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AHHOTAIIUA B cmamve paccmompero nonyueHue azomuo-gocgoprozo yoobpenus (gocgpam kapbamuoa) uz xapbamuoa u
opmodochopnvix kKuciom paziuynou yucmomsi. Onpeodenenbl 0CO6eHHOCMU PACMEOperUs Kapbamuda 6 opmogpochopHou Kuciome
u kpucmanzayuy @Gocama kapbamuoa 8 3asucumocmu om KoHyenmpayuu opmogocghoproii kucromul. Ilpeocmasnenv
PEHMSEHOZPaAMMbL U 0ePUBAMOSPAMMbL NOIYYeHHbIX 06pasyos pocghama xkapbamuoa (CO(NH2)2:H3;POy). Iokasana 3asucumocmo
UBMeHeHUus Maccel ocpama kapbamuda om epemeHu 83AUMOOCUCIBUS U MeMNEPAMYPbl NPoyeccd. YcmaHosiena onmumanbHas
KOHYeHmpayusi opmogoc@opro Kuciomol 018 noayyenus gocama kapodamuoa.

Knrouesvie cnosa: yooopenus,; kapbamuo, opmogocghopuas kucioma, pocgham xapbamuda, Kpucmaiiusayus.

RESEARCH OF THE PROCESS OF OBTAINING CARBAMIDE PHOSPHATE

Yu. VETSNER"
! Supply department, National Technical University “Kharkov Polytechnic Institute” (NTU “KhPI”), Kharkov, UKRAINE

ABSTRACT The purpose of the article is to study the process of obtaining fertilizer in the systems urea-orthophosphoric acid-water.
A typical example of such a fertilizer can be carbamide phosphate. In connection with this, it is of interest to obtain urea phosphates
depending on the concentration of orthophosphoric acid. The following methods were used in the studies: X-ray phase analysis,
visual-polythermal, differential-thermal analysis. As a result of the studies, the characteristics of carbamide dissolution in
orthophosphoric acid and the crystallization of carbamide phosphate were determined depending on the concentration of
orthophosphoric acid, X-ray diffraction patterns and thermograms of carbamide phosphates were obtained. The general procedure
for the preparation of urea phosphate from orthophosphoric acid and urea. As a result, a solid fraction was obtained - crystals of
carbamide phosphate. X-ray analysis showed that the composition of carbamide phosphate obtained from orthophosphoric acid
(analytically pure) is identical to the composition of carbamide phosphate obtained from orthophosphoric acid (commercially pure).
Differential thermal analysis (thermographic studies) showed that the endothermic effect for orthophosphoric acid (analytically
pure) and orthophosphoric acid (commercially pure), respectively, at 110 °C and 115.1 °C, characterizes the fusion of carbamide
phosphate followed by the formation of ammonium pyro- and metaphosphate. It was established that irrespective of the purity of the
phosphoric acid used, the product of the interaction is carbamide phosphate. The optimal concentration of phosphoric acid (Crspos)
for the production of carbamide phosphate is 80 %. Since at this concentration the loss of moisture is faster than with Cuzros = 86%,
and the yield of the product is almost the same, while at phosphoric acid concentrations of 75 and 60 %, the yield of the product is
much lower.

Keywords: fertilizer, urea; orthophosphoric acid; carbamide phosphate; crystallization.

NPUBOJUT K MEPeXOJly 3aKpEIUICHHBIX B TO4YBE (GOpM
dhocdaros B ycBauBaembie [6].

BBenenne

Hcnonp3oBaHre MUHEPaIbHBIX yIOOpEeHHUH - OMH
U3 TJAaBHBIX KPUTEPHEB TIOBBILICHHUS YPOXKAHHOCTH B
cenbckoM  xozgiictBe.  Ocoboe  3HAaueHHE  HMMEIOT
KOMIIJIEKCHBIC Y0OpEHHs, KOTOphIE COJEp)KaT Kak a3oT
Tak u ¢ocdop [1 - 5].

st obecrieueHus CEJIBCKOTO X0351UCTBA
KOMIUTEKCHBIMU yAOOpeHUIMHI MEPCICKTHBHBIMH
SIBIISTFOTCS TEXHOJIOTHH, Gazupyromuecs Ha

HCIOIB30BaHUH (hocopocomepKaIiero Cepes, KOTOpOe
HaxomuTcst B YKpauHe. OcoOblii MPaKTHYCCKUI HHTEPEC
NPE/ICTaBISIET MCHONBb30BaHME — KapOamuga u3-3a ero
CHOCOOHOCTH O00pPa30BBIBATH KOMIUIEKCHBIE YIOOpPEHHS
MPpaKTU4YECKU CO BCEMHU HCOPraHMYCCKUMU KUCJIOTaMHU U
COMISIMUA. DTO CIOCOOCTBYET MOIYYCHHIO KOMIUIEKCHBIX
yInoOpeHuid, ¢ pa3iu4yHbIME  (HOpPMAMH IHTATEIbHBIX
BEIICCTB, KOTOPBIC  MEIJICHHO  pa3jararoTcs  IOf
JNCHCTBUEM TPYHTOBBIX pACTBOPOB WJIM BOJBI, HYTO

Wzyuenne  B3aumojeicTBHS ~— Kapbamuaa ¢
pa3sIMYHBIMM  COMSIMM M KHCIIOTaMH HMEET  Kak
TEOpETHYECKOe, TaK U NMPHUKIAJHOE 3HAUEHHE B CBS3U C
TIOJTYYEHHUEM CIIOKHBIX YJ0OpEeHNI.

Kapbamun — nambomee  Ooratoe  a3o0ToM
ynobpenune; oH  comepxur 46,6 %  azora B
nerko ycBosiemoit popme.  Obmamaer  COCOOHOCTHIO
00pa3oBHIBATH KPHCTAJUTHIECKHE COCAMHEHUSI-
BKIIOUYCHHS  KaK C  OPraHMYecKMMH Tak U
HEOPTaHMYECKUMH coequHEeHUsIMH. CTpPyKTypel BcCeX
COC}II/IHCHI/Iﬁ BKIIFOYCHHUS MOYCBHUHBI HACHTHUYHBI U

MPEACTaBIAIOT Cco00H TeKcaroHalbHbIE OECKOHECUHBIS
HpI/I3MI)I, BHyTpl/I KOTOprX HMCHKOTCs KaHaJIbHBIC I10JIOCTH,
IJIC U Pa3MEIATCs MOJICKYJIbl — «TOCTH». B OoTCyTCTBHE
MOJIEKYJT — TOCTei MOYEBHHA KPUCTAUIM3YETCS B
TeTparoHaNbHOW pemerke. CoOeAMHEHUS BKIFOYCHUS
KapOaMua BeCbMa yCTOWYHBBI, YTO CBSI3aHO, C OJHOM

© BEIIHEP 0. 1, 2017

BICHUK HTY "XIII" Ne 23 (1245)

137



CEPIA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'AX"

ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CTOpPOHBI, CO cTa0wim3anuell KaHAIBHOW CTPYKTYPHI
BOJOPOJHBIMU CBSI3SIMH, @ C JIPyroil — ¢ 3alOJIHEHHUEM
KaHaJOB M MaKCHMMaJbHOM peanu3aluedl BaH-Aep-
BAaJIbCOBCKOTO B3aMMO/ICHCTBUSI. C KHCJIOTaMHU
MOYeBHHAa oOOpa3dyeT B IMpOLEcCe TUAPOIN3a JIETKO
JMCCOLMHPYIOIIUE  KPUCTAUIMYECKHE  COJIe0Opa3HbIe
COEJIMHEHUS, UMEIOIIKEe KUCITYIO peakuuto [7].

Ieas padoThl

Lenpio craTtem sBISETCS HW3y4YEHHE IIpolecca
MOTy4YeHHs yAOoOpeHHss B  CHCTeMax KapOamun -
optoochopHas KUCIOTa - Boa. XapaKTePHBIM
MIPUEMEPOM TaKOTO YIOOpPEHHS MOXET CIYXHUTb (ocdaT
Kap6aMI/1/:[a CO(NHz)z'H3PO4.

B cBsI3U ¢ 3TUM NpeCTaBISET HHTEPEC MOTyYSHUE

H3n10:xeHEe OCHOBHOTO MaTepuaJia

HcenenoBanusi NPOBOIMINCH C HCIIOIb30BAHHEM
peaktuBoB Mapku u.jg.a (CO(NHz): u H3POs) u Tex.

(H3PO,).
CoctaB ¥ CBOWCTBA HCXOIHBIX pPEarcHTOB
npeactaBieHsl B Tabmmmax 1 (kapbamumnm) [8] m

2 (oproochopHast KUCIOTA).

B pesynbrate wuccnenoBaHuii ObUIM OIpeENICHBI
0COOEHHOCTH pacTBOpeHUs KapbaMua B opTodochopHOit
KHCIOTe W Kpucrtamummsamuu (Qocdara kapbamuma B
3aBHCUMOCTH  OT  KOHIEHTpammu  opTodochopHOi
KUCJIOTBI, TOJIy4eHbl PEHTTEHOIPaMMBI H TEPMOTIPaMMBbI
thocdaror kapbamuma.

Kunernyeckne 3aBUCHMOCTH HM3MEHEHHS MaccChl
KOHEYHOTO TPOJIYKTa OT BpPEMEHH B3aMMOJCHUCTBHS

¢docharos kapdaMua B 3aBUCHIMOCTH OT KOHIICHTPAIHH kapbaMuia c oprodochopHoit KHCJIOTOH,
oprodocdopHoi kucnotsl. [Ipu uccienoBanusx npe/CTaBlIeHHbIe B Tabumax 3 - 6.
MIPUMEHSUINCH CIIEAYIOIINE METO/IbI: PEHTI€HO(Da30BbIN
aHanu3 U quddepeHnransHO-TepPMUUECKHH.
Tabmuna 1 - TOCT 2081 — 2010. Kapbamun. Texanueckue ycioBus
HanmenoBanue nokasarens Mapka b
Bricumii copt 1-# copT 2-i1 copt
1. Buemnuit Bug I'panynbl UM KpUCTaIbl OEI0TO I[BETA MIIN CJIeTKa
OKpallleHHbIE
2. MaCCOBaOH JI0JIsT a30Ta B MIepecyeTe Ha CyXoe 462 462 462
BEIIECTBO, %0, H/M
3. Maccosast noist 6uyperta, %, /0 1,4 1,4 1,4
4. Maccosas 10J1s BoJbI, %, H/0
TUTPOCKOTIUYECKAS 0,3 0,3 0,3
obmas 0,5 0,5 0,6
5. Pacceimuarocts, % 100 100 100
6.I'paHynoMeTpUYECKUN COCTaB:
MaccoBast JI0JIsl TPaHyJ Pa3MepoM, MM:
ot 1 10 4, a/™m 94 94 94
ot 2 10 4, /M 70 50 —
menee 1, u/0 3 5 5
OCTaTOK Ha cuTe 6 MM OtcyTcTBYyeT OtcyTcTBYeT OtcyTcTBYeT
7.CraTnueckasi mpoYHOCTH TpaHyi, MIla
- 1,4 (14) 1,2 (12) 1,2 (12)
Ta6muna 2 - OptodocdopHas KHCI0Ta, HCTIONIB30BaHHAS B JaHHOW padoTte
Ne Konnenrpamnus H3PO, Obmree conmepxanme R (H20/P,0s5) pH
n/m P>0Os (Bec %)
1 86 61,8 0,23 1,57
2 80 58,0 0,35 1,64
3 75 54,3 0,46 1,71
4 60 43,5 0,92 1,89
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O0mass MeroaWka MPHUTOTOBICHHUS Qocdara
Kap0aMHIa 3aKiIoyYanach B CICIYIOIIEM: K pacTBOpam
optrodochopHOi KHUCIOTHI, KOHIeHTpameit 60 — 86 %,
MEIUICHHO J00aBISUIM  KPUCTAIMYECKUA KapOaMul.
3areM mpum  Temmeparype, paBHoH  25-55°C,
MIPOBOIMIIOCH ITepeMemrBanue cMecu mpu T = 0-30 MuH.

Jamee ropsuuii pacTBOp (QIIBTPOBATH C TIOMOIIBIO
BopoHKH broxHepa. [lonydeHHBIH QIIBTPAT OXITAXKTAIH
mo 0°C m cHOBa OTHpaBISTM Ha (UIBTPOBAaHUE C
IIOMOLIBI0 BOPOHKHM broxHepa. B pesynbrare nomyvanu
TBEpAyI0 (Qpakuuo — KpUCTaLIbl ocdara kapdamua
(CO(NH2),-H3POy).

Tabmuma 3 - 3aBucUMOCTh M3MEHEHHS Macchl pocdara kapOaMuaa OT BpeMEHH B3aUMOJICHCTBHS U
Temrepatypsl mpouecca IpH Cuzpos 86 %

Bpems B3auMoaeicTBys, Macca ¢docara kapdamuaa, T
M 25°C 40 °C 55°C
0 129,96 129,92 129,84
5 129,76 129,37 128,90
10 129,74 128,62 127,90
15 129,65 128,16 127,13
20 129,62 127,83 126,61
25 129,54 127,59 125,87
30 129,53 127,30 125,20

Tabmuma 4 - 3aBucUMOCTh M3MEHEHHS Macchl pocdara kapdaMnaa OT BpeMEHH B3aUMOJICHCTBHS U
Temrepatypsl mpouecca IpH Cuzpos 80 %

Bpewmst B3aumMoaeicTBuys, Macca ¢docara kapdamuaa, T
M 25°C 40 °C 55°C
0 121,72 121,63 121,52
5 121,55 120,94 120,68
10 121,54 120,39 119,57
15 121,16 119,88 118,64
20 120,90 119,52 117,70
25 120,74 119,13 116,48
30 120,58 118,76 115,82

Tabmuma 5 - 3aBucUMOCTb M3MEHEHHs Macchl pocdara kapOaMuaa OT BpeMEHH B3aMMOJICHCTBHS U
TemnepaTypsl npouecca npu Cuspos 75 %

Bpewmst B3aumMoaeicTBus, Macca ¢docara kapdamuaa, T
M 25°C 40 °C 55°C
0 115,15 115,02 114,86
5 114,82 114,21 113,79
10 114,66 113,90 112,85
15 114,45 113,49 111,89
20 114,33 113,10 111,02
25 114,10 112,65 110,31
30 113,99 112,24 109,40
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Tabsuna 6 - 3aBucUMOCTb U3MEHEHHs Macchl pocdara kapbaMuaa OT BpeMEHH B3aUMOJICHCTBHS U
TemnepaTypsl npouecca npu Cuspos 60 %

Bpemst B3auMoeiCTBHS, Macca ¢docara kapbamuma, T
M 25°C 40 °C 55°C
0 97,53 97,21 96,31
5 97,08 96,61 95,60
10 96,80 96,17 94,73
15 96,62 95,72 93,78
20 96,44 95,35 92,75
25 96,26 94,88 91,88
30 96,07 94,44 90,93
[omyuennpie obOpa3msl Gocdara kapbdbammaa Pentrenorpamma  Qocdara  kapbammaa
ObUTM  TOJBEPTHYTHl pEHTreHOrpadUYecKoMy U npeacrasnena Ha puc. 1 (H3POs wnma) u
TEPMOTPaBUMETPUYECKOMY aHalU3y, B pe3yJbTaTe puc. 2 (H3PO4 Tex.).
gero OBUI yCTaHOBJICH COCTaB M  MEXaHH3M Tepmorpammbl ¢ocpara kapOamua
pasnoxeHus (Qocdara xapbdamuga, 9TO TOITHOCTEHIO npexacrasnensl Ha puc. 3 (H3PO4 u.na.) u puc. 4
COBNAJO C JHUTEpPAaTypHbIMU JaHHBIM. C LEnblo (H3POj4 Tex.).

cpaBHEeHHS OpuM chemaHsl  oOpasmsl  (ocdara
kapbamuma — u3 optodochopHOit KHCJIOTHI,
3arps3HEHHON TIpUMeCSMU (TeX.).
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Puc. 1 — Penmeenoecpamma gpocgpama kapbamuoa uz H;POy u.0.a.
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Puc. 2 — Penmeenoepamma gpocghama xapbamuda uz H;POy, mex.
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O0cyxneHue pe3yJbTaTOB

IIpu BBITIOJTHEHU N HCCIIEIOBaHUI
JudpakTorpaMMbl UCCIIEyEMbIX 00pa3IloB MOJy4eHbI Ha
peHTreHoBckoM nudpakromerpe «Siemens DS500» mo
cxeme bperra-bpenrano B naTepBasie yrios 2° < 20 < 60°
(m3nmyuenne CuKo, rpaduToBBII MOHO- XpoMaTop Ha
BTOPUYHOM Iyuke, ckaHupoBanue c maroMm 0,02 rpag,
Bpemss HakormeHus 20 cek. B KaXIOW TOYKe,
TOPU3OHTANIbHAs Pa30EKHOCTh IEPBUYHOTO ITydKa 1 rpa,
npuemnass menb 0,1 rTpam). Pacuer peHTtreHorpamMm
caenan ¢ momomrsio mporpaMmel WinPLOTR u FullProf ¢
ncnoibp3oBaHneM GyHKkuuu QoHrTa MM OMHCaHUS
mpodus [9 - 13].

AmnHanu3 mokasain, 4yTo coctaB (ocdara kapdamuaa,
MOJYYCHHOTO ©3 OpTOPOChHOpPHON KUCIOTHI  (4.m.a)
uieHTn4eH cocraBy (ocdara kapbamuaa, MOITy4YeHHOTO
u3 opTooCHOPHOIT KHCIOTHI (TEX).

JuddepeHunanpHplii  TepMHYECKUH — aHAIU3
(TepMorpaduueckue HMCCIEAOBaHMS) TPOBOJAMIM Ha
nepusarorpade P. Paulix, 1.

Paulix, L. Erdey ¢upmsr MOM (Benrpus).
[pubop Ha  JlepuBaTrorpaMMax  aBTOMAaTH4ecKH
(UKCHpYET OJHOBPEMEHHO: TEMIIEpaTypy MeuH, CKOPOCTh

m3Mepernus: Temreparypsl (JTA), m3MeHeHHE MaccChl
obpasma (TT)) u CKOpPOCTh M3MEHEHHS MacChl BEIIECTBa
(ATT). IlorpemHOCTh HW3MEHEHHS Macchl oOpas3ma B
nporecce HarpeBauus +0,5%. VccaenoBanus MpOBOANIH
B auamna3one Temmeparyp 0 + 120 °C [14].

W3 nurepaTypHBIX HCTOYHHKOB [ 15] n3BecTHO, 4TO
TeMmnepaTypa IuiaBicHus Qocdata kapOamuma paBHa
117,5 °C. Tlpu 3TOM pa3ioXKeHHe HAuMHAeTCs yKe MpHU
TEMIIepaType HW)KE YyKa3aHHOH, a I MOJHOTO
pasiioxKeHus TpeOyeTCs] HECKOIBKO YacoB.

W3 conocraBnenus TepMorpamm Ha puc. 3 u puc. 4
cienyer, 9to sHAoTepMudeckuii dpdext mpu 110 °C u
115,1 °C, COOTBETCTBEHHO, XapaKTEpWU3yeT IUIABIICHHE
tdochar kapbammma ¢ mocreAyomuM 00pa3oBaHUEM

mupo- u MeTtadochara aMMOHHUS IO  CICAYIOLIHM
PEaKITHsIM:
tO
CO(NHz)z'H3PO4 — 2 NH; + CO; + H3POy, (1)
NHj; + H3POq4 -2 NH4H,POs, (2)

3 NHsH,PO, -5 (NH,),P,0; + NHPO; + 3 H.0. (3)

CornacHo pmaHHBIM Tabimu 3 —6 BBIYKCIICHA
CKOPOCTh M3MEHEHHMs1 Macchl Gocdara kapbamuga (Am).
PesynpraThl npeacTaBieHs B Ta0I. 7.
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Tabmuma 7 — CKOPOCTh  W3MEHEHHS  MAacChl
¢docdara kapbamuga
Am

Cuzros, % 25°C 40 °C 55°C

86 0,43 2,62 4,64

80 1,14 2,87 5,70

75 1,16 2,78 5,46

60 1,46 2,77 5,38

W3 npuBeseHHBIX B Tabd. 7 JaHHBIX CIEOYET, YTO
CKOPOCTh M3MeHeHHs macchl (ocara kapbamuaa (Am)
npu  25°C  yBenuuuBaeTci C  yMEHBIIEHUEM
KOHLEHTpauu#u (ochOpHON KHCIOTHI, B TO BpeMs Kak
pu 40 u 55 °C HabnromaeTcs yBEIMICHHE Am JIHIID TS
KOHIEeHTpanui ¢ochopHoii kucinotsl ¢ 86 % mo 80 %, a
3areM Am yMEHBIIAETCs ¢ yMEHbIICHNEM KOHICHTPALIIH
H3PO4. TlpoanammsupoBaB maHHBIE Tabln. 7 MOXHO
czenaTh BBIBOJ, YTO HAWOOJBINAsi CKOPOCTb M3MEHEHUS
Maccel Qocdara kapbammma (Am) HaOmIOmaeTcs B
oOpasne, moiydYeHHOM u3  (OCcHOPHOH  KHCIIOTHI,
KoHIeHTpanuei 80 %.
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