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PEDEPAT

B cmameoe npedcmasneHsi pesynsmamesl 3Kcne-
PUMEHMAbHbIX UCCIe008aHUll KOMNIEKCHOU nepe-
pabomku ompabomaHHo20 Kamanau3amopa KpekuH-
ea ¢ nonyyeHueM coeduHeHuli AaHMaxa, copbeHma
UOHO8 Memannos 1Ubo MUKposnemMeHmHol 006asKu.
Pe3ynemamsi uccnedo8aHus mexHosao2uu nepepa-
6omku 0mpabomaHHo20 Kamanu3amopa KpeKuH-
2a no3gossm 8bIOUPaMb MexHOM02UYECKY0 CXe-
My nepepabomku 8 3agucumMocmu om mpebyembix
csolicme U HanpasaeHuli UCN0/Ib308aHUS NoJy4yae-
MbIX NPOOYKMO8.

BoBneueHne B X039MCTBEHHbIM 060OpPOT OTXO-
[IOB HampsMylo CBSI3aHO C pelleHneM npobnembl
OXpaHbl OKpYXaloLlei cpedbl U C MOBbILEHNEM
3O PEKTUBHOCTM MCMONb30BAHMS MPUPOLHbIX pe-
CypCoB. YYnUTbIBAsi OFpaHNUYEHHOCTb CbIpbeBOI 6asbl
M HeobXxOoOMMOCTb YOOBJETBOPEHMS MoTpebHo-
CTe MHOTMX OTpac/iell NPOMBILWIEHHOCTM 3a cyeT
umnopTa, ana Pecnybnukn benapycb 3TOT BOMpoC
MMeeT NepBOCTENEHHOEe 3HaveHue. B cBA3M c yeM
0cobeHHO BaXKHOW SBASIeTCS Hay4yHas mpopaboTka
BOMPOCOB WCMO/Mb30BaHWUS B KayecTBe Cbipbsl OT-
X0[L0B Npou3BoAcTBa. K TakMM oTxoaam oTHocuTCS
0TpabOTaHHbIM KaTanM3aTop KPEeKUHra YrneBoLo-
poaos (OKK).

KomnnekcHas nepepabotka OKK Bkntoyaer cra-
LMW KMCNIOTHOTO BbILLENaYnMBaHNS peaKo3eMenb-
Hbix anemeHToB (P33), pa3peneHune cycnensunm OKK
C Nosy4YeHMEeM KUCOTHOTO 3KCTpaKTa M TBEPAOro
0CTaTKa, BblAeNEeHNE KOHLEHTPATa laHTaHa U3 Kuc-
NOTHOro pacTeopa. [1ng nonyyeHuns ToBapHbIX Npo-
LYKTOB HEobXxoauMMo NpeaycMoTpeTb CTaguu npo-
MbIBKM M CYLUKM KOHLEHTpAaTa NlaHTaHa v TBEpPAOro
ocTaTka.

Mpu peanu3aumm LaHHOM TEXHONOMMM HA Npak-
TMKEe HeobXoAMMO onpenenuTb TEXHONOrMYeckue
napaMeTpbl KXXA0M CTaAnM KOMMIEKCHOW nepepa-
60TKM, NO3BONSIOLLME NOMYYATb NPOAYKTbI BbICOKO-
ro Ka4yectBa Npu MMHUMANbHbIX 3aTpaTax peareH-
TOB M 3HEPTUM.

AHanu3 BXOAHbIX MEpPEMEHHbIX Npouecca Kuc-
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ABSTRACT

The article presents the results of the experimen-
tal work on complex processing of spent petroleum
hydrocarbon cracking catalyst for production of the
compounds of lanthanum, sorbents or microelement
additive . The results of the research of the processing
technology of spent petroleum hydrocarbon cracking
catalyst allow you to select a flow chart of processing,
depending on the desired properties and using of the
obtained products.

JIOTHOTO BbILLENAYMBaHMS NOKasan, 4To Hambonee
3HaUMMBIM M3 HUX SBASIKOTCS MacCOBOE COOTHO-
lWeHne OoTpaboTaHHOro Katanm3atopa U KUCOTb
B PEaKUMOHHOM CMEeCH, BUA, U KOHLLEHTpaLns uc-
nonb3yeMon KWCNOTbl, TeMNepaTypa MpOBeAEHUS
npouecca, BpeMsl BbllLeNauYnMBaHUS, KONUYECTBO
cTyneHuern o6paboTku, CNnocod BHECEHUS KMCOTbI.

MNpu BblGOpe BbIWeENaYMBaOWErO areHTa Bbl-
XOOHbIMU MEePEMEHHbIMU SBASKOTCS CTEMEHb M3-
B/IEYEHMS TaHTaHa B 3KCTPAKT, COCTaB NOy4yaeMblxX
KOHLLEHTPATOB, OLIEHMBAEMbIA MO COAEPXKAHMUIO
NAHTaHA, anloMUHMA M MuKponpumecen. Kak oT-
paxeHo B [1], a30THasg KMCNOTa, B CPaBHEHUU C
CepHol, aBnseTca rapasno 6onee 3PPeKTUBHbIM
3KCTPAreHTOM JIaHTaHa U, BMecTe C TEM, B MEHbLLMUX
KONMYeCcTBax MNepeBOAMT B PACTBOP aNtOMUHWIA
CreneHb M3BneYeHUs NaHTaHa B KUCIOTHbIMA 3KC-
TpakT gocturaet 85 % u Gonee npu ucnonb3oBa-
HUWM a30THOM KMCNOTbI C KOHLEHTpaUnen 7 Monb/n,
MaKCMMasibHOE M3B/eYeHne CEPHOM KMCIOTOM L0-
cturaet 53 % [1]. icnonb3oBaHWe a30THOW KMCNO-
Tbl 0151 BbILLLENAYMBAHMS NAaHTaHa UMEET TakKe psif
NPenMyLLECTB NMPY Pa3feneHnr Noayvyaembix KUC-
NOTHbIX paCcTBOPOB:

— 0CaX[EeHWEeM MOXHO MONYYUTb KOHLEHTPAThI
¢ bonee BbICOKMM COAEPXAHMEM NTAHTAHA U MEHb-
UMM ANHOMUHUS;

- pacTBOpbl HEWTpanNU3aLmMK, Nofyyaemble npu
OCaXAEHUN NaHTaHa aMMMAKOM, MOryT BbiTb MC-
Nonb30BaHbl B Ka4eCTBE a30THOrO yaobpeHus;



- B CJlyyae HeobxoaMMOCTU MONyYeHus coeam-
HEHWI NaHTaHa BbICOKOW CTEMEHU YUCTOTbl MOXET
ObITb NPOBEAEHO UX BblAENEHME U3 a30THOKMCIbIX
pacTBOpPOB METOAOM 3KCTpakLumu Th® [2].

Ha ocHOBaHWW NpoBeAeHHbIX UCCNefoBaHWUA U
C Y4€TOM MaKCUManbHOMO M3B/IEYEHUSI B SKCTPAKT
NAHTAHA W aNIIOMUHUSA MO CTEXMOMETPUM paccumTa-
Ha NoTpebHOCTb B a30THOM KMCNOTE NMpu NpoBeae-
HWW KUCJTOTHOTO BbILLENa4ynBaHMS.

B skcnepumeHTax no obpabotke OKK npu pea-
NU3aunM B TEXHONIOTMYECKOM PEXMUME KUC/IOTHOIO
BbILLENAYMBAHMUSA M MONYYEHUU OMbITHOM MApPTUM
KOHLLEHTPATOB NIaHTaHa KMCNoTy 6panu € M3BbITKOM
B 1,5 pasa (rmapomopynb npouecca 1 : 2).

OnHMM K3 onpeaensowmnx GakTopos AN BbI6O-
pa COOTHOLUEHMS Mexay 0TpaboTaHHbIM KaTanusa-
TOPOM M pacTBOPOM KMUCJIOThbI SIBMISIETCS TEMJIOBON
3 dexT peakumun. Bzaumopericteme mexay Komno-
HEHTAMM PeaKLMOHHOM CMeCcH — 3K30TepMUYECKUIA
npouecc, BblaeneHne Tenna npoUCXoauT A0 MO-
MEHTa OKOHYaHWUS peakLuu MeXay ee KOMMOHEH-
Tamu. Uexoas u3 atoro, no TennoBomy 3ddekty
MOXHO OMnpefeNuTb BPeMS OKOHYAHWUS JIMMUTHU-
pytowen ctagum B3aumopaencrtemns OKK ¢ asoTHoM
KMCNOTOM U noaobpaTb rMapoMOAayb NpoLecca.

YcTtaHoBNEHO, YTO TennoBon 3ddekT peakuum
B3aumogeictena OKK ¢ pactBopoM a3oTHOM KuC-
NoToM (KOHUEHTpauus 7 Monb/n) Npu nx COOTHOLLEe-
Hun 1 : 2 coctasnsieT 168 kx/r (A T= 3,4°C), npu
1:4-141 kOx/r (A T=24°C),1:10 - 106 kx/r
(A T=1,8°C).

M3 paccymTaHHbIX 3HAYEHUN TennoBoro apdex-
Ta Cnepyer, YTo BbIOpaHHbIN TMAPOMOAYb ABNSETCS
000CHOBaHHbIM.

MNpu BbIGOpE TemnepaTypHOro pexuma obpa-
60TKM OTpabOTaHHOro KaTanusatopa Heobxoanmo
TAKXe Y4YUTbIBATb TENN0BOM 3P deKT peakumi, npo-
TeKawlLMX B pacTeope. TemnepaTypa peakLMOHHON
CMecu onpefenseTcs HavanbHbIMU TEMNEPATYpaMu
YYaBCTBYIOLMX KOMMOHEHTOB, TENJ0BbIM 3ddek-
ToM B3aumopencTeums kncnotel ¢ OKK 1 TennosbiM
3 deKTOM pacTBOPEHUS KUCOThbI B BOJE.

Yyet Tennosoro addekra B3anmopenctans OKK
C pacTOBOPOM KMC/IOTbl MO3BOJIUT CHU3WUTb PACXOL,
TENNIOHOCUTENS Ha MOAAEepPXKaHue Tpebyemon Tem-
nepaTypbl BbllLeNa4YMBaHMS.

MN3MeHeHWe TemMnepaTypbl Npu NpoOTEKAHUU pe-
AKLUMIA B3aMMOAENCTBMS OTpaboTaHHOro KaTanmsa-
TOpa C pacTBOpaMu KUCNIOT OTPAXKEHO B BuAae rpa-
(DMYECKMX 3aBUCMMOCTEN Ha pucyHKax 1-3.
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PucyHok 1 - 3asucumocmes U3MEHeHUs memnepamy-
pbl om 8pemeHu npu obpabomke OKK pacmgopom
a3omHol Kuciomel KoHyeHmpauuet 4,6 Monb/n
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PucyHok 2 - 3asucumocmes UsMeHeHUs memnepamy-
pbl om spemeHu npu obpabomke OKK pacmsopom
a30mHoU KUciomel KOHUeHmpauueti 7 Moab/n

Pacuet Tennosbix 3ddekToB AN9 PasNMUHbIX
KOHLLEHTpALMI KMCNOT npom3BeseH Ha 1 r otpabo-
TaHHOrO KaTanM3aTopa. YCTaHOBNEHO, YTO TEMIOBOM
3 dekT peakuun Bzanmopenctemsa OKK ¢ as3oTHom
KMCNOTOM KOHUeHTpauunen 4,6 Monb/n coctasnser
53 x[Ox/r, 7,0 monb/n — 106 kOx/r, 14 monb/n - 334
KIK/T.
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UTo Kacaetcs BpEMEHM KUCIIOTHOTO Bblliena-
UMBaHWS, WUCCNELOBAHUS  CTEMEHU W3BIEYEHUS
NaHTaHa B KUC/IOTHBIM pacTBOp MOKasanu, 4to yee-
NimyeHue BpemeHn o6paboTkmM OT 2 A0 3 4acoB He
NMPUBOAMT K CYLLLECTBEHHOMY ee yBennyeHuio [2].
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PucyHok 3 - 3asucumocmes U3MeHeHus memnepamy-
pbl om 8pemeHu npu obpabomke OKK pacmsopom
as’omoli Kucaomel KoHueHmpauuedi 14 mons/n

M3BneueHne naHTaHa Obln0 NpoBefeHO OAHO-
cTyneHyaTon 0b6pabotkoin OKK a3oTHOM KMCNOTOM.
YcTaHOBNEHO, YTO OAHOKPATHAs 3KCTPaKLMs Mo3-
BOJISIET NEPEBECTU B PACTBOP MAaKCMMasbHOE KONMU-
4eCTBO JIaHTaHa, YTO 0ObACHAETCS 0CODEHHOCTAMU
oTpaboTaHHOro Karanusatopa, B KOTOPOM JlaHTaH
He TONbKO BK/IOYEH B CTPYKTYpYy LLEONUTa, HO U
NpuCyTCTBYET B MOHOOOMEHHOM dopMme.

PaspeneHue cycnensmu OKK B pactBope kucno-
Tbl ObIIO NPOBEAEHO MO ABYM BapuaHTaM: oTaene-
HMe 3KCTPaKTa LeHTpudyrMpoBaHMEM M nocneay-
loLLas NPOMbIBKA; NpeaBapuTenbHoe pasbasnexHue
3KCTpakTa nepepn otaeneHveM (LeHTpudyruposa-
HMEM) M NonyYeHue 3a O4HY CTyneHb pa3baBneHHo-
ro 3KCTpakTa (cTeneHb pa3baBneHns BbiOMpaeTcs B
33aBUCMMOCTM OT TpeBOBaHMI K KOHEYHbIM MPOAYK-
Tam). Ocafiku, NONyYeHHble NOCNe OTAENEeHNUS KUC-
NOTHOrO 3KCTPaKTa, UMEIOT BAAXHOCTb 33 — 38 %.

BapwuaHTbl 06paboTkM nony4YeHHOro TBepAoro
ocTaTka noc/ne OTAeneHus pacTBopa KWMCIOThbl 3a-
BMCAT OT LLenel ero fanbHenLWwero NCnoab30BaHus:
npuMeHeHuWe B KayecTBe copbeHTa TpebyeT cTaaunii
NPOMbIBKM U TepMu4yeckon o06paboTku TBEpAoro
0CTaTKa; B C/ly4yae ero UCMosib30BaHUS B KayecTBe
MWKPO3/IEMEHTHOM [00aBKM — CTaams MPOMbIBKU
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otcytctByeT. CopbUMOHHAs €MKOCTb MOMy4eHHOro
copbeHTa No MoHaM xenesa fOCTUraeT 2 Mr-3KB/T.

[na paspeneHns nosyyYeHHbIX KUCIOTHbIX 3KC-
TPaKTOB MOXHO MPeasoXuTb pasinyHble cnocobbl,
BbIOOp O4HOr0 M3 HMX onpepenseTcs TpeboBaHMs-
MW K KOHEYHOMY NPOAYKTY (KOHLEHTPaTY).

B pabote 6blnM pacCMOTpeHbl TakMe BapUaHThl,
Kak:

- HeuTpanusauus KMCIOTHOrO  3KCTPaKTa
pacTBopoM amMMuaka go pH 8,2 c nonyyeHnem KoH-
LLeHTpaToB, COAEPXKALUMX COEAMHEHUS ANOMUHUSA U
NaHTaHa;

- OCaX[eHue CoeamHeHUI naHTaHa KapboHa-
TOM HaTpus, npoTekatowee 1o pH 4,72 1 conpoBo-
XIAoLWeecs YaCTUYHbIM OCAXAEHUEM COEOUMHEHUN
ANOMUHUS;

- ApobHOE 0CaXAeHMe COEAUHEHUI aNtOMUHMS
M NaHTaHa B Pa3/MYHbIX AMana3oHax pH npu Hein-
Tpanusauum pacTBOpoOM amMMuaka [3, 4].

Mpu npoBeneHnn ApOBGHOrO OCaXKAEHWMS CO-
€OMHEHUIM aNOMMHMS WM NIaHTaHA B PasNMYHbIX
[Mana3oHax pH cragus paspeneHusi KMCNOTHOrO
3KCTpaKTa COCTOMUT U3 ABYX 3TANOB — OTAENEHWNE CO-
€AMHEHUM antOMUHUS M NaHTaHa npu pH 3,5-6,3 1
7,2 — 8,2 COOTBETCTBEHHO.

MpuHLUMNManbHas CxeMa KOMMIEKCHOM nepepa-
60TKM OoTpaboTaHHOro KaTanusaTopa npeacrasne-
Ha Ha pUCYHKe 4.

B paccMoTpeHHbIX ciyyvasx Heobxogumon crTa-
Vel Ans NonyvyeHus NpoayKToB nepepaboTku sB-
ngetcs obe3BoxuBaHWe KoHUeHTpaToB. Copepa-
HWe BNarv B Nosly4YeHHbIX KOHLEHTpaTax AoCTUraeT
97 - 98,5 %, uto TpebyeT ux panbHenwer obpa-
60TKM. YCTaHOBNEHO, 4TO 06€3BOXMBAHME OCALKOB
HeWTpanM3aLmMm KUCNOTHbIX 3KCTPAKTOB Ha BaKyyM-
dunbtpe (AP=0,05 Mna) obecneynBaeT CHMXEHNE
nx BnaxHoctn oo 55,0 % - 57,0 %, ueHTpypurnpo-
BaHue (3000 MuH™Y, 5 MuHYT, bakTop pasneneHus
3500) po BnaxHoCTH 65 — 68%.

Pexxum Tepmuyeckon 06paboTKM  monyyeH-
HbIX KOHLLEeHTPATOB BblGMpaeTcs B 3aBUCMMOCTM
OT HanpasfieHus ncnonb3oBaHums. Mpu Heobxoau-
MOCTM MOSYYEHMSI OKCMAOB aNtOMUHWUSA M NAHTaHA
0CagkuM MpoKanueawT npu Temnepatype 450-
500°C.

Pe3ynbTathl McCcnefoBaHMS TEXHONOTUMKU nepe-
paboTkM OTpaboTaHHOro KaTanusatopa KpekKuH-
ra mo3BonstT BblOMpaTb TEXHONOMMYECKYK CXxe-
My nepepaboTKM B 3aBMCMMOCTM OT TpebyeMbix
CBOWMCTB WM HaMpaBNeHUI WCMONb30BaHUS Mpo-
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PucyHok 4 - lMpuHyunuansHas cxema KoMnaekcHol nepepabomku ompadomarHo20 Kamanusamopa

LyKTOB. [loNy4aembli KOHLEHTPAT NaHTaHa MOXET
6bITb MCMNONb30BaH B TEXHONOMMU MPOU3BOACTBA
KaTanu3atopoB, ANS MONyYeHus NaHTaHCoLepXa-
WMX MUKpOynoOpeHuid, B MPOM3BOACTBE TEXHUYE-
CKOM KepaMuKw.

B cootBetctBumu ¢ TY CT TOO 38960949-002-
2006 «A30THOKMCIbIA pacTBOP peaKO3eMesbHbIX
3/IEMEHTOB» KOMTMOHEHTOM, OMpeaensoLMM BO3-
MOXHOCTb MCMOMIb30BAHMS a30THOKUC/bIX PacTBO-
pOB NaHTaHa, ABASETCS NPUCYTCTBME B HUX XKenesa
(He 6onee 0,01% no OTHOLIEHMIO K Macce OKCUAO0B
P33). B a30THOKMCNOM KOHLEHTpaTe, MNoyYeHHOM
“3 0oTpaboTaHHOrO KaTanusatopa KpekKMHra, KOH-
LEeHTpaums xenesa cocraenset 24 - 34 mr/gm>.
MepecyeT copepxXaHusi Xenesa K COLEPXKaHWUIO

NaHTaHa (B nepecyeTe Ha OKCUA) CBMAETENbCTBYET
o ToM, uto m(Fe) : m(La,0,) menbwe 0,01 %. IToT
(aKT cBUAETENbCTBYET O BO3MOXHOCTU UCMOJb30-
BAHUSI MOJYYEHHbIX a30THOKMC/bIX 3KCTPAKTOB B
TEXHONIOMMM NPOM3BOACTBA KAaTa/IM3aTOPOB.

lpoBeneHHble 3KCMEpPUMEHTAsbHbIE UCCIEeno-
BaHMWSI COCTaBa M CBOWMCTB OTPAabOTaHHOrO KaTanu-
3aTOpa KPEeKWHra, YCl0BUIA WU3BNEYEHUS W3 HEro
NaHTaHa CBUAETENbCTBYIOT O BO3MOXHOCTU €ro
KOMM/IEKCHOM nepepaboTku C NofyYeHneM coeam-
HeHuit P33 u copbeHTa MOHOB METANNOB, MUKPO-
3N1eMeHTHOM A06aBKM.
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