POCCUACKUE KATAJIM3ATOPbl HEGTENEPEPABOTKU

BAKYYMHOTIO rA30/MNA

Joponun B.N., Copokuna T.M., unuu N.B., Notanenko 0.B.,

Kopotkoea H.B., Topgexko B.W.

Pa3pa6oTka u BHegpeHMe yeonuTCoAEpPKALLMX KaTanu3a-
TOPOB KPEKUHTa C KOHTPONUPYEMbIM COAEPIKAHMEM pPefiKo-
3EMEMIBHBIX MIEMEHTOB .....cueueninenieeiinenreenaserrneresaennns 9

I KATAJIU3ATOPbl KPEKUHTA

WccneposaHo BansHWe coaepkanua P33 Ha TepMocTabunbHble U Kata-
nuTUYecKUe ceorcTea ueonuta HP33Y B coctase MaTpuubl Katanu3saropa,
cocToslend U3 BEHTOHUTOBOM MUHbI, aMOphHOTO anloMOCKHAKUKATA U TUA-
poKcKAa anioMUHUA. YCTaHOBNEHO, YTO NpU yBeAUYeHUW coaepxanus P33
ot 0 ao 6,5 Mac.% TepMoCTabUAbHOCTL Lie0NIUTa NOBLILWAETCA NPUMEPHO
Ha 100 °C. MokasaHo, yTo yBenUYeHue coaepxaHus P33 B katanusatope
0T 0 A0 2 Mac.% NPUBOAUT K POCTY KOHBEPCUU BaKYYMHOIO ra3oins Ha
8 Mac.%. [puemnemblit ypoBeHb KOHBepcUW cbipba 77-78 % poctura-
eTca npu coaepxanuu P33 B katanusartope okono 0,5 Mac.%. lNokasana
3aBUCUMOCTL BKIAAA peakuuit nepeHoca BoAopoAa oT copepwanua P33
B Karaau3aTope KPeKMHra Ha npumepe W3MeHeHWA COAEpKaHWA WU306y-
TaHa B cymMe obpa3syowmxcs C,-yresogoponos. Ha ocHoee nabopatop-
HbIX lAHHbIX pa3paboTaHa U BHeAPeHa Ha KaTtanu3aTopHOM NPOU3BOACTBE
0AO «faznpomHedTb—OHI13» TexHoNOrMA NPoM3BOACTBA OULLEONUTHBIX Ka-
Ta/M3aTOPOB KPEKUHIA C NOHUMKEHHBIM CopepxaHueM P33 (Mapku M, H).

KnioueBble cnoBa: KatanuTUUECK Uit KPEKUHT, peiKO3eMeNbHbIe 3IeMeH-
Tol, BULLEONUTHLIA KaTanusaTop, 6eH3UH, nepeHoC BOAOPOAA.

CATALYSTS FOR CRACKING
OF VACUUM GAS 0IL

Doronin V.P ., Sorokina T.P., Lipin P.V., Potapenko 0.V.,
Korotkova N.V., Gordenko V.I.

Development and application of zeolite cracking catalysts
with controlled content of rare earth elements ............ 9

The influence of the content of rare earth elements (REE) on the thermal
stability and catalytic properties of HREEY zeolites embedded in cata-
lyst matrices that consist of bentonite clay, amorphous silica-alumina,
and aluminum hydroxide is studied. It is found that an increase in the
REE content from 0,0 to 6,5 wt.% increases the thermal stability of the
zeolite by about 100 °C. It is shown that the increase in the REE content
from 0 to 2 wt.% raises the conversion of vacuum gas oil by 8 wt.%.
The acceptable level of conversion (77-78 %) of raw materials can be
achieved with the content of REE of about 0,5 wt.%. The dependence
of hydrogen transfer reactions on the content of REE in the cracking
catalysts is exemplified by changes in the amount of isobutane in pro-
duced C,-hydrocarbons. On the basis of laboratory data, a technology
for producfion of bizeolite cracking catalysts with a low content of REE
(grades M, H) has been developed and implemented at JSC «Gazprom
Neft—Omsk Refinery».

Keywords: catalytic cracking, rare earth elements, bizeolite catalyst,
gasoline, hydrogen transfer.
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I KATAJIU3ATOPbl PUGOPMUHTA
BEH3UHOBbIX ®PAKLIUU

bogpetit A.b., YemaHos U.9., [apuesa I.®., Kapnos H.C.
OteyecTBeHHbIE MUKpOChepUYecKUe KatanusaTops!
KPeKHHra: pa3paboTka, NpoN3BOACTBO U ONBIT NPOMBILL-
NEHHOU IKCMNYATALMMY .eovrinnennneineeenaaeeeenenennneenenns 14

B 2008 r. Ha nnotaake «MwuMGanCKOro CNeLran3MpoBaHHOTO XUMUYECKOTO
3aB0/1a KaTanM3aTopoB» ObiN OCYILECTBAEH NYCK KOMNJIEKCA NO NPOU3BOACTBY
MUKpOChepUYeCKUX KaTanKu3aropos KpekuHra. B 2012 r. npegnpustuem 6bin
BbIUIPaH KPYNHbIA TeHAEp Ha NOCTABKY KaTanu3aTopa, BbINyCKaeMoro nog Top-
rogoi MapKoi «OkTudanHy, Ha yctaHosry [-43-107M/1 Yumckoro HN3. B cTa-
The NOAPOOHO PACCMOTPEHb! UTOTU ONBITHO-NPOMBILNEHHOW IKCNAYATALMM Ka-
Tanu3aropa Ha yKasaHHOM ycTaHoBKe. Moka3aHa Bbicokan 3deKTUBHOCTL Ka-
TanW3aTopa U Lenecoobpa3HoOCTb pacnpoCcTPAHEHWUA ONbITA €50 IKCRYyaTaLuu.

KnioyeBble cnoBa: KaTaUTUYECKUN KPEKUHT, MUKPOChEepUYECKU KaTa-
JIU3aTop, LLEOAKT, MaTpULa, BbIX0d BEH3UHA, OKTAHOBOE YHCNO.

CATALYSTS FOR REFORMING
OF GASOLINE FRACTIONS

Bodryi A.B., Usmanov L.F,, Garieva G.F.,, Karpov N.S.

Domestic microspheric cracking catalysts: development,
production and industrial operation ......................... 14

A complex for the production of microspheric cracking catalysts
was launched at Ishimbay Specialized Chemical Plant of Catalysts in
2008. In 2012, the company won a major tender for the supply of
a catalyst «Oktifayn» to unit G-43-107 of the Ufa Oil Refinery. The
paper analyzes results of the pilot operation of the catalyst at this
unit. The high efficiency of the catalyst and the benefits of its wider
use are shown.

Keywords: catalytic cracking, microspheric catalyst, zeolite, matrix,
yield of gasoline, octane number.
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boppbi# A.b., Paxmatynaun 3.M., lapuesa 0., Unubaes P.C.
0 HOBbIX rPaHYNMPOBAHHBIX KATANM3ATOPAX KATANUTUYEC-
KOTO KPEKMHTA. .cueeneneeneneeeenaenaeaenaanrearansnninennnaarenanns 19

B 2012-2013 rr. Ha npoMblwneHHbIx nnowaakax CrepaMTaMakcKkoro
3aBOfA KaTanu3aTopoB U MwumbaikcKoro cneunanu3mpoBaHHOro xXu-
MUYECKOTO 3aBOAA KaTanu3aTopoB Bbin OCYWeECTBAEH NycK NPOM3BOACT-
Ba rpaHyIMpPOBaHHbIX KaTann3aropos KpekuHra. Hosble katanusarope
peweHo 6bUT0 BEINYCKaTb NoA TOProBoit Mapkoi «AgamaHTy. B ctatse
AeTaNbHO PacCMOTPeHbl JOCTOMHCTBA YKA3aHHbIX KaTaAWu3aTopos, a Tak-
He 0COBEHHOCTU TEXHONOTUU UX NPOU3BOACTBA.

KnioueBble cnoBa: KaTaUTUYECKMA KPEKUHr, KaTanu3aTop, LeosuT,
ycTaHoBKa 43-102, ApamaHT 3kcTpa, Apamant Cynep.

Bodryi A.B., Rakhmatullin E.M., Garieva G.F., Ilibaev R.S.
New granular catalysts for catalytic cracking

Production of new granular cracking catalysts, branded «Adamant»,
was launched at Sterlitamak Catalyst Plant and Ishimbay Specialized
Chemical Plant of Catalysts in 2012-2013. The paper discusses in
detail advantages of these catalysts and technological aspects of their
production.

Keywords: catalytic cracking, catalyst, zeolite, unit 43-102, Adamant
Extra, Adamant Super.
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Benwint A.C.

CoBpeMeHHOe COCTORHUE, NEPCNEKTUBLI PA3BUTURA
Npouecca U KaTanu3aTopos pudopMUHra 6eH3MHOBbIX
DPAKUMA HEQITU oeeeieiiiiieiineieieee et e et e e e eeens 23

W3noxeHbl nuTepatypHble U NOAYYeHHbIE aBTOPOM faHHble, OCBeWa-
I0lyMe COBpeMeHHOe COCTORHME npouecca M Katanuzaropos pudop-
muHra. Caenanst 0606WeHUA NO BAMAHUI0O XUMUYECKOTO COCTaBaA Chl-
pbsi U YCI0BWIA OCYILECTBNEHWUA HA OCHOBHbBlE NOKa3aTelu npouecca
u nonyyaemoro pudopmarta. [laHa knaccudukauus pasHoBUAHOCTEHR
TexHoNorui pudopMuHra no cnocofly nposBefexus pereHepauuu Ka-
Tanu3atopos. [oKa3aHbl 0COBEHHOCTU TEXHONOTHIA C HENOABUKHBIM U
ABUMYWMMCA CIIOAMW KaTaNU3aTOpOoB, a TaKKe WX JOCTOMHCTBA U He-
AoCTaTKK. Ha OCHOBaHUW NUTEPATYPHBIX AAHHBIX U COHCTBEHHOTO ONbI-
Ta asTopa cAeNaHs 0606LeHus, Kacalowuecs OCHOBHBIX HAaNpPaBEHUN
Pa3BUTUA TEXHONOTUHA U MOAEPHU3ALMM MPOMBIWIIEHHbLIX YCTAHOBOK.
Ocofoe BHUMAHUE YAENAETCA BONPOCAM NOBLIWEHWUS KAayecTsa BbICO-
KOOKTAHOBBIX GEH3UHOB U UX COOTBETCTBUA CyUeCTBYIOWMM CTaHAap-
TaM U TeXHUYeCKuM TpeboBaHUsaM. [laeTcs KauyecTBeHHAs U Konuyec-
TBEHHAA OLlEHKA TEXHUYECKOTO YPOBHA COBPEMEHHBIX KATanu3aTtopos
pucopMuHra.

KnioueBble cnosa: pudopMuHr, 6eH3nHoBbIe hpaKLMM, BbICOKOOKTA-
HOBbIE KOMMNOHEHTbI, anioMONNaTUHOBLIE KAaTanu3artopbl, aKTUBHOCTb,
CeNeKTUBHOCTb, CTabUNLHOCTL, OKTaHOBOE YMUCIIO pUdopMaTa.

Belyi A.S.
Modern state and prospects of the process and catalysts
for reforming of gasoline fractions........................... 23

A ]

The paper analyzes published and author’s original data on the current
state of the reforming process and catalysts. Data on the influence
of operation conditions and chemical composition of the feedstock
on the basic parameters of the process and resulting reformate are
summarized. Reforming technologies are classified on the basis of
the method of catalyst regeneration. The distinctions of technologies
with fixed and fluidized catalysts, as well as their advantages and dis-
advantages, are shown. On the basis of literature data and the author’s
experience, the main trends in technology development and moderni-
zation of industrial plants are compiled. Particular attention is paid to
improving the quality of high-octane gasolines and to their compli-
ance with existing standards and technical requirements. The techni-
cal level of modern reforming catalysts is evaluated qualitatively and
quantitatively.

Keywords: reforming, gasoline fractions, high-octane components,
alumina-platinum catalysts, activity, selectivity, stability, reformate
octane number.
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KATAJIU3ATOPbI U30OMEPU3ALIUN
BEH3WHOBbLIX ®PAKLIUU

akyH A.H., ®époposa M.J1.

I¢peKTUBHOCTL PA3NMYHbBIX TUMOB KaTaNM3aTOPOB U TEXHO-
noruii n3oMepMu3aunm nerkux 6eH3nHOBbIX paKkymi .... 29

[lpoaHanu3upoBaH ONbIT NPOMbIWAEHHOR IKCNyaTauMn XNOpPUPOBaH-
HbIX, UEONUTHBIX U CyNb(aTUPOBAHHBIX OKCUAHLIX KATaNW3aTopoB Ha
POCCHIACKMX YCTAHOBKax U3oMepu3sauuu. Bueapenmne npouecca usome-
pu3aumu B Poccuu Havanock Bo BTOpoi nonosuHe 1990-x rr. MNepeblie
VCTAHOBKM ObINM BBEAEHbI B IKCNAYATALMIO HA LEONUTHbLIX KaTanusaro-

CATALYSTS FOR ISOMERIZATION
OF GASOLINE FRACTIONS

Shakun A.N., Fedorova M.L”
Efficiency of different catalysts and technologies for
isomerization of light gasoline fractions................... 29

The paper analyzes current experience in industrial operation of chlo-
rinated, zeolite, and sulfated oxide catalysts at isomerization plantsin
Russia. Implementation of the isomerization process in Russia began
in the late 90s. The first plants were putinto operation on zeolite cat-
alysts; however, the further development of the isomerization process




pax. [lanee pa3suTue npouecca U3OMepU3aLnUu NPOUCXOAUN0 B ABYX
HanpasNeHUAX: € UCMONb3OBAHUEM XJIOPUPOBAHHBIX U CynbaTMpo-
BaHHbIX OKCWUAHBIX KaTanu3atopoB. Ha npumepax U3 NpoMblWneHHON
NPaKTUKU NOKa3aHbl NpPeUMyLecTBAa U HeAOoCTATKU XJIOPUPOBAHHbLIX
Karanusatopos. K nocnegHum oTHOCATCA BbICOKAA YYBCTBUTENLHOCTL
K NpUMeCAM BNaru U COeAMHEHU Cepbl B CHIPbE, @ TaKKe NpoTeKaHue
NoBOoYHbLIX peakLuit, cnocobecTByOWMX 06Pa30BAHMIO HU3KOOKTAHOBO-
ro npoaykTa B cxeMax ¢ peuuknom Cg. Wcnonb3osaHue cynbgatupo-
BAHHbIX OKCUAHbLIX CUCTEM U36ABNAET OT 3TUX HEOCTATKOB, YTO Noj-
TBEPHKAAET ONbIT MPOMBILWAEHHON 3KCNAyaTauMK CynbhaTUpoOBaHHOTO
KaTanusatopa (-2 Ha oTeyecTBEHHbIX U 3apyBeXHbIX YyCTaHOBKax.

KnioueBble C10Ba: U30MepU3aLUs, LEONUTHbIE KAaTaNnu3aTops!, X10-
pUpPOBaHHble KaTanu3aTopsl, CynbdaTUPOBaHHbIA OKCUAHBIA KaTau-
3atop.

occurred in two ways: using chlorinated or sulfated oxide catalysts.
The advantages and disadvantages of chlorinated catalysts are illus-
trated in the paper by examples from industrial practice. The latter
include high sensitivity to water and sulfur-containing compoundsin
the feedstock and side reactions that contribute to the formation of
low octane products in schemes with a recycle of C4. The use of sul-
fated oxide systems eliminates these drawbacks, which is confirmed
by the experience in industrial operation of a sulfated catalyst SI-2 at
domestic and foreign plants.

Keywords: isomerization, zeolite catalysts, chlorinated catalysts,
sulfated oxide catalyst.

Waryn A.H. — kaHO. xuM. Hayk, 2eHepansHbil Oupexmop 0AD «HIIT “Hegpmexum”». Ten.: (861) 267-80-42. E-mail: alexandershakun@mail.ru

®édoposa M.J1. — mexnudecrui Qupexmop mozo xe npednpusmus. Ten.: (861) 267-80-43. E-mail: mlfedorova@mail.ru

Mmseraunosa A.®., Kucenésa T.M., Mocoxosa 0.M.,
PesunueHko U.1., lOpbes M.10., CkopHukosa C.A.

Cospemenublie KaTanu3atopbl 0AO0 «A3KuOC» ans npo-
UHEeCCOB U3OMEPU3aLUKU U TUAPOAEeNnapadUHU3ALUA ... 38

B OAO «AHrapckuii 3aBOf KaTanW3atopoB WU OPraHUYecKoro CuHTe-
3a» pa3paboTaHbl LEeoNUTCOAepKaUMe Karanu3atopsl W3oMepu3auuu
NeHTaH-TeKCaHOBLIX ¢pakuMid u ruppopenapadMHU3aLum MacnsHbIX
dpakynid. 1na NpuroToBNEHWA KaTanW3aTOpPOB M3OMEPU3aLUU U TUA-
pogenapaduHu3ayu GbiiM UCMOJb30BAHL COOTBETCTBEHHO LIEONUTHE
TWNa MopaeHUT U ZSM-5. LleonuTbl U KaTanu3zaTopsl Ha UX OCHOBE HbIKU
uccnefoBaHbl METOAAMM CKAHUPYIOLEN 31EKTPOHHON U aTOMHO-CUIOBOW
MUKpocKonuu. [poBeaeHsbl UCNBITAHWUA KATaNM3aTOPOB U30MEPU3aLIUK U
ruapofenapauHu3aLUM Ha YCTaHOBKAX NPOTOYHO-LUPKYNALMOHHOTO
U NPOTOYHOrO TUMA CO CTALMOHAPHBIM CNOeM Katanuiaropa. [okasaHo,
4T0 paszpaboTaHHble KaTanu3aTopsl MO AKTUBHOCTU WU CENeKTUBHOCTH
NPEeBOCXOAAT UX aHaNoru, UCNosb3yeMble B MPOMbILWIEHHBIX NpoLieccax
u3omepusauum 1 ruapogenapadmHusalyuu.

Knwouessle cnosa: ueonut, Mopdonorus, NpoMoTUPOBaHUE, U3OMEPU-
3aLMA NeHTaH-reKcaHoBbiX (paKkuui, Katanusartop rugpopenapadu-
HuU3aluK, 6asosas ocHOBA TPAHCGHOPMATOPHOTO MAcna, Temneparypa
3aCTBIBaHMUA.

Gizetdinova A.F., Kiseleva T.P., Posokhova 0.M.,
Reznichenko I.D., Yuriev M.Yu., Skornikova S.A.

Modern catalysts from JSC «APC&O0S» for isomerization
and hydrodeparaffinization...............c...ooo e, 38

Theypaper is devoted to the development of zeolite catalysts for the
isomenization of pentane-hexane fractions and hydrodewaxing of oil
fractions at JSC «Angarsk Plant of Catalysts and Organic Synthesis»
(JSC «APC&O0S»). The catalysts for isomerization and hydrodewaxing
were prepared from mordenite-type zeolites and from ZSM-5, respec-
tively. Zeolites and catalysts on their basis were examined by scanning
electron and atomic force microscopies. The catalysts were tested in
flow-circulation and flow-type fixed bed reactors. It was shown that
the developed catalysts exceed theirindustrial analogues in the activ-
ity and selectivity.

Keywords: zeolite, morphology, promotion, C;-Cg isomerization,
hydrodewaxing catalyst, basis of transformer oil, pour point.
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Cmonukos M.[1., bukmertosa JI.M., Kuposaros [1.14.,
3aronokuna E.B., Kazanues K.B., Mypomues U.B., Benniit A.C.
Katanu3atopbl usomepusauuu 6eH3uHoBbIx hparumii

Ha ocHOBe cyNb(aTUPOBAHHOIO AUOKCUAA LHUPKOHUA,
HaHeceHHOro Ha y-Al,05 ... 44

U3yueHbl HaHeceHHble Pt/SZ/AL,0; katanu3atopsbl, NpUroToBAEHHbIE Me-
TOAOM TepMonu3sa cynbdata UMPKOHUA B nopax HocuTens. Copepxanue

.

Smolikov M.D., Bikmetova L.I., Kir'yanov D.I., -
Zatolokina E.V., Kazantsev K.V., Muromtsev I.V., Belyi A.S.
Catalysts based on sulfated zirconia deposited

on y-Al,0; for isomerization of gasoline fractions...... 44

In this work, supported Pt/SZ/AL,04 catalysts were prepared by ther-
molysis of zirconium sulfate in pores of the support. The content




aKTMBHOTO KOMNOHeHTa (Cynb(aTMPOBAHHOIO AUOKCUAA LIMPKOHMA) B Ka-
Tanusaropax cocrtasnseT 25-30 Mac.%, 4To B 2-2,5 pa3a MeHblle, YeM B
MACCUBHbIX KaTanu3atopax, 3KBUBANEHTHbIX NO KaTalMTUYECKUM XapakTe-
pucTukam. llpoBefeHbl UCMbITAHMA B PpeaKkLUu M30MEpU3aLMN H-TeKcaHa.
lMokasaHo, 4To npu Temneparypax 140-160 °C HaHeceHHble KaTann3aTopel
obecneynBanT BbIXOJ CyMMbl 2,2- U 2,3-auMeTUnGyTaHoB 34-36 Mac.%
npy Bbixode cTabunbHoro karanusara Cs, Ha ypoBHe 96—98 Mac.%, 4To
CONOCTAaBMMO C pe3ynbTaTaMu, NONy4aeMbIMKU NPU UCNONL30BAHMM NpO-
MBIIEHHbIX KAaTann3aTopoB W3OMEPU3aLMK HA OCHOBe Cynb(aTUpoBaH-
HOro IUOKCUAA LMPKOHUA. TonydeHHble pesynbTathl CBUeTeNbCTBYIOT O
TOM, 4TO HaHeceHHble Pt/SZ/AL,0; KaTanusaTopbl MOTyT BbITb UCNONL3O-
BaHbl Ana u3omepusauuu (;—Cq bpakumit C Lienblo NoAYYEHUs KOMNOHEH-
TOB BLICOKOOKTAHOBbIX IKONOTMYECKU YUCTbIX BEH3UHOB.

KnioueBble cnoBa: cynbhaTUPOBAHHLIA AUOKCUA UMPKOHUA, HAHECeH-
Hble KaTanu3aTopbl, U30Mepu3aLmna H-reKkcaxa.

of the active component (sulfated zirconia) in the catalyst is 25—
30 wt.%, which is 2,0-2,5 times lower than that in the bulk cata-
lysts with equivalent catalytic characteristics. The catalysts were
tested in the isomerization of n-hexane. It was shown that at tem-
peratures 140-160 °C, supported catalysts provide a sum output of
2,2- and 2,3-dimethylbutanes of 34-36 wt.% with the yield of sta-
ble catalyzate (s, at 96-98 wt.%, which is comparable with the re-
sults obtained using analogous industrial isomerization catalysts
based on sulfated zirconia. These results indicate that the deposi-
ted Pt/SZ/AL,0; catalysts may be used for the isomerization of
C5-Cg fractions to produce high-octane components of ecologically
clean gasolines.

Keywords: Sulfated zirconia, supported catalysts, n-hexane isomeriza-
tion.
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I KATAJIU3ATOPbI TULPOOYUCTKH
HE®TAHLIX ®PAKLIUU

Mumep3aunn A.A., TomuHa H.H., Hukynbwwun M.A., Makcumos H.M.,
Moxaes A.B., NwyteHko A.W., BuwHesckas E.E.

Katanusatopbt rugpoouncTiu HedTaHbIX dpaKyMi HA OCHO-
Be rerepononucoeauHeHMu Mou W........................... 49

lpuBeaeHs! pe3ynbTaTbl 15-1eTHUX UCCNefoBaHuiA, nposoauMbIX B Ca-
mapckoM I'TY B o6nactu pa3paboTKU BLICOKOAKTUBHbIX CybBUAHBIX Ka-
TANM3aToOPOB ANS FUAPOOYUCTKU NPAMOTOHHBIX M TpyaHONnepepabaTsi-
BaeMbIX HU3KOKAYECTBEHHBIX HEPTAHBIX hPaKLUMUA C UCNONB3OBAHUEM B
KayecTBe npeKkypcopos reTeponoaucoeautenuit (IMC) Mo u W. Uayyen
wupokuit pag I'MC ctpykTypel AHaepcoHa u KerruHa 8 cuMHTe3e cyib-
GUAHBIX KaTanu3aTopos. YCTaHOBAEHb PsAfAbl AKTUBHOCTW reTepo3ne-
MeHTOB, BxoAalWux B cocTas [M1C, B peakuuax ruapoaecynbhypusauum
CEPHUCTbIX CORAMHEHUIA U TMAPUPOBAHUA HEHACBILEHHBIX YINEBOA0PO-
LOB. BoiABNEHb! KOPPENAUUK «KaTANUTUYECKAA aKTUBHOCTb — 3NEKTPO-
oTpuuaTensHocTb retepoaroma I'MC». Ocoboe BHUMaHKWe yaeneHo pery-
SIMPOBAHMIO CENEKTUBHOCTM KaTaNU3aTopoB B OTHOWIEHWUM NapannenbHo
MpoTeKAWMX peaKUMA rUAPUPOBAHMA U TUAPOAECYNbHYPU3ALUU.
Pa3paboTaH WHPOKUA CNEKTP BBICOKOAKTUBHBIX CyNbhUAHBIX KaTanu-
3aTOPOB rMAPOOYMCTKU OU3ENbHOrO TONAMBA, GEeH3MHa KaTanuTuuec-
KOTo KpeKMHTa, BaKyyMHOTO ra3oins U MacnsHoro cuipbs. OTpaboTaHsl
TEXHONOIMK UX CUHTE3a U aKTMBaLMK (cynbduauposanus). PaspaboT-
KV 3anaTeHTOBaHbl U NO CTENeHU rOTOBHOCTU BAU3KM K BHEAPEHUIO HA
npeanpuaTUAX HeTenepepabarbiBatoLleit NPOMBILAEHHOCTH.

KnioueBble cnoBa: cynsduaHble KaTanusartopsl, reTepononucoefm-
HEHUA MONUBAEHa, reTepononucoeMHeHUa BObGpaMa, aKTUBHOCTS,
CeNeKTUBHOCTb, CynbhuAMpoBaHWE KaTanuzatopa, ruapoaecynbhy-
PU3aUMA  CEPHUCTBIX COEAMHEHWHA, TUAPUPOBAHMUE HEHACHIWEHHBIX
YINEeBOJOPOAOB, IMAPOOYNCTKA, OEH3UH KAaTaNUTUYECKOro KPEKWHra,
[M3enbHas dpaKuus, BaKYYMHbIA ra3oinb, MacnaHbie GpaKunu, TEXHU-
yeckuit pernamenT, Espo-5.

CATALYSTS FOR HYDROTREATING
OF PETROLEUM FRACTIONS

Pimerzin A.A., Tomina N.N., Nikulshin P.A., Maximov N.M.,
Mozhaev A.V., Ishutenko D.I., Vishnevskaya E.E.

New sulfide catalysts based on heteropoly acids of Mo and
W 12 series for hydrotreating of petroleum fractions..... 49

The paper presents results of a 15-year research conducted in the Sa-
mara State Technical University on the development of highly active
sulfide catalysts for hydrotreating of straight-run and refractory low-
grade fractions of petroleum using heteropoly compounds (HPC) of
Mo and W types as precursors. A wide range of HPCs with the Keggin
and Anderson structures were used in the synthesis of sulfide cata-
lysts. The activities of heteroelements in the hydrodesulfurization of
sulfur compounds and in the hydrogenation of unsaturated hydrocar-
bons were arranged in series. Correlations of catalytic activity with
electronegativity of the heteroatom of the HPC were found. Particular
attention was paid to the regulation of catalyst selectivities toward
parallel reactions of hydrogenation and hydrodesulfurization. A wide
range of highly active sulfide catalysts was designed for hydrotreating
of diesel fuel, cat-cracked gasoline, vacuum gas oil, and lube stock.
The technologies of their synthesis and activation (sulfidation) were
developed. The catalysts have been patented and are at a high degree
of readiness for the implementation in refining industry.

.

Keywords: sulfide catalysts, heteropoly compounds of molybdenum,
heteropoly compounds of tungsten, activity, selectivity, catalyst
sulfiding, hydrodesulfurization of sulfur compounds, hydrogenation of
unsaturated hydrocarbons, hydrotreating, cat-cracked gasoline, diesel
fraction, vacuum gas oil, oil fractions, technical requlations, Euro 5.
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Knumos 0.B., KopskuHa I ., Tepacumos E.10., Ouk I1.11.,
Neonosa K.A., bynyksa C.B., lepeitma B.10., YBapkuna [1.4.,
Kazarkoe M.0., Hockos A.C.

HoBblit Katanu3arop rny6oKoN rMAPOOUUCTKU BAKYYMHOIO
ra3oulns — CbipbA KaTaJIMTUYECKOrO KPEeKUHra............. 56

Paspaboran Hosbiid CoNiMo/AL,0; katanu3atop my6oKo# rMAPOOYUCTM
BaKyyMHOrO ra3oins, npefHa3HayYeHHblA AN NONYYEHUA Cbipbsi KaTanu-
TUYECKOTO KpeKuHra, copepxawero 200-500 ppm cepbl. Metog npuro-
TOBNEHWA KATANM3aTOPa BKIIIOYAET CTAfiUU: NPUTOTOBNEHWUE HOCUTENs C
33aHHBIMU TEKCTYPHbLIMU, NPOYHOCTHBIMU WU TPAHYNOMETPUYECKUMU Xa-
paKkTepuCTUKaMu, CUHTe3 B pacTBope Bumetannuueckux (Co-Mo u Ni-Mo)
KOMNNIEKCHbIX COeAMHEHUM, UX HaHeceHue U cywKy. [poBeaeHO M NpoaHa-
JM3UPOBAHO CPABHEHUE HOBOTO 06pa3Lia C COBPEMEHHbIMU OTEYECTBEHHbI-
MW M UMNOPTHBIMU NPOMbILWIEHHBIMU AHANOTaMKu NO GU3UKO-XMMUYECKUM
(Texctypa, mopdonorus, cTpyKTypa akTUBHOM (asbl) U KaTaNUTUUECKUM
XapaKTepucTukaM. [okaszaHo, 4TO KaTanu3atop NO3BONAET OCYILECTBAATL
Npouecc rufipooymUcTkU Npu TeMmnepatype Ha 5-20 °C Hue, € BbIXO[AMM
LeneBoi dhpakuuu Ha 4-13 % Gonbuie, YeM Ha Bcex 06pa3Lax cpaBHEHUS.
BbicOKass aKTUBHOCTL HOBOTO Karanu3atopa obycnosneHa obpazoBaHueM
Ha CTaAuu ero CyNnbhUAUPOBAHUS MOHOCNOMHBIX YAcTUL TpUMETannuyec-
kot Co(Ni)MoS da3sbl. TexHonorus npuroToBneHns Katanusaropa nojro-
ToBMEHA K npoMbliwneHHon peanusaumu (000 «HMNK «CunTte3dn, bapHayn,
1000 1/rop), onpefeneHbl OCHOBHbIE TEXHONOMMYECKUE PEXMMBI NpoLecca
ruapooumcTku BIO ¢ ucnonb3oBaHuem pazpaboTtaHHoro katanusaropa.

Kniouesnie cnoBa: rupoounCTKa, TEXHOOMUM, KaTann3aTophl, BaKyyM-
HbIW ra3oinb, MOTOPHbIE TONKBA.

Klimov 0.V., Koryakina G.I., Gerasimov E.Yu., Dik P.P.,
Leonova K.A., Budukva S.V., Pereyma V.Y., Uvarkina D.D.,
Kazakov M.0., Noskov A.S.

New catalyst for deep hydrotreating of vacuum gas oil as
a feedstock for catalytic cracking ............................. 56

A new CoNiMo/AL,04 catalyst was developed for deep hydrotreating
of vacuum gas oil (VGO) intended as a catalytic cracking feedstock
containing 200-500 ppm of sutfur. A method of preparing the cata-
lyst comprises the folloawing steps: preparation of a support with de-
sired textural, strength and granulometric characteristics; synthesis
in a solution of bimetallic (Co-Mo and Ni-Mo) complex compounds;
their application and drying. Physicochemical (texture, morphology,
structure of the active phase) and catalytic characteristics of the new
catalyst were compared with those of modern domestic and imported
Sndustrial analogues. It was shown that the catalyst allows the hy-
drotreating at a temperature 5-20 °C below and with yields of the
desired fraction 4-13 % higher than do all the samples tested. The
high activity of the catalyst is due to the formation of monolayer par-
ticles of a trimetallic Co(Ni)MoS phase during the catalyst sulfidation.
Technology of the catalyst synthesis is prepared for industrial imple-
mentation («NPK Syntez», Barnaul, 1000 tons/year), and the basic
technological regimes of the hydrotreating of VGO with the use of the
new catalyst are developed.

Keywords: hydrotreating, technology, catalysts, vacuum gas oil, engine
fuel.
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I KATAJIU3ATOPbI FTUAPOKPEKMHIA

Ouk .11, Nepeima B.10., Knumos 0.B., Kopakuua . U.,
bynykea C.B., Jleonosa K.A., lepacumos E.10.,

Javunosa W.T., Hocros A.C.

MMAPOKPEKUHT BaKyYyMHOFO ra3oiA Ha TPEXCNOUHbIX
nakeTax, COCTOAUMUX U3 HaHeCeHHbIX cynbpuaHbIx NiMo

M NiW KaTaNIU3aTOPOB .....oiiiiiiiniiaiiaaaaenenannneeeeeeannnns 65

NpennoxeH cnocob ruapoKpekuHra BaKyyMHOTO ra3ols C UCNOSb-
30BaHWEM TPEXCAOMHLIX NAKETOB KaTann3aTopos, B KOTOPbIX BEPXHUA
cnott — NiMo/AL,0; katanusatop, cpepiuit — NIM/AAC-ALO4 M HUKHUA —

CATALYSTS FOR HYDROCRACKING

Dik P.P., Pereyma V.Yu., Klimov 0.V., Koryakina G.I.,
Budukva S.V., Leonova K.A., Gerasimov E.Yu.,
Danilova L.G., Noskov A.S.

Hydrocracking of vacuum gas oil over three-layer catalyst
stacks, consisting of supported NiMo and NiW sulfide
Catalysts . ..o e 65

A new method of hydrocracking of vacuum gas oil was suggested. The
method consists in using three-layer stacks of catalysts in which the
top layer is a NiMo/AL,05 catalyst, the middle layer is NiM/AAS-AL, 05,




NiM/Y-AL,0;, rae M — mMonubpeH nubo sonbtpam, AAC-AL0; — Hocu-
Tentb, copepxalluid 70 % amopdroro amomocunukara (AAC) u 30 % ok-
cuaa anoMunus, Y-AL 05 — Hocutens, copepwalyuid 30 % ueonuta Y u 70 %
OKCuAa anioMuH1a. KUCnoTHble CBOICTBA KaTanu3aTopoB WU3yueHbl Me-
Tofom UK-cnektpockonuu apcopbuposanHoro CO. C npuMeHeHuem npo-
cBeYMBaAIOLEA INEKTPOHHOW MUKPOCKONWU ucciegoBaHa Mmopdonorus
CyNb@UAHBIX YACTUL, HAa NOBEPXHOCTH KaTanu3aTtopoB. TeKCTypHbie xa-
PaKTEPUCTUKM HOCUTENeR U KaTanKU3aTopoB U3Y4YeHb METOAOM a30THOM
nopometpuu. NposesieHo TeCTUPOBaHUE B TMAPOKPEKUHTE BAKYYMHOMO
razofinA nakeTos karanu3satopos, copepxaliux NiMo u NiW katanuzaro-
pbl B pasnnyHbIx KomBuHauuax. fokasaHo, 4To 3ameHa NiMo/AAC-AL,04
KaTanu3aTopa B naKeTe KaTanu3aTopoe, coaepxaluem Tonbko NiMo kata-
nusatopsl, Ha NiW/AAC-AL,0; kaTanu3atop npuBOAMT K 3HAYUTENbHOMY
YBENUYEHUIO BbIXOAA AN3eNbHOW DpaKun.

KnioueBble CRoBa: rufpOKPEKUHT, BaKyyMHbIA ra3odiib, NaKeT KaTanu-
3aTOpoB.

and the lowest layer is NiM/Y-AL,0; (where M is molybdenum or tung-
sten, AAS-AL,0; is a support containing 70 % of amorphous alumino-
silicate (AAS) and 30 % of aluminum oxide, and Y-Al,0; is a support
containing 30 % of zeolite Y and 70 % of alumina). The acidic prop-
erties of the catalysts were studied by IR spectroscopy of adsorbed
C0. The morphology of sulfide particles on the catalyst surface was
studied by transmission electron microscopy. Textural characteristics
of the supports and catalysts were studied by nitrogen porosimetry.
The stacks containing catalysts NiMo and NiW in various combinations
were tested in hydrocracking of vacuum gas oil. It was shown that a
replacement of NiMo/AAS-AL,05 onto NiW/AAS-AL,0; in stacks con-
taining only NiMo catalysts leads to a significant increase in the yield
of the diesel fraction.

Keywords: hydrocracking, vacuum gas oil, catalyst stack.
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NEPCNEKTUBHBIE
KATAJIMTUHECKUE CUCTEMBI
ANA NPOLECCOB HEDTENEPEPABOTKU

Xapwues C.H., Kagues X.M., Kaguesa M.X.

®opMupoBaHMe U CBOUCTBA HAHOPA3MEPHbLIX YACTUL, KaTa-
NU3aTOPOB KOHBEPCUM TAXKENOro ChIpbA, AUCNEPrupoBaH-
HbIX B YTNEBOJOPOAHOU CPEAC ....c.otiiiiiinarnnneaaennnnnnes 74

B nocnepHue roabl UHTEHCUDULMPOBAHBI UCCTIEAOBAHUSA B 06AACTU CUH-
Te3a U NPUMEHEHNUA HAHOPA3MePHbLIX YaCTUL, KaTanu3aTopoB B npoyecce
rMAPOKOHBepCUU. B paboTe U3yueHbl 3aKOHOMEPHOCTU HOPMUPOBAHUA
avcnepcHoi dassl okeupos Mo, Al Fe, Co, Ni ¢ pasmepom vactuy 100-
1000 HM MeTOQOM TepMopasfnoxeHus npu 200-250 °C obpaweHHbix
MUKkpo3Mynbcuid (M3) Ha ocrose cuHTeTUueckux MAB W nenwTapexkaHa
npu cofepmaHuu metanna He 6onee 0,05 mac.%. HaTuBHbIe HeTAHbIE
cTabunusatopsl yrnesoaopoaHoit daset M3 (acdanbTeHb!, KOMNOHEHTH
NErKOTo ra3oina v ryapoHa) CnocobCTBYET CHUXEHUID PAa3MEPOB CUHTE-
3upyeMbix yactuy go 127-200 HM W NO3BONAIOT NOBLICUTL COAEPKaHUe
MeTanna B cTabUNbHONW CyCNeH3uu fo 2 Mac.%. B ycrioBUAX ruapoKoH-
BEPCUM T'YAPOHA MO MeToAy 00PALEHHbIX 3MYNLCU#t 11 STEU CUHTE3UpO-
BaHbl HaHopa3sMepHele Katanu3atopsl (MoS, c pasmepom uactuy 10-
50 HM, a TaKKe KoM6UHUpoBaHHble Al-, Mo-, Co (Ni)-copepxaue cucre-
Mbl), NPOABAAIOLME BbICOKYIO aKTUBHOCTb B NOAABAEHUN PeaKLUUi Nonu-
MepU3aLuU BbICOKOMONEKYNAPHbIX KOMMOHEHTOB Chipbs.

KnoueBble CROBa: ryipoH, TMAPOKOHBEPCUSA, NPEKYPCOP, MUKPO3IMYNb-
CWs, HAHOYACTULIbI, HAHOTETEPOreHHBIA KaTanu3arop, HaTUBHbLIA CTabu-
fU3aTop, acanbreHsl, CMONbI.

ADVANCED
CATALYTIC SYSTEMS
FOR OIL PROCESSING

Khadzhiev S.N., Kadiev H.M., Kadieva M.H.

Formation and properties of nanoscale catalysts dis-
persed in a hydrocarbon medium designed for conversion
of heavy feedstocks ............coiiiiiiiiiiiiiieeeene 74

In recent years, researches on the synthesis and application of nanos-
cale catalysts of hydroconversion were intensified. In this paper, forma-
tion of the dispersed phase of oxides of Mo, AL Fe, Co, Ni with theparticle
size of 100-1000 nm is studied. The oxides were prepared at 200-250
°C by thermal decomposition of reverse microemulsions (ME) based on
synthetic surfactants and pentadecane with the metal content below
0,05 wt.%. Native petroleum stabilizers of the hydrocarbon phase of ME
(asphaltenes, components of light gas oil and tar) contribute to reduc-
ing the size of synthesized particles to 127-200 nm and to increasing
the metal content in the stable suspension to 2 wt.%. Nanoscale cata-
lysts (MoS, with a particle size of 10-50 nm and combined systems con-
taining AL Mo, Co(Ni)) were synthesized in situ under conditions of the
hydroconversion of tar performed by the method of reverse emulsions.
The catalysts exhibited high activity in inhibiting the polymerization of
high-molecutar components of raw materials.

Keywords: tar, hydroconversion, precursor, microemulsion, nanoparti-
cles, nano-heterogeneous catalyst, native stabilizer, asphaltenes, res-
ins.
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Hopouud B.1., lunun T1.B., Motanenko 0.B., Copoxkuna T.M.,
Kopotkosa H.B., fopaetko B.}.

MNepcnekTuBHbIE pa3paboTKU: KaTanu3aTopbl KPeKUHra
MAOBABKM K HUM ...ooonniiniinieees e 82

(Cratba nocsslleHa cosMecTHbIM pabotam UMY CO PAH u 0AO «lasnpom-
HedTb—OHIM3» no co3paHuio Katanu3aTopoB KPekuHra v 06aBoOK K HUM C
Lienbio yBenuyenus otbopa onedmnos (3—C,, cHUKEHUA coflepKaHus cep-
HUCTBIX COBAUHEHUIt B BeH3uHe-npoaykTe U obecnevenus goxura CO npu
pereHepauuu Karanusaropa. Pa3paboTaHbl 6ULEONUTHBIE KaTanu3atopel
KpekuHra, obecneumsatolyme Bbixog onetdmHos (5—C, He Menee 30 mac.%
1 NO3BONSAIOLLME IWUPOKO BAPbUPOBATH COCTAB U BBIXOL, LIENEBbIX NPOAYKTOB
peakuuu. B kauectse 406aBOK K KaTanu3atopy KpeKUHra NpefnoKeHo Uc-
NoNb30BaTh CMeWaHHble OKCUALI MO0 MOAUBUUMPOBAHHBIE LEOAUTHI TUNA
Y u/unn ZSM-5, 370 NO3BONAET CHU3UTL COAEPIKAHWUE CEPHUCTBIX COEAUHE-
HUi B Gen3nHe Ha 35 % (N0 CPaBHEHMIO C PABHOBECHBIM KATaNu3aTopoM).
Ina 3ddektusroro poxura CO npepnoweHa nobaska Ha OCHOBE OKCHUAA
MapraHLa; onbiTHas NapTus fobasku npoussegeHa u ucnbitana 8 0AO «fas-
npomuedTs—0HI3». MokasaHo, uto gns octarouHoro conepxanus CO MeHee
20 ppm pobaeku Ha 0CHOBe OKCMpa MapraHua Tpebyercsa Ha 20 % Gonbue,
YeM NnatuHocodepxalleit fobasku. PaspaboTanHble KaTanu3aTtopbl U 4o-
6aBKu K HUM MOryT npou3BoanTbes B OAQ «faznpomuedTb—OHM3».

KnioueBble cnoBa: myboKUA KaTaMTUYECKUI KPEKUHT, BULEONUTHBIN
KaTanu3aTtop, CEPHUCTbIE COeUHEHUs, NepeHoc Bofopoaa, aoxur CO.

Doronin V.P., Lipin P.V., Potapenko 0.V., Sorokina T.P.,
Korotkova N.V., Gordenko V.I.

Advanced development: cracking catalysts and additives
tothem ... e 82

The paper is devoted to collaboration between IHP SB RAS and JSC
«Gazprom Neft-Omsk Refinery» in designing of new cracking catalysts
and additives to them. The catalysts were designed to increase the pro-
duction of (5-C, olefins, to reduce the content of sulfur compounds in
the gasoline-product, and to ensure the afterburning of CO during the
catalyst regeneration. The new bizeolite cracking catalysts provide the
yield of C5-C, olefins of at least 30 wt.% and allow a wide variation
of compositions and yields of desired products. The addition of mixed
oxides or modified zeolites Y and/or ZSM-5 to the cracking catalysts can
reduce the content of sulfur compounds in gasoline by 35 % (compared
with an equilibrium catalyst). For efficient afterburning of C0O, an addi-
tive based on manganese oxide was proposed. A pilot batch of the ad-
ditive was produced and industrially tested at JSC «Gazprom Neft-Omsk
Refinery». It was shown that to provide the residual content of CO below
20 ppm, this additive is required in amount by 20 % higher than a plati-
num-containing additive. Developed catalysts and additives to them
can be produced at JSC «Gazprom Neft-Omsk Refinery».

Keywords: deep catalytic cracking, bizeolite catalyst, sulfur compounds,
hydrogen transfer, oxidation of carbon monoxide.
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I TECTUPOBAHUE KATAJIU3ATOPOB

Anekcanapos I1.B., byxtusposa I.A., Hockos A.C.
CoBpeMeHHbIe NOAX0AbI K TECTUPOBAHUIO TPaHyNUpoBaH-
HbIX KaTaNM3aTopPOB rMAPOOYNCTHU HeTAHBIX hpaKLui

8 N1ABOPATOPHBIX YCIOBUAK. ...evvvvenrnnnnnniaaieaaaaaaaaaaaaaans 88

B cratbe obcywpaloTcs npobnembl, BO3HUKAOWME NPU TECTUPOBAHUM rpa-
HY/IMPOBAHHbIX KATanM3aTopoB rMAPOOYUCTKU HedTsHbIX hpaKkuui 8 nabo-
patopHbIx ycnosusx. Chopmynuposakbl TpeboBaHua K ycTaHoBKaM, obecne-
4MBaIOLLME BLICOKYIO HAAEWHOCTL NPOTHO3UPOBAHKA NOKa3aTenen npouecca
TUAPOOYUCTKM AM3eNbHbIX BPaKLMiA B NPOMBIWAEHHDbIX peakTopax. [lokasa-
HO, 4TO UCNO/b30BaHUE MeTOAA Pa3baBNeHUA rPaHyN KaTanu3atopa MenKuMu
4acTULAMKM MHEPTHOTO HenopucToro mMarepuana (SiC) nossonser nonyuyars
BOCMPOM3BOAMMbIE Pe3ynbTarhl B Tpexa3Hbix peakTopax Manoro pasmepa,
MUHUMU3UPYS HENONIHOE CMAYMBAHME KAaTanKU3aTopa, NPUCTEHOYHBIA ekt
u obpaTHoe nepeMelwnBaHue XuakocTu. MNposeeHo cpasHeHue pesynbra-
TOB, NOAY4aEMbIX Ha Pa3HbIX 1ABOPATOPHbIX YCTAHOBKAX NPU UCCIEA0BAHUM
Katanu3aTopos rmy6oKoN ruapoOYNUCTKY AU3eNbHbIX paKLMit.

KnioueBbie cnosa: rMapooYuCTKa, AM3enbHOe TONNUBO, TECTUPOBAHUE.

CATALYST TESTING

Alexandrov P.V., Bukhtiyarova G.A., Noskov A.S.

Current approaches to laboratory testing of granulated
catalysts for hydrotreating of petroleum fractions ..... 88

The paper discusses problems arising in the laboratory testing of granu-
lar catalysts for hydrotreating of petroleum fractions. Requirements for
laboratory equipment are formulated that would ensure high reliability
of forecasting the parameters of hydrotreating of diesel fractions in
industrial reactors. It is shown that the dilution of catalyst pellets with
fine particles of an inert nonporous matenal (silicon carbide) provides
reproducible results in small three-phase reactors, while minimizing
such effects as incomplete wetting of the catalyst, the wall surface ef-
fect, and the back mixing of liquid. The paper presents a description of
the laboratory facilities and methods of analysis. Experimental results
obtained in the deep hydrotreating of diesel fractions are compared for
different laboratory facilities.

Keywords: hydrotreating, diesel fuel, testing.
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