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P E O E P A T

OT PA EOTA H H bI il KATAN U 3ATO P K P E K 14 H TA,
PACT BO p B bt UElt ALt U BAH U I, A3OTH Afl K U C-
NOTA, ATTOHKA, HKTPAT NAHTAHA, HUTPAT
AN N M h H'I 9, h C N ON BO BAH 14 E N PA,\YKTO B

llpedcmasneuu prynbmamu uccnedoeaHuil no
By.teHun ycnoeuil nonweHus Humpamoe noHmo-
Ha u onnMuHus npu omeoHKe oEomsafr Kuanomu
w pocmgopos BbrtuenoqueaHun ompa6omaunozo
Kamonuiomopo KpeKuH?a. |'lccnedoeauu cocmas u
ceo1cmao npodyxmoe, npednoxeuot HonpozneHue
ux ucnonBo80Hu9.

A B S T R A C T

WASTE CRACKING CATALYST, SOLIJTION
OF LEACHING, NITRIC ACID, EVAPORATIAN,
LANTHANUM N ITRATE, ALUM INUM N ITRATE.
PRODUCTS USE

The influence of leaching ogent nIture of process
on lanthanum leaching rotio from spent petroleum
hydrocarbon cracking catalyst has been estoblished.
It has been identifed that aluminum is extracted in
addition to lonthonum by the acid leaching of waste
cotIlyst. The methods of lanthanum precipitation
over aluminum from waste crlcking catalyst leaching
solutions by evaporation of nitrate leaching solution
hove been proved. Directions to use lonthanum-con-
taining products have been offered.

flo Aaxxuu U.S. Geotogical Survey, Mr,,tpoBae
,qo6uqa pe4Ko3eMenbHblx gneMeHroe (P3)) s ne-
phog c 20!3 no 2015 rr. cocrasma 110 OOO m.l{=-
BecrHo, ,{ro HaN6oruuag r{acrb MytpoBbtx 3anacoB
P33 saKnlcqeHa B MecropoxAeHugx 6agrHeshra g
Krrae u ClLlA, uoHaqura a 6pa:urru,Aeopanuu,
VuAuu. Jltgepou B npolt3BoAcree P33 no-npex-
HeMy ocraercc Khrafi, Ha ero ,qorlo npuxo4rrce
86,4 % or o6uero o6ueua Ao6uqr. Cnpoc na P33
H HX coeAHHeHilf, nocroeHHo pacrel u r 2020 r.
oxh,qaercs ero noBbluleHue 6olee qeM Ha 5 %lll.
fioarouy r4HTepecHblM c npaKTrqecKoi ro,rxu :pe-
HHs sBrf,eTcg noHcK HoBoro AocrynHoro cblpbg iqng
nonyqeHun P3) u ux coe,qruesrfi. B xaqecrge ra-
KoBoro Moryr paccMarpil Barbcs orpa6ora uu ure xa-
ranr43aropbr KpeKhHra (OKK) c cogepxarNeu P33
Ao 4 7o uacc.

xt4Mt4'tEcKAg TEXHO/tOrqg V )KOfi OrUg

B ony6nraxoaaHHbtx pauee pa6orax noKa3aHo

[2], vro Anr nonyqeHur coeAHHeHHi nanraxa us
OKK npoeo4sr ero KuclorHoe BbtqeflaqrBaHXe
pacrBopaMu aaorxoi r,l.rrr,l cepHofi xucror. Asor-
HOKHCIOe Bbt[4enaqilBaHue nperqnoqTHTeIbHee,
raK KaK no3BoJrrer nepeBecrx B pacrBop Ao 99 %
IaHTaHa npu MeHbuJeM KorHqecTBe h3BrieKaeMoro
an$MuHuA (76,2 - 20,4 %). .[aruHefi uLee Bbtrqene-
HHe COeAHHeHHf, raHTaHa npoBo.qgT ocaxAeHueM
aMMHaKoM lu6o rr4poxap6ouarou Harpufl c nory-
qeHHeM oca,qKoB clloxHoro cocraBa. flpegloxeH-
nute cnoco6ut BbtAeneHhg flaHTaHa h3 Kr,tcJtorHbtx
pasrBopoB BuqenaquBannn l3l rpe6ynr ilcnorb-
3OBaHrg AOnOnHrTeIbHbtx peareHToB, npH ilx pea-
nv3aquu npoucxoAgTnorepH KHcloru r o6parosa-
x re pa:6aeneH Hbtx pacrBopu neirpal r 3aLluu, npu
ce/teKTyt BHoM ocaxAeHl,l il 3HaqHTeI bHag qacTb Ia H-
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xl,lMl,.1LtEcKA9 TEXHOnOTI'19 h rKotloTl4 t

TaHa TepgeTctl H3-3a cooca)(AeHH9 C aInMHHileM.

Jlltr roro qro6st Hs6exarb norepb JIaHraHa H

coKparilTb pacxorq asornofi KllcJlorbl, B KaqecrBe

BapuaHTa BblAeJleHhg Hl4TpaTa raHTaHa H3 a3oT-

HoKxclbtx pacrBopoB Bblu{enaqHBaxuq OKK 6ttla

paccMorpeHa orroHKa arorsofi Kuctlorbl c KoH-

AeHcauuei naporasoeofr $aru. .f l,axHufi cnoco6

ocHoBaH Ha TOM, t{To a3oTHat KtluloTa npl4 aTMo-

c$epHot'l AaBfieHHil yp,ansercs r: par6aeneuuutx

Bo.qHbrx pacrBopoB B cocraBe napora:oaofi cvecu

6e: pasroxelne npv reMfleparypax ao 721,9 "C

(rer.rneparypa o6pa:oeaxun a:eorponHoi cMech).

flpu aror'a Becb raHTaH ocraercf, e reepgofr $a:e'

ue rpe6yorcr AonoJIHHrenbHble peareHTbl .4lt9 ero

Bbr.4eleHH9, npt{cyrgfBHe HHTpaTa aI}OMtlHX9 B

TBepAOM OCTaTKe nocJle oTroHKH He npen9rcTBylor

ero r{cnoflb3oBaHHKr no ptgy lanpaanexri '

L{elu pa6oru - ycraHoBxTb ycnoBxs noflyqeHhtl

cMecu HHTpaToB IaHTaHa h anloYtAB|r'.fl npu orroHKe

a:orxofi KmcJtorbl 143 pacrBopoB Bbltrt'etlat{HBaHhtl

orpa6ora H Hoao KaTaJI H3aTOpa KpeKr'l H ra' H3yt'l l4Tb

hx cocraB h cgoicrsa, HanpaBJIeH!'lt l  Hcnorb3oBa-

HUA,

,llnr nony'reuhe HHTparoB raHraHa v anloMuHVA

B 814.0,e rBepAoro npoAyKTa npoBo,qHnil npgMyK)

orro H Ky a3oTHoKl4OlOrO pacrBopa Bbl u-ie.r|aqx Ba H uff

OKK (xonrleHrpaqtin atorsoil KucJlorbl 25-34 Y,) c

noale4y$Lqeil xouAeHcaqnefi naporarosoil $a:lt.

.ll,ns pa:rn,.{Ftutx nopqNfr KoH,qeHcara QHKcHpoBa-
nH HaqanbHyK! H KOHeLtHy$ reMneparypy oTfoHKH-

KouqeHrpaquK) a3orHoil KncJlorbt B KoH,4eHcare

cnpeAengnil no nIoTHOCTH pacrBopa c noMou-iblo

nhKHoMeTpa nocjle oxnaxAeHuf; BecoBblM Mero-

goM. O6t4t{i o6}eM KoH.qeHcara cocraBnsn Ao 80

% or o6teva a3orHoKuc;lofo pacrBopa Bbll4eraqH-

Ba Hu s. 0 graroK nocr e orroH KH pacrBopa oxfi axAa-

ru go o6pa:oBaHHfi rBePLoil $aru.
Jneveurnrtil cocraB nonyueHxoil nocre orroH-

Kr4 14 oxraxAeHus rBepAofi Qa:u yclaHaBnxBanfi

peurreno$ltoopecqeHTHblM MeT0AOM Ha CKaHH-

pyaqeM 3teKrpoHHoM MuKpocKone JSM 5610 LV

c crRevofi 3ileMeHrHoro aHariu3a EDX JED 2201

JEOL (gt/anaEoH l43MepeeMblx KoHqeHrpaqrft 0,1-

100 Z"). Mero.qou nopoulKa ua guQparrouerpe D8

ADVANCE $rapr.lur BRUKER c nouaroeblM MeroAoM

cbeMKH (c uarou no yrny 2A - A,A3 o u eutgepxxofr

e rax4ofr ro,lre 3 cexyHgut) B,qnana3oHe yrnoe 62

or 20 Ao 80 'ycrauoennu 
$a:oaui cocraB npo-

AyrcroB. Pacr:.r raQpoery 4u Qpa rrorpaM M n poBo'qxn il

c hcnofib3oBaHUe nporpaMMHoro xovnnexca EVA

(Bruker) u 6a:st AaHHbrx ICDD PDF-2. Tepuorpa-

BilMerpxeecKvril [G, DTG) aHanur r gu$$epeH-

uHanbHylo cKaHHpytolltylo KanopHMerpuo (DSC)

o6pa:uoe BeJIH Ha ,r,epuBarorpaSe TGA / DSC1

grpuur METTLER TOLEDO,4o MaKcrMarIuuofi reu-

neparypbt 800 "C c Hcnorb3oBaH,4eM B KaLlecrBe

3TanoHa AL,Os (nlarunoeute rhrnh; cKopocrb Ha-

rpeBaHHt - !0"C/nun: Macca HaBecKtl o6parqos

6A 3 - 50,9 ;raa). Teu neparypy nfi a BneH u n rBep.qo ro

ocTarKa nocjle oTro H Ku on peAefl f tl 14 Ka n ilrngpH bl M

MeTO.qOM.

Cocrae naporaeoaoil u xn,qrofr $a: e cucreue

HNOr-H20 H3BecreH, Ho npHcyrcrBre H[rparoB

JraHTaHa H arloMHHtlg B pacrBope BblqenaqhBa-

Hr4rr Moxer cyqecrBeHHo Ha HHx noenhsru. Arn

ycraHoBIeHhg 3aBHCTIMOCTH COCTaBa napora:oaox

Sa:u, Haxo,qsulei lcn B paBHoBecuh c a3orHoKhc-

nbrM pacrBopoM Bbtqel laquBaHilt l  OKK, rcnonu-

3OBaJril pacTBopbl, orttHqalouiHecg co.qepxaHHeM

HhrparoB raHTaHa H arKlM1,1Hl49 (xoHqeHrpaqur

raHTaHa cocraBrfljla 0,9 ra 1,8 zf 0m3, ar$Ml4Ht'ltl

- 3,! u 6,2 z/0ns). C6op xoHgencara nocre orroH-

Kil a3orHoKucttoro pacrBopa BblqetaquBaHHc OKK

npoBo,qhttu no Qparquru npil pa3nu''{Hblx reMne-

parypax (or 106 go 119 
'C), xonqenrparJun HNA,

B KoHAeHcare npx 3ToM t43MeHn;Iacb ot 3 ao 52 %

(p r,r cyH ox 1). YcpegH en Hafl KoH LieHrpa uuc alorHo E

Kr4cllorbr B KoHAeHcare i6e: pa3,4eneHuq ero Ha

$paruura) cocraBrfier 22'24 %.

CpasneHNe SKcneprMeHTarbHblx h reoperhqe-

CKHX ,[aHHbtx o cocraBe xu.qxoil u naporarosofr

Sas ceu.qerenbcrBylor o roM, uro o6pa:oeauue

areorponHot7 cMech B yclloBr4gx 3KcnepHMeHTa He

n poilcxo.qxT. MaxcN N4an uHafi KoH qeHTpau[tl a3or-

uoil xrcnorut B KoH4eHcare, KaK orMeqeHo Bblue,

cocraBuna 52 % (npu 179 "C), a npr o6pasoea-

Huil a3eorponuofi cvecu KoHqeHrpauun HNO,

.qocrrraer 68,4 % (pNcynox 2)' Taxoe pacxoxge-

Hre o6uscssercs reM, qro He yAanocb gocrutlb

reMneparypH o6pa:oeauHfl a3eorponHoil cuecn

(121,9'C), uro no3Borlrl lo 6u yrpenrru KoHAeHcar

aa 3 - 4 %. MoxHo npe,4nonoxxTbraKxe"{ro npohc-

xogr/r pa3noxeHhe a3orHoil xtlcnorut c o6pa:oaa-

HHeM oKchAoB a3ora, Koropble eut6pacsleanrcr e

aruoc$epultil eosAyx. floarouy nph peant{3aqxu

AaHHoro npoqecca Ha npaKTilKe Heo6xo.n'HMo

npe.qycMoTpeTb BapHaHTbl 14X yIaBtHBaHhg Anc

cHHXeHilt orprqarenbHoro gos.qeicrBus Ha oKpy-

#ffi BEcTH14K Bl,iTEECKoro rocylAPcTBEHHOro TEXHotlofl4t{ECKOro vHt4BEPchIETA,2OtT,Np 1 (52)
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7 - xpuean, nocmpoeHHos no meapemuqecxun daxuttu; 2, 3 - moqxu, nonytleHHbte no sKcnepuMeHmonbHbtM dauuotu

pucyuox 7 - 3oeucuocrnb KoH^eHmpoLluu a3omHort xucnomu e xoudeucame om meMnepomypH omzoHKu

I
1
i

xanqyo cpegy H yBenHqeHHe BblxoAa asorHoi

Kl,icrorbr. l1onyveuHuti pacrBop a3orHofr Kilc;Iorbl

(go 60 7o or ucxoAttoro KoJll4LlecTBa B nepecqere

Ha KoHqeHrpt4poBaHHyto xNcnory) Bo3Bpaqaerce B

npoqecc.

BECTHI4K Bl,lTEECKoro roCyIlAPCTBEHHoro TEXHonOrhLlEcKoro vH14BEPCHTETA, 2017, Ne 1 (32)

xilMhqEcKA9 TEXHOJlOrht t ' l  3K0fl Orug

TeepEas $ara nocne orroHKt4 cocrohr t/t3 rtAA-

paTHpoBaHHblx Hl4TpaToB raHTaHa h afioMl'tHHfl.

Taxoe npegnoroxeHue ocHoBaHo Ha roM' qro nptl

orroHKe pacrBopa BblqenaqilBaHfic OKK B cHcreMe

AI3* - LaT+ - HNOB - HrA noBbluaercfl KoH-
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7 - xpuean, nocmpoeHHog no meopemuqecxua \ouuuu; 2,3 - moqxu, noflyqeHHbrc no sKcnepuMeHmanbHbtM dauutru

Pucynox 2 - Cocmae Qas npu om1oHKe ffiomHoKuarcza pacmEopa eilt4enaqusaHun OKK



Xl,lMHqECKA' TEXHOIOTh9 l 't )KOJlOril9

qeHTpauHr pacrBopeHHbrx cojlei, qTo npHBoAr4r K

npecbrueHhp pacrBopa h o6pa3oBaHHn 3apo.qbl-

ueil KpilcrannoB Hr,irpara arKlMhHr,rs (pacreopu-

r.,rocrr ,41(lVOr), e pacrBope asorxofi KXCJtorbl

73,9 a/100 caaJ. Kpucrarnu3autt Hl4rpara fiaH-

TaHa B .qaHHbrx yoloBHrx He npohcxo.quT u3-34

ero Hrsxoi KoHqeHTpauHH B r4cxoAHoM pacrBope

(pacreopuvocrc LI(NOr), e pacreope asotHori

Khcrforbf 75 e/100 c,m3). flonuan Kpxcranrh3aqre

ocTaTKa npoTeKaeT npH cHHXeHhH TeMneparypbl

so 30-35 'C.

Onpegerexue reMneparypu nraBreHilq

TBepAOTO OCTaTKa nocre OTTOHKH nOKa3atO, qTO

oH HaqHHaer nlraBnrbce nph reMneparype 39,8 'C.

floluuril nepexo.q B xllgKyo $ary :axauvNBaercs
npr reMneparype 7 6,7 'C. 1,4:eecrno,uro Too xpn-

cTalnorhAparoB HurpaTa IaHTaHa H HaHorx,qpara
HilTpara annMVHVA paBHbr coorBercrgeHuo 40,0
'C u 73,5 'C, uro coorBercrByer ilHrepBany reMne-
paryp, B KoropoM Ha6nngaercn $asoauil nepexog

ocTaTKa oT oTroHKt4 a3oTHoKHCJtOrO pacrBopa Bbr-
r4eJraqHBaHHr OKK. flo gaHHblM peurreuoQa:oeo-

fo ycTaHoBIeHo, qTo raHTaH B ocTaTKe npr{cyrcrBy-

er B BhAe Kpucrarrxr{ecxux La(NOr), ' SHzO

u La(NA)r. 6H2O,annuuuuil - B Br,{.qe Kpil-

crarruqecKoro AI(NO)r . 9HrO. flouuuo :ro-
ro B ocrarKe o6nappxexa Kpucraflrr4qecxan $aaa
LaroAloo rr.

ly':eecrxo, tlro ru.qparHpoBaHHble HilTparbl

aJrloMHHHg 14 JIaHTaHa CyU.[eCTBeHHO OTL,rqaOTCtl

no repMhqecxofr crofrxocrh, qro no.qrBepxAaercs

AaHHbTMH repMorpaBlaMerpuqecKoFo aHanu:a. Ha
TepMorpaM M e ocrarKa, n peABEpr4Ten bHo Bbrcyu eH -

Horo npr reMneparype 705 "C, Ha6rngaorcc Aea
3HAorepM14qecKux nuKa (pucyxor 3).

f lepeuri u3 Hux B ,quana3oHe 27 -20A "C c vax-

cHMyMoM npu 775 'C 
cooreercrByer.qilana3oHy

AerHApaTaUuh Hl4TpaTOB JIaHTaHa H aJlKlMl,lHH9, a
TaKXe pa3noxeHun Hrrpara arloMl4Hxfl. kl:eecr-
Ho, r{ro AI(NA)3 u gHrO npr,t HarpeBaHtAu Aa
735'C o6pa:yer  ocHoBHyKl  cont  Al (OH)NOr '
t,5HzO, a npu reMneparype oxono 200 "C pa:-

Jraraercg Ao oKcHAa an$MuHVn. Bropofr H3 nHKoB
B .qrana3oHe reMneparyp 345-560 

'C c uarcu-
MyMoM npu 450 'C cooreercrByer pasnoxeHho

HilTpara raHTaHa c o6pa:oeauneM oKcHAa, npH

3TOM Aeril,qpaTaqh9 n poreKaer n p 14 Ha rpeBa H H il .qo
240 "C, pa3noxeHhe 6ersoguoro Hilrpara npouc-

56

54

s0 r'c lsc r0o 250 30s .is 450 oC 
tD. rsg 6ds dio ?00 rss

Pucyxox 3 -TepuoepaMMo ocmamKo nocne omeoHKu a3omHoKucnozo pacmsopo Buuenoeueanun OKK
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xo.qur qepe3 o6pa3oBaHue LaONO, npx Hafpe-

BaHfirl ro 5t5 "C.

Maccoeoe coorHoueHile Mex14y naHTaHoM t4

aJrnMHHheM B noryqeHHoM ocrarKe (e nepec,lere

ua LarO, u AlrO r) cocraBrser t : 4-5. Co,qepxa-
Hhe JraHTaHa B ocrarKe nocre repMHuecroi o6pa-
6orxn npr 600 "C gocrilraer 19,6-20,2 %.

CpaeHeuue cocraBa h ceoficrg ocrarKa floule

orroHKr.r c rpe6osanNsvr TV CT TOO 38960949-

002-2006 <A:orxoxucnufi pacreop peAKo3eMenb-

Hbtx 3reMeHToB> cBuAerejrbcTsyeT o ToM, t{To no-

lyueururil noclre orroHKr raep.qutX ocraroK Moxer

6utru rcnolu3oBaH nph npolr3BogcrBe Kararu3a-

ropoB KpeKhnra. f lpNcyrcrBhe aJIoMHHrn ne 6y-

.qeT 9B'|RTC9 MeUJaAqHM areHTOM, TaK KaK CHHTe3

KaTaIh3aTOpOB KpeKHHra npOt,r3BOrqUTCfl U3 ann-

MochlruKarHoro cbrpbr. OAsaxo AaHHoe HanpaBne-

x ue rpe6yer,qon or H ilrefl bH brx r,,rccn e.qosaFt il fi . Ka x

6rrro orMe.reHo paHee [3],repurvecxan o6pa6orxa
npoAyKroB nogo6xoro cocraBa nphBogr,rr K Qop-
MupoBaHHo B HHX Kpr4cranruqecxofi $aru alnur-

Hara ,laHTaHa. Kepauuxa Ha ocHoBe reKcaaJInMX-

Hara taHTa Ha, o6laAag ryfonra BKocrulo, gut coroti

TBep.qocrba, MexaHilqecKoil n pov xocrup, HaxoAHT

npHMeHeHHe B npoh3BoAcrae QyuxqroHanbHbtx
MarepuanoB r KepaMhqecKHX KoMno3uroe [4].

Xl4Ml,ltlECKA' TEXHOrlOfl,'ltl V iKOI]lOfl4q

Burso4ur:
1) onpegelexbr yc'lloBl,rg nonyqeHun cMecil co-

eAuueuuilnaHTaHa vannvuHug npil orroHKe a3or-
nofi xrcloru H3 pacrBopoB Bblu{eraqilBaxrc OKK.

.[Jn sroro Heo6xoguuo orroHsrb He MeHee 80,0 %
xxAxoil Sa:u u oxnaxAarb ocraroK Ao 30-35 'C.

Teepgurfi ocraroK nocne orroHKH npeAcraBneer co-
6ofr cvecu rnrqparr poBaH H brx H r,rrparoB ar mM h H H g

H IaHTaHa, B HeM BO3MOXHO npHCyrCTBt,te CIOXHbIX
coe4rueuufi JraHTaHa t an$MuHuA. CogepxauNe
raHTaHa Aocrr{raer 20,2 %, coorHoueHue Mexqy
LarOru Al rO,  cocraBneer ! :4-5;

2) npe4.noxenHuil cnoco6 pa3geneHhe pacrBo-

poB B bl qenaq l4BaHVs orpa6ora r noro Karalr x3aro'
pa KpeKHHra no3BorseT noBTopHo ucnoJib3oBarb

Ao 60 % asoruoil Kuc;lorbr or ee HcxoAHoro KoJIH-
qecrBa. KosuenrpaqNs asorHofi KHCJlorbr B pasrBo-

pe, nony'.reHHoM nocjre KoHAeHCaqHH napora:oeoi

Qa:rr, raeucur or reMneparypbr orroHKr4 t,r Moxer

n3MeHsrbcfl or 3 .qo 52 oA,ycpepneHHaf, KoHqeH-

rpaque cocraBneer 22-24 %;

3) orraror noclte orroHKl,,r a3orHoil Kucnorbr r,,r3
pacrBopoB Bbru{eralrrBaHuc OKK Moxer 6utru uc-

no'| b3oBa H n pu f tpot43Bo,4cTBe ar oMoct4l| H KaTH blx
KaTaI h3aTOpOB KpeKL{ H fa, ar }OM h Hara Jra HTa H a.

BEcrHl,4K Br4TE6cKofo rocvllApcrBEHHoro rEXHororrqEcKoro vHHBEPcHrErA,2077, Ne 1 (32) f f i


