4voi 060NoHKK | GawTn

BeeaeHHA

BUXIAHUX faHUX

TexHonorivHMIA pospaxyHok NepdopoBaHnX 0GoNoHOK

I
BanucTUYHMIA pospaxyHoK chakeny ponuniBaHHA

TennoBUA pospaxyHOK 0XonoaxKeHHA Ta KpueTanisauii
rpaHyn ToBapHUX thpakuiid

CcTON. APYK PE3YNbLTATIE

Puc.1. Baok-cxema I «I'panyia»

Jdns  aHamizy eKCIIepUMEHTAJIbHUX JaHUX Ta pPEe3yJbTaTiB pPO3pPaxyHKIB JOIIBHO CKOPHUCTATHCS
6e3p03MipHOI0 (QYHKIIIEI0 CTYNEHIO KpUCTaNIi3allil, 10 sBJIsiE COOOI0 BiAHOUIEHHS Macu 3aKpHCTali30BaHOIO ILIaBa
JI0 TIOYaTKOBOi MacH Kparuii, 110 yTBOPHJIAcs I1iJ] BILIMBOM BiOpauii:

E = m/m, (1)

3 miteparypu [2,9] Bimomo, IO iHTEHCHBHICTh KpHCTami3allii Ma€ MaKCHMalbHE 3HAUYCHHS y BEpXHii
YacTHHI TpaHOamTH, Je TemIepaTypa TOBEpPXHI Kpaleidb JHCIIEPrOBAaHOTO IUIABYy CTAa€ PIBHOIO TeMIiepaTypi
KpUCTami3amii 1 B MOJAIbIIOMY IIOCTYIIOBO 3HIDKYBAaTHMETBCS II0 Mipi HApOIIyBaHHS Ta 3MII[HCHHS
3aKpUCTAII30BAHOTO IIapy Ta MOTiPIICHHS TETUIOBI AUl PiKOTO sSApa TPaHyIH B MOTIK OXOJIOKYIOYOTO TTOBITPSI.

Kinetnka 1poro mpouecy Nmpu MOCTIHHOMY CIiBBITHOIICHHI BHUTPAT IJIaBa Ta OXOJOKyBada JOCHUTH
JI00pe MOJICITIOETHCS PIBHSHHSM;

am - (2)
dr m,

HeBaxxko momiTuTH, MO CHiBMHOXKHUK (1- m/mgy) BU3HA4ae momo pigHOi pimkoi ¢asu B TpaHyli, a
IHTEHCUBHICTh KpHCTaNi3allii, TAKUM YHHOM, Oyjae MpomopliiHa BiTHOCHIH Maci HE3aKpHUCTATi30BaHOTO ILIABY.
Koedimienr mnpomopiiitHocTi k 3ameXuTh Bil aepoTiIpOJUHAMIYHHAX XapaKTEPUCTHUK Ta MaCOOOMIHHHX
XapaKTePUCTUK TpaHOAITH i Mae (i3MUHUN CEHC MAaKCHUMAaJIbHOT MIBUIKOCTI KpUCTAi3alii B TIOYaTKOBUH MOMEHT
MOJILOTY Kparum IJiaBy. PillleHHs HaBEJIEHOTO PIBHSAHHS CBIMTYUTH NMPO EKCIIOHEHIIIMHUN XapakTep KpHCTami3arlii
rpaHyn y BiamoBimHOCTI 10 Bimomoi ¢yHkmii A.M. KomMoroposa Ta KOpEOEThCS 3 €KCIICPUMEHTATLHUMHI JaHUMU
HAI XIMMAII [ 1, 2, 9 ] puc. 1.

Ha mincraBi GaraTopiyHOrO JI0CBify HPOMHCIOBOI eKcIuTyartalii BCTAHOBJIEHO, IO JOCTaTHS MIIHICTh
TpaHyJ Ha OCTAaHHIN CTaJii OXOJOPKEHHS B KUIUISYOMY IApi Ta BiJCYTHICTh HAIMIIAHHS MPOIYKTY Ha €ICMCHTH
KOHCTPYKLIi OXOJOMKyBaua JOCSTae€ThCcs INPH CTyNeHi Kpucramizauii He MeHml, HDK 70-80 %. BpaxoByroum
HaBeJCHI JaHi, BH3HAYAETHCS HEOOXIMHWI Yac MaaiHHSA TpaHyld B Kopensmii 3 OakaHUM iX MaKCHMaJbHUM
JliaMeTpOM, BUCOTOIO OAITH Ta KIIIMaTUIHO-TIOTOJJHUMH YMOBaMHU.

AHati3 mMBHUAKOCTI KPUCTaNIi3allii rpaHyJl pi3HOTO JIiaMeTpy IoKa3as, [0 il MaKCUMalbHe 3Ha4eHHS K, 110
(irypye B TOKa3HWUKY EKCIIOHECHTH PiBHSAHHS (2), 3aJICKUTH BiJ TUIOMNI MMOBEPXHI OXOJOKEHHS, TOOTO IPSAMO
MpoTopIiiHe KBaApaTy AiaMerpa TpaHyidd. 3 iHIIOro OOKy Maca TpaHyJd 30UTbIIYETHCS MPOIOPIIHHO KyOy ii
JiaMeTpa i € CTpUMYIoUYuM KpucTtamizamito (aktopoM. ToMy Tmmicis mepeTBOpeHb PiBHSAHHS (2) OTPUMAEMO
OIIIHIOBAJIbHE 3HAYCHHS CKCITOHCHTH KPUCTAMI3allil Y BUTIISIL:
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E:l_exp(_gj , (3)

Jie o - IapameTp, XapakTepu3ylunil MBUJIKICTh NpOoCcyBaHHS (hpOHTA KpUCTaNli3allil BCepearH] rpaHyy,
MM/c; d - miameTp rpaHyii, MM; T — Yac NMaJiHHS TPaHyJIH B OamTi, c.

ExcnepnMeHTanbHi pe3ybTaTH.

3rimao manunx K.A. KazakoBoi [1] Ha CTymiHb KpHCTami3allii rpaHysl 3HAYHO BIUIMBAE CITiBBiTHOIICHHS
MacOBHUX BUTPAT OXOJIOPKYIOUOTO TOBITps Ta mmaBa Q/q. Xapakrep 3MiHH KPUBHX OXOJIOJDKEHHS Ta KpUCTATi3allil
TpaHyJ pi3HOTO JAiaMeTpa TpejacTaBieHui Ha puc. 2. OCHOBHHUII BHCHOBOK, KM MOKHA 3pOOWTH 3 aHAJI3y IHUX
rpadikiB, MOJSTa€ B TOMY, IO 301TBIIICHHS. BUTPATH OXOJIOKYIOUOTO MOBITPSI i, TOOTO BUTPATHOI XapaKTEPUCTUKU
Q/q, 3 METOI0 TiABHINCHHS CTYIEHIO KPUCTAJI3aIlil TpaHyll Ma€ CEHC JHIIE IO IeSKOi MeXi, 0 BH3HAYAETHCA
BHUCOTOIO TpPaHOAIITH Ta aepOAMHAMIYHUMH YMOBAMHU OXOJIOJUKEHHS. IIpu 1[bOMy ONTHMaibHE €Heproe(eKTHBHE
CHIBBITHOIICHHSI BUTPATHOI Ta TemioMacooOMiHHOI xapaktepuctuku [10] mponecy ot/d 3Haxomuthcst B obiacti
neperuHy rpadikiB. HeBakko MOMITHTH, IO KiHIEBI MUISHKM KpUCTANi3alliifHUX KPHUBHX, IapajeibHUX OCSAM
KOOPJWHAT BKa3yKOTh HAa MOXKIHBOCTI CKOPOYCHHS BHUTPATHOI XapaKTEPHCTUKU 332 PaXyHOK 3MCHIICHHS MOJadi
OXOJIOJUKYIOUOTO IOBITPA.3 1HIIOro OOKYy, SIKIIO KpHCTajli3auiiiHi KpHBI napaienbHi KOOPIUHATHIH OCi BHCOTH
rpanbanITy, To caMe Ha Led po3Mip Moxke OyTH 3MEHIIeHa BHCOTa rpaHOaIITH.

3BEpHEMO TaKOXX yBary, IO HEIOCTATHS ITUTOMa KUIbKICTH OXOJIOJKYIOUOrO IIOBITpS, IO BIIACTHUBA
Oarmmram 3 IPUPOTHLOIO TATOIO MPH BUCOKIH IHTEHCHBHOCTI 3pOIIECHHS, HABITh NMPH 3HAYHINA BUCOTI OAIlITH MOXE He
3a0€3MeunT HeOOXiAHY CTYIIHb KpHCTami3alii KPyIMHUX TPpaHyl i e Mpu3Bee N0 HAIMIAHHS MPOAYKTY B 30HI
KATUIAYoro mapy. Tak, 3 HaBeneHuX rpadikiB BUIHO, IO MPH IMIOCTIHHNAX 3HAYCHHAX BKa3aHUX XapakTepuctuk 70%
KpHCcTami3amis KpymHHX TrpaHyd miamerpoMm 3,0 MM morpelye dacy, IO HMPHUONU3HO BABIUI TEPEBHIIYE MEPion
KpUcTami3amii rpanya maiaMerpoM 2,0 MM. SIKIIo moBHA KpUCTAi3amis rpanyn giameTpoM 2,0 MM BigOyBaeThes 3a
8,5 cexynn maninus ii 3 Bucotu 50 M, To I Kpucramizanii 3,0 MM rpanyn HeoOxinHo 8,5:1,5 = 13 ¢ i BiAmoBigHA
BHCOTa TPaHOAIITH, 110 CTAHOBUTH 75-80 M.
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Puc. 2. Cucrema i3oiHiii epeKTUBHOCTI KpHcTadi3alil rpaHy I B 32J1€5KHOCTI Bil BUCOTH 0AaIITH TAa BUTPATHUX XapaKTEPUCTHK

Ha icayrounx rpanbamrax OJecbKOro IpUIOPTOBOTO 3aBOAY BHUCOTOI 80 M B JITHIH MEpioa MOCATHYTa
MPaKTUYHO MMOBHA KpHCTami3amis rpaHyn giamerpoM 3,0 mm, ame mume 60-70% kpucramizamis 4,0 MM rpaHyi.
BupoOGHHIITBO YKPYITHEHHUX TPaHyI 3 CEpeAHIM IiaMeTpoM, mo nepesuirye 3,0 M, B niTHII nepiog B ymoBax OII3
€ HEIOIIIPHKUM 1 CJTiJT 3aCTOCOBYBATH JUCTIEPTYIOUi 000JIOHKH 3 JiaMeTpoM OTBOpiB nepdoparii 1,3 MM, 3araabHOIO
kimpkicTio 3900 mr. Jlumme B 3UMOBHIA MepioJl peKOMEHIYEThCS Tiepexia Ha mpodiiboBaHi 000JOHKH 3 JAiaMeTpOM
oTBOpiB 1,4 MM, 3aranbHOI0 KijbKicTio 3200, M0 JO3BOJWIO MiABUIIUTH MPOIEHTHUN BMICT YKPYITHEHUX TPaHyI
kapOaminy Ha 20%.

BucHoBkH. PeryiroBanHs B3a€MOJii TpaHyIbOBAaHUX 3aCO0IB JKMBJICHHS Ta XIMIYHOTO 3aXUCTY POCIHUH B
TPYHTOBO-BOJHUX CHCTEMAaX CUTBCHKOTOCIOJAPCHKUX YTiZb € aKTYaIBHOK MPOOJIEMOI0 arpOBUPOOHHUIITRA.

1. EHepro30epexeHHs B IPOLIEC] JUCTIEPryBaHHs IUIABOB a30THUX J0OPHB y BiOpaliifHUX TpaHyJIsTOpax,
mo 00epTaoThCsl, MOKa3ada MOXKIHBOCTI YKPYITHEHHS TPaHYJIOMETPHYHHUX ITOKa3HHKIB MPOAYKTY 3a PaxyHOK
ONTUMAIILHIX KOHCTPYKTHBHHX IMapaMeTpPiB TPaHYJIIIHHAX OaIT.

2. 30inbIIeHHST BUTPATH OXOJIOHKYIOUOTO TOBITPs i, TOOTO BUTPATHOI XapakTepucTHku Q/q, 3 METOr
MiIBUIICHHS CTYIEHIO KPHUCTANi3lii TpaHyJl Mae CEHC JIMIIe A0 NOeAIKOi MeXi, IO BH3HAYAETHCS BHCOTOIO
rpaHbamrTd Ta aepoJMHAMIYHMMH YMOBAaMHU OXOJIO[DKEHHS. IIpu 1bOMY oONTHManbHe eHeproeeKTHBHE
CIiBBiTHONICHHsT BUTpaTHOI Q/q Ta TeIIoMacoOOMIHHOT XapaKTepUCTHKH Tpoliecy ot/d 3HaxoauThes B oOacTi
neperuny rpadikis.
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