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VJIK 665.637.5

MHOJYYEHHUE KOMIIOHEHTOB MOTOPHBIX TOIIVIUB U3 MA3YTA
C UCHHOJIb30BAHUEM KATAJIN3ATOPA NEXUS - 345P B YCJIOBUSAX
AJPO30JIBHOI'O HAHOKATAJIN3A

Jleonenxo C. B., Kynpsasues C. A., Bpoackuii A. A.

PREPARATION OF COMPONENTS OF MOTOR FUELS OIL USING A CATALYST
NEXUS -345P BY AEROSOL NANOCATALYSIS

Leonenko S. V., Kudryavtsev S. A., Brodsky A. L.

B cmamuve npusedensvi pesyrbmamol uccnedo8anuli kpekuad
mMasyma no  MexHoao2UU  AdPO30AbHO20  HAHOKAMANU3A.
Paccmompena sozmooicnocms nposedenusi 0anHo2o npoyecca
Ha  yeoaumcodepoicawem  kamaauzamope  Nexus-345p
Ilpugedenvi  cywecmeylowue  npoyeccvl — nepepabomxu
VMAICENEHHO20 CbIPbs, OnUcanue 1a60pamopHol yCmaHosKu,
cxema 1abOpAMOpHOL  YCMAHOBKU, MemoObl  OnpedeieHus
ceemubix  Hegpmenpodykmos. Ipu memnepamype 500 °C
6bIX00 ceemblx Heghmenpooykmos cocmasun 70 — 80 %

macc., a memnepamype 450 na ycmamnoske TKM-700-22
cocmasnsiem 45 % macc.

Knrwuesvlie cnosa: xamanumuueckuii Kpekuue, MdA3ym,
Kamanuzamop, eucOpeKuHe.

1. Beenenne. B HACTOSIIEE BpeMs
HedrenepepabarbiBatomIas MPOMBIIIJIEHHOCTH
YKpanHbl UMEET CIIEYIOIINE HEAOCTATKN

o Bricokuit HU3HOC OOJIBIIMHCTBA

TEXHOJIOTHYECKUX YCTAaHOBOK, KOTOPBIH 0koj10 80 %;
¢ Hepocrarounas riryOuHa nepepaboTku He(TH.
e OrcraBanue B 9KOJIOTMYECKUX u
9KCIUTyaTallHOHHBIX  TpPeOOBaHMAX K  MOTOPHBIM
TOIUIMBAM, 10 CPaBHEHHIO CO CTPaHAMU 3aIa/ia.
Huskast rimyOnHa nepepaOoTKi HeTH ocTaeTcst OJHOU
u3 TJIaBHBIX npoOsremMm B YKPauHCKOH
HedrenepepaboTke. B cpennem ona cocrasmser 70 %
Macc, 9YTO 3HAYMTEIBHO HIDKE YPOBHS MHPOBBIX
nokasareneit [1].

Jnist oBbIIIeHus TITyOHHBI NepepaboTku HedTH B
HacToslIee BpEMsl CYHIECTBYET psA  BTOPUYHBIX
nporeccoB. KaramuTuiecknii KpeKHMHI KaK OCHOBHOM
npotiecc BTOPUYHOMN nepepaboTKH. IIpouecc
KaTaJIATUYECKOTO  KPEeKWHra TpoBOIIT B  JHPT-
peakTopax ¢ IpPUMEHEHHEM  MHKpPOC(HEPUIECKIX
ATIOMOCWJIMKATHBIX ~ Karanu3aropoB. Ha  mpumepe
paboTel ycraHOBKH KaTamutmdeckoro kpekuHra(KK)
BakyyMHoro razoitns Ha Jlmcmuanckom HII3 moxkHO

OTMETHTb, IpoMbIlUIeHHas opranu3anus KK umeer psin
HEJJOCTAaTKOB:

e Beicokue TpeOOBaHMS K KaTaIM3aTopy II0
TePMUYECKOH W  MEXaHHYeCKOHM  cTaOMIbHOCTH
(xaTanM3aTop MOCTOSHHO JIBUI'AETCS 110 CHCTEME

® PEaKTOp—pPereHepaTop—peaxkTop pu
temreparype 680-730 °C;

¢ Bonbire rabapuThl OCHOBHOTO 000PYIOBaHHUS:
JUTS  TIPOM3BOTUTEIBHOCTH 2 MJH. T/TOI — 00BeM
peaxtopa coctasiser 800 M, pereneparopa — 1600 m’;

o HeB03MOXKHOCTh TepepabdOTKU  YTSHKEICHHOTO

CBIPBsL 6e3 CYIIIECTBEHHOMH PEKOHCTPYKIMN
MIPOU3BOCTBA.
Cnemyromuii 1O  3HAYUMOCTH  YTIIyOJICHUS

nepepabotkn Hedtn mpomecc - rumpokpekwar (I'K).
[Iponiecc mpoBoasT moj AeHCTBHEM BOJOpoAa IpHU
temreparype 330-450°C u paBnenmu 5-30 Mlla B
MPUCYTCTBUH HUKEJIb MOJIHOIEHOBBIX KaTaIN3aTOPOB, K
HeoCTaTKaMH JaHHOTO TIpollecca MOXKHO OTHECTH
BBICOKOE JaBJEHHE M TeMIeparypa a TaK XKe
TIOBBIIIEHHAs! B3PHIBOOIIACHOCTh YCTAHOBKH. [3]

[Ipomecc BHUCOpekwHra - 3TO Ipomecc, Ui
MOJTy4EHHs] TIIaBHBIM 00pa3oM KOTENBHBIX TOIUIMB W3
TYIPOHOB KOCBEHHO yTITyOisis mepepaboTky HedTH.

B otcyrctBre ma HII3 ycraHOBOK BHCOpEKHWHTa
IpU  TPUTOTOBICHWH  TOBAPHOTO  MasyTa  JUIAd
obecrieueHHss  €ro  BSI3KOCTHBIX  XapaKTEPUCTHK
3HA4YUTEIbHAS YacTh Ia30MIs UCIIOJIB3yETCsl B KaUeCTBE
pa3baBuTens.

[Tpn BrIIOYEHMHM B cXeMy IepepaboTkn HedTh
mpolecca  BHCOPEKMHIa  JKOHOMSTCS  Ta3oijieBbIe
(pakuum, Tak Kak BUCOPEKMHT TSDKEJIBIX OCTATKOB
MO3BOJISIET TOJNYYUTh KOMIIOHEHT TOBApHOTO MasyTa
(rynpon) Oojee HHM3KOH BS3KOCTH M, KakK CIIEICTBHE,
JIOTIOJTHUTEIbHBIE 00BEMbI BaKyyMHOTO Ta30MIIS.

Takum  0oOpa3oM,  BHCOpEKHHTa  KOCBEHHO
CrOocOOCTBYET YBETHUYCHHUIO TJIyOWHBI TepepaboTKH
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HedTH Ha HII3, 3HAUNTENTFHO COKpaIas BEITyCK Ma3yTa
U yBEITUUUBAsl IPOU3BOJICTBO BAKyyMHOTI'O T'a30MJIs.
OCHOBHOW 3KOHOMHUYECKHH AacleKT NPHUMEHEHUS
npolrecca BUCOPEKHHTa - BBICBOOOKIEHUE BaKyyMHOTO
ra3oiisl ¥ CPeJHUX TUCTUIUIATOB, paHEe BOBIIEKAEMBIX
B NIPOM3BOJCTBO TOBAapHOTO Ma3yTa Kak pa30OaBUTENeH

IS JIOCTYDKEHHUS HEOOXOIUMBIX rnapameTpoB
BsI3KOCTH [2].

Ha CETOIHAIIHUHA JIeHb MOy YMIH
pacmpocTpaHeHHEe TpH BapuWaHTa  OCYIIECTBICHHUS
mporiecca:

® MEYHONH WM BHCOPEKWHT B ME€YH C COKHHI-
CeKIMeH, IpH KOTOPOM BBICOKAs

e Temmeparypa  (480-500°C)  coueraercs ¢

KOPOTKMM  BpeMeHeM  INpeOblBaHHS  CHIpbS B
peakuuoHHO# 30He (1,5-2 MuH);
® BUCOPEKMHI €  BBIHOCHOM  pEaKUHMOHHOM

kamepoil. TpeOyemasi cTeneHb KOHBEPCHH JIOCTHIAETCS
npu Oojiee MsTKOM TemmeparypHoMm pexume (440-
450°C) u nmrensHom Bpemen (10-15 mum).

Hecmotpst Ha  pasHooOpa3HOCTH  mporecca
BUCOpEKHHTa, CIIPOC HA KOTEIBHOE TOIUIMBO MOCTOSHHO
CHIKAETCH, HOBBIE  YCTaHOBKH BUCOpEKHHTra

000pyIyIOTCS CEKIMSAMU YeTKOTo (hpaKIMOHHPOBAHUS,
MO3BOJIAIOIMMY ~ YBEJIMYUTh OTOOpP  JUCTHILIATOB.
Cpennuit BbIxon mpoxykros (% Macc.) mpu pabote
YCTaHOBKHM BHCOpEKHHTA MpeacTaBieH B Tabuuie 1 [4]:

Tabmuna 1

MatepuajbHblii 6ananc 6joka AT
MasyT nocrynuio, % | - 100
[onyueno, % Ha HEPTH
Ci-Cy
Cs-195°C 7
165 - 350°C 25
KoTtenbHoe TOTUINBO (OCTATOK) 64

IIpomecc BuCOpekWHTa OAWH W3 HENOPOTHX U
Majo3aTpaTHBIX MPOLECCOB IepepaboTKH HeTAHBIX
ocraTkoB. Ecnu pasblle BHUCOPEKHMHI MCIOJB30BaJICA
TOJIBKO I CHWXKEHHUS BSI3KOCTH TYIPOHOB, TO TENeph

i yriyOnenuss  nepepabotku  Hetu.  OmgHAaKo
BUCOPEKHHI  CYIIECTBEHHO  IOBBICHTh  TJIyOHHY
nepepaboTKH  HeTH  HE  MOXET  MOITOMY

BBILIETICPEUUCIICHHBIE  (DaKThl CTaBIT BO3MOXKHOCTD
TIONCKA HOBBIX aJIbTEPHATHBHBIX BBICOKO3()(EKTHBHBIX
TEXHOJIOTUH ISl TepepaboTKH YTSHKETICHHOTO CHIPBSI.
Takoll TEXHOJOTMEW BBICTYNAET KPEKUHI Ma3yTa B
YCIIOBHSI a3p030JIbHOTO HAHOKATAIH3A.

2. Hear wu 3amxaum wucciaegoBanus. llemsio
JTAHHOTO WCCJIEIOBAHUS SBJSIETCS H3yYeHHE HOBOTO
mporiecca KpeKWHIa Ma3yTa B yCIOBUSAX a’3pO30JHHOTO
HaHOKaTaJIn3a.

3agauu MccaeI0BaHuUS:

- onpenenuTh (HPaKUMOHHBIA COCTaB HMCXOJHOTO

Mas3yTa;

- OIpPEJENIUTh BIMUSHUE TEMIIEPATyphl U YacTOTHI
KoneOaHWi HAa  KPEeKMHI Ma3yTa B  YCIIOBHSAX
a’pO30JIPHOTO  HAHOKaTajW3a €  IPUMEHEHHEM

[EOTUTCOIEpIKAIIETO KaTtanu3aTopa Nexus-345p;

- TpOBECTM CpaBHEHHUE C  JEHUCTBYIOLIEH
YCTaHOBKOW TEPMUYECKOT0 KPEKHHIa Ma3yTa.

3. MertonoJjorus IKCIEPUMEHTAIBHBIX
HCCIeJOBAHMIT W AHAJUTHYECKOT0  KOHTPOJsA
NPOAYKTOB peakuuu. lccrnenoBaHus NpOBOIWIM Ha
nabopaToOpHOH yCTaHOBKE, IPECTABIEHHOW Ha puc. 1,
KPEKMHTa  BAaKyyMHOTO  Ta30Misi B YCIIOBHSX
a3pO30JILHOr0 HaHOKaTanu3a [7].

Puc. 1 Cxema nabopaTopHOi yCTaHOBKH Ipoliecca KpeKHHTa
Ma3yTa C IPIMEHEHHEM TEXHOJIOTHH a3PO30JI5HOTO
HaHOKAaTaJN3a.

A —ma3yT; b — nponyxTsl kpekusra; B —Boja Ha
oxnaxaenue; I — raspr; 1 — mwnpuueBoi no3atop;

2 — 610K ynpaBieHus1; 3 — KapMaH TepMOIIaphl;

4 — BUOPOYCTPOKICTBO; 5 — peakTop; 6 — METaJIOBOMIOYHBII
¢ubTp; 7 — XONOAUIBHUK;

8 — cOopHEK; 9 — Tepmomnapa; 10 — 6apbotep; 11 — meup

Celppe TOzaeTcsi B peakTop, 00OrpeBaeMbIil
MIeYbl0, I/Ie TPOXOAAT peakuny KpekuHra. Temneparypa
B 30HE PEAKINH N3MEPSAETCS C TOMOMIBI0 KOMIUIEKCHOTO
6moka. Jlyns mpenoTBpalieHMsi yHOCa KaTalu3aTropa
npeaycMotpeH ¢punbTp. [locne peakTopa oxiaKaeHHbIH
MPOJYKT MOCTYIAeT B COOPHHUK,.a 3aTEM HaIPaBIISIOTCS

Ha  aHaiM3. Peaktop  coBepimiaeT  BO3BpATHO-
MOCTyHaTelbHbIE JIBIDKEHUS c HIOMOIIBIO
BUOpOyCTpOCTBA, dYacToTa KoJeOaHWN  KOTOPOro
KOHTPOJIUPYETCS KOMIUIEKCHBIM OJIOKOM. [6]

4. DJxcnepuMeHTANbHAsi 4acTb. Pe3ynbraThl
9KCIIEPUMEHTAIIBHBIX JTAHHBIX B YCIIOBUSIX

a’pO30JILHOTO HAHOKATallM3a Ha Kataim3aTope Nexus—
345p W  cpaBHHTENbHAas  XapaKTepUCTHKAa  C
MIPOMBILIICHHBIMHA JaHHBIMHU TIpeJICTaBlIeHa B TaOiuIe
2.

W3 sKcnepHMEHTaNbHBIX JaHHBIX B Tabimie 2
BUJIHO, YTO IIPM KOHTPOJBHOH pa3rOHKe B Ma3yTe
cojepxkurcss  okonmo 54 Y%wmacc.  dpakumm  c
temmepatypoii  kumemms g0 350  °C.  Ilpm
TEPMOKPEKHHTE€ Ma3yTa C YBEIHUCHHEM TEMIIepPaTyphl
CHIDKAaeTCS BBIXOZA CBeTIbIX HedrenpoaykToB. Ilo
pesynbraraM  TaOmMOel 2 BBIXOZ  CBETJIBIX
He(TENpPOIYKTOB TPAKTUYECKH CTAOWJIBHBIH, T.. TIPH
temmeparypax 200, 300, 400°C cocraBun 49 %macc.
51%macc. u 48 %macc. cooTBeTcTBeHHO. OIHAKO TIpH
temmeparype 500°C  mpomecc TEpMOKpEKHMHra He
YCTOHYMB  BO  BPEeMEHHM  U3-3a  IIOBBIICHHOTO
KOKCOBaHHSI.
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Ta6nuna 2
(DpaKIIHOHHLlﬁ COCTaB NNPOAYKTOB KPEKHUHTIA.
06beM peaktopa 38 cM°, pacxos cepbs 0,4 MI/MHH, aMIUTY A Konebanmii 10 M,
06BEM JINCIIPrHpYOIero MaTeprana 20 cm’
R Dpaxnus, % macc.
No ToC g = Ta3, Ocrarok, Xes 0]
n/n ’ g = n.k. — 180°C 180 —350°C % macc % macc % macc | % macc.
=
1 2 3 4 5 6 7 8 9
KonTtponbHas pasronka MasyTa
2 [ - 1 - ] - | 54 | 5 | 41 | 54 -
Jlanuble 1a00paTOPHBIX HCCISIOBaHUH 0e3 100aBIeH s KaTaan3aTtopa (TepMUYSCKUil KPEKUHT)
3 200 - 49 4 47 49 53
4 300 - - 51 2 47 51 53
5 400 - 48 10 42 48 52
JlaHHbIC Ta0OPATOPHBIX UCCICIOBAHMIA HA IICOIHUTCOACPKaleM KaTanu3arope Nexus-345p
6 400 2,04 56,99 1,83 40,97 59,03 61,91
7 450 3 4,40 61,10 2,56 34,51 65,49 69,13
8 500 6,25 60,64 4,55 26,5 73,50 79,13
9 550 1,54 53,88 10,18 34,4 55,42 66,39
10 400 2,42 63,96 2,11 33,63 66,37 69,56
11 450 4 4,57 65,54 3,04 29,89 70,11 74,22
12 500 7,91 72,31 4,97 19,78 80,22 86,26
13 550 2,72 52,99 8,27 44,29 55,71 65,07
Pe3yubTathl, NoJIyueHHbIE Ha YCTAHOBKE TepMHUUecKoro kpekura Mazyra TKM-700-20 [5]
14 | 450 | | 20 | 25 | 5 | 55 [ 45 55
X s — CYMMapHBbIH BBIXOJ] CBETIIBIX HEDTEIPOIYKTOB
@ — ceNeKTUBHOCTD
IIpoBeneHne KpekuHra ¢ NPUMEHEHHEM a’po30Jsd
karanuzatopa Nexus-345p npu uactore 3 I'm u 30
temieparype 500°C BBIXOJ CBETJIBIX HE(PTEMPOLYKTOB
coctaBmn 73%macc. a BBIXOA OEH3MHOBOH (hpakuuu A
cocraBisier 6%macc. [lpu cpaBHEHHH € TPOIECCOM ’E 60 1~
TEPMOKPEKHHTa BBIXO] CBETIIBIX MIPOTyKTOB 2 P
yBemmunBaeTcs ~20%. Ota Temmeparypa SIBISETCS £ 2 )
o o o # Kontponesag pasronga
ONTHUMAIBHON JUISI JAaHHOM YacTOTBHI U KOHLIEHTPALUH S 40 ¢ e
KaTaji3aropa. E o ¥ Tepreraccioni kpesarmr
0
Ilpu Temmeparypax 450°C BbIXOJ  CBETJBIX g verasosxa TEMT00.23
He(TENPOIYKTOB COCTaBMI 65 Y%Macc., B ToM uucie 4% g 20 ‘ ]
Macc. OeH3MHOBOM (ppakmuu, a mpu Temmepatypax 400 200 S R ats
n 550°C, uacrore 3 T’ BeIXOA cocraBui 59 u 55,4 7 8 AnCVB (Nexus-345p), 4 T
%Macc.  COOTBETCTBEHHO, 4YTO  BBIIIE, YEM B i Temmepatypa, °C
TepMudeckoM kpekuHre. Ilpm wuactote 4 Iu wu
temmeparype 500 °C BbIxon GeH3MHOBOH (pakiuuk B Puc. 2. BEIXOM CBET/INX HeQITETPOYKTOR
cocraBun ~8%macc. (cromben 4 Ttabmuuel 2) H TIpH PasTHYHBIX TEXHOIOTHAX KPEKHHIa
Iu3eNbpHON ¢pakuuu — 72%mMacc (ctomben 5 TaOmuIbI
2). C pocrom Temreparypsl B uHTepBane 400, 450 u 5. BoiBoabl. I[IpoBeneHs! HcciienoBaHus porecca
500°C BBIXOZI CBETJIBIX HE(TENPOAYKTOB yBETHIMBAICS KPeKHHTa ~ MasyTa B  yCIOBHSX  a3PO30JIBHOTO
66,4, 70,1 n 80,2%macc. cootBercTBeHHO. OIHAKO C  papokarammsa Ha Karanmsatope Nexus-345p. Usyueno
poctom Temmeparypsl 10 550 °C BBIXO CBETIBIX  prygmme  Takmx apaMeTpoB  YNpaBIEHUs]  Kak
He(TEeNpOaYKTOB CHU3MICS 0 55,7%Macc., BOZMOXKHO TeMIIepaTypa 1 4acToTa KoJieGaHMil.
n3-3a BBICOKOTO KoKcoBaHus. Ilpomecc kpekuHra mnpu [IpescraBieHa PUHLHAHATBHA cxema

Temneparype 500°C u wuacrore 4 I'm B YCIIOBUSAX
a’pO30JIHOTO ~ KaTallM3a IMOKa3blBaeT CyMMapHBIHA
BBIXOZ cBeTNbIX HedTenpoaykroB 80%wmacc. Ilpm
CPaBHEHHHM BBIXOJ] CBETJIBIX HE(TENPOIYKTOB B
a’posonie Karamusaropa mpu 4 [T COOTBETCTBEHHO
BBIIIE, YEM HA MIPOMBILUICHHON OMNBITHOM YCTaHOBKE
TKM-700-23 (ycTaHOBKa TEPMHUYECKOTO KpPEKHHIa) Ha
56% (Puc.2).

naboparopHoil ycraHoBku. OrmpeneneH (QpakIMOHHBIN
COCTaB Ma3yTa, KOTOpbIi cocTaBui 54 % Macc. CBETIIbIX
HE(PTETPOTYKTOB.

IIpoBeneHne mpormecca KpekWHTa Ma3yT Ha
[EOTUTCOIEPIKAIIEM KaTanm3aTrope Nexus-345p
MTO3BOJINT TIOBBICHTEH BBIXOJ CBETIIBIX HE(PTEIPOIYKTOB
mo 40% wmacc. MO CpaBHEHHIO C TEPMHUYECKAM
KPEKMHIOM. TaK >K€ BO3JEHCTBUE MEXAHOXUMHUYECKOU
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aKTUBAINH HA KaTaJUTUYECKYIO0 CHCTEMY CIHOCOOCTBYET
CHIDKCHUIO SHepruu akTuBaiuu a0 40 kJ[x/Momb.

Ha peiicTByromeil NpOMBINUIEHHON YCTaHOBKE
Tepmuueckoro kpekuHra TKM-700-23 BbIX0[ CBETIBIX
HedTenpoaykToB cocraBisier 45 % Macc., 4TO HHWXKE,
4YeM B TEXHJIOI'MH a’3pO30JIbHOTO HaHOKaTalm3a. Tak ke
TEXHOJIOTHSI a’pO30JbHOTO HAaHOKATallM3a I103BOJISIET
CHHM3HTh 3HEPTO U PEcypco3arpaThl, YTO MOJOKUTEIHHO
OTpa3NTCs Ha PEHTA0EIHLHOCTH MTPOU3BO/ICTBA.
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Jleonenko C. B., KynpsasueB C. A., Bpoacbkuii A. A.
OTpuMaHHs KOMIIOHEHTIB MOTOPHUX NAaJUB 3 Ma3yTy 3
BUKOPHCTAaHHAM Kartajizatopa Nexus - 345p B ymoBax
2ep030JIHOI0 HAHOKATAI3Y

Y cmammi naseoeno pesynomamu 0ocniosrcens Kpexinzy
Masymy 3a MexHONO2IEI0 — AepO30IbHO20  HAHOKAMATI3Y.
Pozenanymo moociusicms nposedenns 0anozo npoyecy Hd
yeonumemicmuomy kamanizamopi Nexus-345p Hasedeno
icnyloui  npoyecu nepepoOKu  8adCKOi  CUpOBUHU, ONUC
nabopamopHoi ycmanosKu, cxema 1abopamopHoi yCmaHosKu,
Memoou  6U3HAYeHHs  CeImaux  Hagmonpooykmis. Ilpu
memnepamypi 500 °C euxio céimnux nagpmonpodykmie cxias
70 - 80% mac., a npu memnepamypi 450 na ycmanosyi TKM-
700-2E cmanosums 45% mac.

Knwwuoei cnosa: xamanimuunuil Kpexiue,
Kamanizamop, gicopexine.

Leonenko S. V., Kudryavtsev S. A., Brodsky A. L.
Preparation of components of motor fuels oil using a
catalyst Nexus -345p by aerosol nanocatalysis

The results of studies on the oil cracking nanocatalysis
aerosol technology. The possibility of carrying out this
process on a zeolite catalyst Nexus-345p presents existing
processes weighted processing of raw materials, a description
of the laboratory setup, the scheme of the laboratory setup,
methods for the determination of light oil. At a temperature of
500 °C light product yield was 70 - 80% by weight and a
temperature of 450 to install TCM 700-2E 45 wt.%.

Keywords: catalytic cracking, oil, catalyst, visbreaking.
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