XUMUYECKAS TEXHONOTUS U 3KOMOTUS
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lIpedcmasnensl pesynsmamel ucciedosaHuil no
U3Y4eHuU ycnosuli nosy4eHus Humpamog naHma-
Ha U amoMUuHUS npu OmeOHKEe G30MHOL KUCI0Meb
U3 pacmeopoe 86lUeNayusaHus ompabomaHHo20
Kamanuzamopa KpekuHea. Miccnedogarsi cocmas U
csolicmea npodykmos, npedsioxeHsl HanpagaeHus
UX UCNO/b308aHUS.
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The influence of leaching agent nature of process
on lanthanum leaching ratio from spent petroleum
hydrocarbon cracking catalyst has been established.
It has been identified that aluminum is extracted in
addition to lanthanum by the acid leaching of waste
catalyst. The methods of lanthanum precipitation
over aluminum from waste cracking catalyst leaching
solutions by evaporation of nitrate leaching solution
have been proved. Directions to use lanthanum-con-
taining products have been offered.

Mo paHHbiM U.S. Geological Survey, Muposas
no6biva penkoseMenbHbIX 3neMeHToB (P33) B ne-
puop ¢ 2013 no 2015 rr. coctasuna 110 000 m. Us-
BECTHO, YTO Haubonbluas YacTb MUPOBLIX 3aMacos
P33 3akntoueHa B MecTopoxaeHuax HactHesuTa B
Kutae u CLUA, MoHaumuTta B Bpasunuu, Asctpanuu,
Wnauun. Jiupepom B npoussofcTse P33 no-nipex-
HeMy octaeTca KuTaid, Ha ero Jonio npuxogutcs
86,4 % ot obuiero o6bema nobbiun. Cnpoc Ha P33
U UX COEOUHEHUS MOCTOsHHO pacteT, u K 2020 r.
OXUIGETCA ero nosbilieHue Gonee yem Ha 5 % [1].
[Mo3ToMy UHTEpecHbIM C MPaKTUYECKOR TOUKHU 3pe-
HUS ABNAETCH MOUCK HOBOTO JOCTYMHOIO Chipbs 4NN
nonyvyeHus P33 u ux coeauHeHuin. B kavectse Ta-
KOBOro MOTYT paccMaTpuBaThcsi OTpaboTaHHble Ka-
Tanusatopbl Kpekurra (OKK) ¢ cogepxanuem P33
4,uo 4 % macc.
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B onybnukoBaHHbIX paHee paboTax nokasaHo
[2], yTo Ang nonyYeHUs COENMHEHUI naHTaHa u3
OKK npoBogsT ero KUCIOTHOE BbillenaynBaHue
pacTsopaMu a30THOWM WU CepHOW Kucnot. Asor-
HOKMC/I0E  BbILLENaYuBaHUE NpennoyTUTeNbHee,
Tak Kak Mo3BofseT nepesectu B pacTeop A0 99 %
NaHTaHa rpu MeHbLLIEM KONUYECTBE U3BNEKAEMOrO
anomunus (16,2-20,4 %). JanbHeliee sbigene-
HWEe COoefMHEeHUs NlaHTaHa MPOBOOAT OCAXAEHUEM
aMMuakoM nubo ruapokapboHaToM HaTpUs C nony-
YEeHUeM OCaflKoB CIOXKHOro coctasa. MpennoxeH-
Hble crocobbl BbIAENEHUS NaHTaHa U3 KUCIOTHBIX
pacTBopoB BblillenaunsaHus [3] TpebyT ucnonb-
30BaHMs NOMOMHUTENbHBIX PEAreHTOB, NPU UX pea-
NU3aLUK NPOUCXOAAT MOTEPU KUCNOTLI U 06pasoBa-
HUe pa3baBneHHbIX PacTBOPbI HEWTPaNU3aLMK, Npu
CENEKTUBHOM OCAXAEHUM 3HAYUTENbHas YacTb NaH-
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TaHa TePAETCA U3-3a COOCAXAEHUS C aNOMUHUEM.

[na Toro utobbl u3GexaTb NOTEPb JaHTaHa “
COKPaTWUTh Pacxoj a3oTHOW KUCIOTbl, B KayecTse
BapWaHTa BbIIENEHUS HUTPaTa NaHTaHa U3 a3oT-
HOKUCNBIX pacTBopoB BbiuenaunBaHus OKK Gbina
paccMOTpeHa OTTOHKa a30THOW KUCIOThl C KOH-
AeHcaumeit naporasosoi ¢asbl. [auHbiii cnocob
OCHOBaH Ha TOM, UTO a30THas KUCIOTa MpuU aTMo-
cepHOM AaBNeHUM yHanseTcs w3 pasbaBneHHbIX
BOZIHbIX PacTBOPOB B COCTaBe MaporasoBoi cMecu
6e3 paznoxeHus npw Temnepatypax ao 1219 i
(TemMnepaTypa 06pa3oBaHWs a3e0TPOMHOM cMecu).
Mpu 3TOM Bechb NaHTaH OCTaeTcs B TBEpAOH (ase,
He TpeByioTCa AOMNONHUTENbHbIE peareHTbl ANg ero
BLIENEHUs, NMPUCYTCTBUE HUTpaTa ajlOMUHUA B
TBEPAOM OCTAaTKE MOoC/e OTTOHKM HE NPensTcTBYT
€ro UCMONbL30BaHUIO N0 PSAY HanpasieHUi.

Lienb paboTsl — YCTAaHOBUTL YCIIOBUS NONTYHEHUSA
CMECU HUTPATOB laHTaHa U alioMUHKUA NMPpU OTTOHKE
330THOM KMCAOTHI M3 PacTBOPOB BbllLENAaYMBAHUA
0TpaboTaHHOr0 KaTan13aTopa KPEeKWHra, UsyuuTb
UX COCTaB U CBOWCTBA, HanpaBneHnsa UCMOoNb30Ba-
HUS.

[lng nony4eHUs HUTPSTOB NaHTaHa v antoMUHUA
B BMAE TBEPAOro MpOAyKTa MPOBOAMAW MPAMYIO
OTTOHKY a30THOKKCNIOTO PacTBOpa BbilienaunBaHus
OKK (koHueHTpaLus a30THoM kucnoTl 25-30 %) ¢
nocnenytoLel KoHaeHcaLuueld naporasosoi Gassl.
Jns pasnuuHbIX NMOPUMI KoHAeHCaTa GuKcuposa-
NV Ha4asbHYIo U KOHEYHYIO TeMnepaTypy OTTOHKU.
KOHLEHTpaUWio a30THOM KUCIOTb B KOHAEHCaTe
onpenensnu no fiNOTHOCTU PacTBOpa C MOMOLLBIO
MUKHOMETpa Mocne OXIDKAEHUS BECOBbIM METO-
oM. O6uuit obbem KowaeHcata coctaasn no 80
% oT o6bemMa a30THOKMCIOTO pacTBopa Bbillenayn-
BaHua. OCTaTOK MOCNe OTFOHKU PacTBOpa OX1XA3-
nv A0 06pa3oBaHus TBepaoM (asbl.

SneMeHTHbIM COCTaB NONYYEHHOW NoCIe OTTOH-
KU M oxnaxaeHus TBepnoit dasbl ycTaHasnueanu
PEHTreHOGNIOOPECLIEHTHBIM METOAOM Ha CKaHu-
pyloLieM 3MeKTPOHHOM Mukpockone JSM 5610 LV
€ CUCTEMO 3neMeHTHoro aHanusa EDX JED 2201
JEOL (mmanasoH usMepsembiX KOHLUeHTpauui 0,1~
100 %). MeTonom nopoluka Ha audpaktometpe D8
ADVANCE ¢upmbl BRUKER ¢ notuaroebiM MeTonoM
cvemky (¢ waroM no yrny 28 - 0,03 ° u BblAEPXKOWM
B K30/ TOUKe 3 ceKyH/pl) B AnManasoHe yrnos 62
ot 20 go 80 ° ycraHoBuAu (asoBbiii COCTaB Npo-
aykToB. Paciuindposky AudpakTorpaMm NpoBoAUH

(as0 ]

C MCMoNb30BaHWe MporpamMmHoro komnnekca EVA
(Bruker) u 6a3bl aaHHbix ICDD PDF-2. Tepmorpa-
BuMeTpudeckuit (TG, DTG) aHanus u auddepeH-
LManbHylo CckaHupylowyo kanopumeTpuio (DSC)
obpasiios Benu Ha Aepusatorpade TGA / DSC1
dupmbl METTLER TOLEDO 0 MaKcuMasibHOM Tem-
nepatypbl 800 °C ¢ “cnonb3oBaHUEM B KauecTse
stanoHa Al,0, (nnaTuHOBblE TUFNIU; CKOPOCTb Ha-
rpeeaHus — 10 °C/mun; Macca HaBecku 06pasuoB
60,3-60,9 me). TemnepaTypy nnasneHus T8epaoro
ocTaTKa Moc/ie OTFOHKM ONpPeaenany KanuanapHbeiM
METOLLOM.

CocTaB naporasoBoii U Xuaxoi $as B cucreme
HNO,—H,0 v3BecTeH, HO NPUCYTCTBUE HUTPATOB
naHTaHa W anioMuHWS B PacTBOpe Bbillienayusa-
HWUS MOXXET CYLeCTBEHHO Ha HUX MoBAUATb. [ns
YCTaHOBNEHUS 3aBUCUMOCTU COCTaBa NaporasoBoi
(a3bl, HAXOASLLEHCS B PaBHOBECUU C @30THOKMUC-
NibIM pacTeopoM Bbilenauusadua OKK, ucnonb-
30Banu pacTBOpPbl, OTAUHAIOWMECS COAEPKAHUEM
HUTPaTOB NIaHTaHa W aMOMUHUA (KOHUEHTpauua
naWTaHa coctaensna 09 u 1,8 z/dm?, anoMuHus
-3,1u6,2 2/0m?). C6op KoHAEHCaTa NoC/e OTroH-
KM a30THOKMCIOro pacTeopa Bbilenadusanug OKK
nposoanau no GpakuuaM Npu pasinyHbIX Temne-
patypax (ot 106 no 119 °C), koHueHTpauns HNO,
B KOH[EHcaTe npu 3TOM M3MeHanach ot 3 1o 52 %
(pucyHok 1). YcpenHeHHas KOHLEHTPaLus a30THOM
KUCNOTHl B KoWpaeHcate (6e3 pasgenexus ero Ha
dpakumu) coctapnset 22-24 %.

CpaBHeHUE 3KCMEPUMEHTANbHBIX U TEOPETUYE-
CKMX [@HHBIX O COCTaBe XMAKOM U naporasoBoi
a3 CBMOETENbCTBYKT O TOM, YTO ObpasoBaHue
33e0TPOTNHOW CMeCH B YCNIOBUAX IKCMEPUMEHTA HE
npoucxoamT. MakcuManbHas KOHLEHTpalus asor-
HOW KUCNOTHI B KOHOEHCATE, KaK OTMEYEHO Bblille,
coctasuna 52 % (npu 119 °C), a npu obpasosa-
HWM a3eoTponHoit cMecu koHueHTpauus HNO,
pocturaet 684 % (pucyHok 2). Takoe pacxoxne-
Hue 0ObACHAETCS TEM, YTO He yAanocb AOCTUYL
TeMnepaTtypbl 06pa3oBaHKs a3eoTPOMHON CMecH
(121.,9 °C),4To no3sonuno Gbi YKpenuUTL KOHAEHCAT
Ha 3-4 %.MoXHO NpesnoioXUTb TAKXKE, YTO Npouc-
XOOUT PasnoXeHue asoTHOW KUCNOTbl C 06pasoBa-
HUEM OKCMAOB a30Ta, KOTOpbie BbiBPachiBakTCs B
aTMocohepHbif Bo3ayx. [MoatoMy npu peanusauuu
LaHHOTO MpoLecca Ha npakTuke Heobxoaumo
npeaycMOTPETb BapuaHTbl X YiaBauBaHus AN
CHWKEHUS OTPULATENbHOrO BO3AENCTBUS Ha OKpY-
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Pucyrok 2 - Cocmag ¢a3 npu 0maoHKe a30MHOKUCI020 pacmeopa ebiluenaqueanus OKK

W
Xalolylo Cpeay M YBEMUYEHUS BbIXOAA a30THOM Teepnas ¢asza nocne OTTOHKM COCTOUT U3 M1a-
KucnoThl. MonyyeHHbI pacTBOp a30THOW KUCNOTbI paTUPOBaHHbIX HUTPATOB NaHTaHa W anloMUHKA.
(mo 60 % OT MCXOMHOrO KONMYECTBA B NepecyeTe Takoe NpeAnonoXeHUe 0CHOBAHO Ha TOM, YTO Mpu
Ha KOHLLEHTPUPOBAHHYO KUCIOTY) BO3BPALLAETCA B oTroHKe pacTBopa BblwenaynsaHus OKK B cucteme
npouecc. Al3* — La** — HNO,; — H,0 noBbiWaeTcs KoH-
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LIeHTpaLIMS pacTBOPEHHbIX COMEN, UTO MPUBOIAUT K
MpechILLEHUI0 pacTBopa ¥ 0Bpa3oBaHMUIO 3apoabl-
el KpUCTanioB HUTpaTa anioMuHus (pactBopu-
mocte AL(NO,), B pacTBOpe a30THOM KUCIOTbI
73,9 2/100 cm?). Kpuctannusauus HWTpaTa NaH-
TaHa B [JaHHbIX YCNOBUSX HE MPOUCXOOUT M3-3a
€ro HU3KOM KOHLEHTpaLMU B UCXOLHOM pacTeope
(pactBopumoctb La(NQ,), B pactBope a3oTHOM
kucnotel 75 2/100 em?®). TonHas KpucTanausaums
0CTaTKa MPOTEKAET MpU CHUXKEHUMU TeMmnepaTyps
po30-35 °C.

Onpenenerve  TeMnepaTypbl nAaBneHus
TBEPLOr0 OCTaTKa MOCAe OTTOHKM MOKa3ano, YTo
OH HauWHaeT NnaBuTbCa Npu Temnepatype 39,8 °C.
MonHbifi nepexop B XuAKy a3y 3akaHuMBaeTCs
npw Temneparype 76,7 °C. UssectHo,uto T kpu-
CTa/yIOTULPaTOB HWTpaTa NiaHTaHa U HaHoruppata
HWTpaTa anlMuHKs pasHbl cooTeeTcTBeHHO 40,0
°C n 73,5 °C, yT0 COOTBETCTBYET MHTEPBANY TEMIE-
paTtyp, B KOTOpoM Habnwopaetcs $a3oBbii nepexos
0CTaTka OT OTFOHKM a30THOKUC/IOFO pacTBOpa Bbi-
wenayvpaHus OKK. Mo gaHHbIM peHTreHo)as3oBo-
ro YCTaHOBNEHO, UTO IaHTaH B OCTaTKe MPUCYTCTBY-
et B Buae kpuctaniuueckux La(NO,), - 3H,0

u La(NO,), - 6H,0, antoMunuil - B Buze Kpu-
crannuueckoro AI(NO,), - 9H,0. NMomumo 370-
ro B 0CTatke obHapyxeHa KpucTannuyeckas $asa
La, Al O,,.

M3BecTHo, u4TO rMApaTUPOBaHHbIE HUTPaAThI
aNOMUHUS W NaHTaHa CYLLeCTBEHHO OTAUYaTCS
no TEPMUYECKOM CTOMKOCTU, YTO MOATBEPXKAIeTCS
[LaHHbIMW TEPMOrpaBUMETPUYECKOTO aHanu3a. Ha
TepMorpaMme ocTaTka, NpeABapUTENbHO BbiCYLLIEH-
Horo npu Temnepatype 105 °C, HabnwopatoTcs aBa |
3HAOTEPMUYECKUX NiKa (PUCYHOK 3).

MepBbiit U3 HKUX B AuanasoHe 27-200 °C ¢ Mak-
cumymoM npu 115 °C cooTBeTCTBYET LManasoHy
feruaparauyu HUTPATOB NlaHTaHa U anioMUHUS, a
TaKXke pasNoXeHUI HUTpaTa anoMuHus. V3secT-
Ho, uto AI(NO,), u 9H,0 npyu HarpesaHuu 10
135 °C obpasyeT ocHosHyw conb AL(OH),NO, -
1,5H,0, a npu Temnepatype okono 200 °C pas-
naraeTcs A0 OKCUAa anioMuHus. BTopolt u3 nukos
B AManasoHe Temnepatyp 345-560 °C c makcu-
mMymoM nipu 450 °C COOTBETCTBYET PasfoXEHUID
HUTpaTa naHTaHa ¢ obpa3oBaHWeM OKCMAa, Npu
3TOM Aervapatalus npoTeKkaeT Npu HarpeBaHuu 1o
240 °C, pasnoxeHue 6e3BOJHOMO HUTpaTa NpPouUc-
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xoauT 4epes obpasosaue LaONO, npu Harpe-
BaHuu o 515 °C.

MaccoBoe COOTHOLWEHWE MEXAY NaHTaHOM U
antoMUHUEM B MOJYYEHHOM OCTaTKe (B repecyete
va La,0, n Al,0,) coctasnser 1 : 4-5. Conepxa-
HWe NiaHTaHa B ocTaTKe noce TepMUYeckol obpa-
6oTku npu 600 °C pocturaer 19,6-20,2 %.

CpaBHeHue cocTaBa M CBOMCTB OCTaTKa rocie
OTroHKu ¢ TpebosaHuamu TY CT TOO 38960949-
002-2006 «A30THOKUCIIBIN pacTBOp peaKo3emenb-
HbIX 3N1EMEHTOB» CBUAETENLCTBYET O TOM, YTO MO-
NYYEHHDBIW NOC/E OTFOHKY TBEPAbIA OCTaTOK MOXET
6biTb UCMONb30BaH Npy NPOU3BOACTBE KaTanusa-
TOpOB KpekuHra. Mpucytcteue antoMuHus He By-
LLET SBNATCS MELWaoUIUM areHToM, Tak Kak cuHTe3s
KaTa/IM3aTOPOB KPEKWHra MpOM3BOAUTCS U3 anio-
MOCHAMKaTHOTO Cbipbs. OfHaKo AaHHOE Hanpasne-
Hue TpebyeT fOMONHUTENbHBIX UccienoBaHuit. Kak
6bi710 0OTMEYEHO paHee [3], TepMmuueckas obpaboTtka
NpOAYKTOB NMOAOOHOro coctaBa MpUBOAUT K dop-
MUPOBaHUIO B HUX KpUCTanan4eckon dasbl antomMu-
HaTa naHTaHa. Kepamuka Ha OCHOBE rekcaantoMu-
HaTa naHTaHa, 061aaas TyronnaBKoCTbiO, BbICOKOM
TBEPAOCTbI0, MEXaHUYECKOW NPOYHOCTLIO, HaXOAUT
NpUMEHeHWEe B TNpOU3BOACTBE (YHKLMUOHANbHbIX
MaTepuanoB U KepaMU4ecKmux KomnosuTos [4].
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BbiBoabi:

1) onpeneneHsl YCNOBMUS NONYYEHUS CMECU CO-
eOUHEHUI NaHTaHa U aNioMUHUS NPU OTrOHKE a30T-
HOWM KUCNOTb! U3 pacTBOPOB BbilenauuBaHus OKK.
[ns storo HeobxoauMO oTroHATh He MeHee 80,0 %
Xuakow dasbl U oxnaxzaatb octatok Ao 30-35 °C.
TBEp/bli OCTAaTOK MOC/IE OTTOHKM MPEACTaBNSAET CO-
601 cMeCb r’MapaTUPOBaHHbIX HUTPATOBR aftOMUHUS
U NaHTaHa, B HEM BO3MOXHO MPUCYTCTBUE CIIOXHBIX
COelVHeHuit naHTaHa u anomuHusa. CopepxaHue
nantaHa gocturaet 20,2 %, COOTHOLWEHUE MEXIY
La,0, v Al,O, cocraenser 1 : 4-5;

2) NpennoXeHHbIA cnocob paspeneHuns pacTeo-
pOB BbillleNayuBaHus oTpaboTaHHOro KatanusaTo-
pa KpeKuHra no3BONSeT MOBTOPHO WUCMOJb30BaTh
0o 60 % a3oTHOM KUCAOThI OT €8 UCXOOQHOro KONu-
yecTea. KoHUeHTpaLus a3oTHOW KMCNOTEl B pacTBo-
pe, NoJiyYeHHOM NoCie KOHAEHCALMK NaporasoBoi
hasbl, 3aBUCUT OT TEMMEPATYpbl OTTOHKM U MOXET
M3MeHaTbCs 0T 3 0o 52 %, ycpenHeHHas KOHUEH-
Tpauus coctaBnset 22-24 %;

3) OCTATOK MOCEe OTFOHKMU a30THOW KUCIOThI U3
pacTBopoB BbiwenaumuBaHus OKK moxeT 6biTh Uc-
NoNb30BaH NMpu MPOU3BOACTBE AMOMOCUNMUKATHBIX
KaTanu3aTopoB KPEKUHTa, allloMUHaTa NaHTaHa.
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