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Katanus B xuMuueckomn
U He(hTeXUMUYECKOMN NPOMbILIIIEHHOCTH

CynpyH B., Nann X. la3oc¢a3Has KOHBEpPCUA rAnLLEPUHA
Ha CMeLaHHbIX METANINI-OKCUAHDLIX KaTaNM3aTopax ......... 7

B paboTe cuHTE3MpPOBAH M OXapaKTepU30BaH pag antomodocdarHbix Kara-
nu3atopos Ha ocHoee okcuaos mertannos (Ce, Cu, Fe, Mn, Mo, V u W) Hake-
ceHHbix Ha X-Al,03 npu nocTosHHOM cooTHoweHun M : Al=1:10 1 PO :
: Al = 1:12. Karanu3aropbl UCCNeaoBaHbl METOAOM HWU3KOTEMNEPATYpPHOM
apcopbuun asota, XRD u NH;-TPD-ananusom. Karanutudeckas aktus-
HOCTb KOHTAKTOB WUCCNeAoBaHa B npouecce razoda3Hoi aernaparaunu
BOJIHOTO pacTsopa rmuulepuHa B npoToyHom peaktope npu 280 °C. Yc-
TaHOBJIEHO, YTO aKTUBHOCTb KAaTanW3aToOPOB B KOHBEPCUM ITULIEPUHA W Ce-
NIEKTUBHOCTb 0HPa30BaHMA NPOAYKTOB 3aBUCKT OT WX 0OLEH KUCTOTHOCTH
¥ TUNA OKCHAA METanNa nepeMeHHol BaneHTHocTH. Haunyywei cenektue-
HocTblo K ofbpa3osaHuio akponeuHa obnagait W- u Mo~APO-KoHTaKTbI
(52-28 %). Cr-, Mn- u W- okcupacoaepalyme Karanusaropel cnocobcrsyior
obpazoBaHuio deHona, a TakKe Bbi3biBAKT AECTPYKTUBHLIA pacnag rmu-
uepuHa ao aueranbaernaa u C0,. KoHtaktbl, copepxauime okeugbl V u Fe,
CnocoOCTBYIOT KOHBEPCHUM IMULEPUHA B aniunoBbid cnupT. Bce uccnepo-
BaHHbIE KATaNN3aTOPbI NOKA3aW XOpoWYlo CTabUNLHOCTL B TedeHue Gonee
100 y pabotbt. NonyyeHHble pesynsTarbl MOryT HbiTb UCNONL30BaHL! NPH Lie-
NeBoM BbiBope cenekTUBHOIO Karanusaropa ans napogasHoit aerugparauuu
UMY OKUCTUTENBHOM KOHBEPCUW TULEPUHA B aKPUNATHBIE MOHOMEPSI.

Kniouesble cnoBa: OKCUAbl NepexofiHbIX METannoB, MULEPUH, Aeruf-
puapatauus, Al,05-P0,.

bykaros I [1., Ceprees C.A., 3axapos B.A., Euesckas J1.I., Maub-
ko M.A. Ti-Mg-kartanu3atopsl nosiMmepu3aLnmm nponune-
HA: PP EKT OHOPOB ..c.eienieiniinniereen e reereereraenenaes 14

WccnenoBaHa NpakTUMECKU BaXHaA peakLMA NepeHoca Lieny C BoJoPoAoM
npu nonuMepu3aLmuu nponuneHa Ha Ti-Mg-karanusarope (TMK) cocrapa
TiCl,/M1/MaCl,-AlEt;/[1,, B KOTOPLIX 3NEKTPOHOAOHOPHbIE COEAUHEHUA
[1; (BHyTpeHHwuit goHop) u [1, (BHewHnd foHop) obecneynsaloT BbICOKYIO
cTepeocneynduyHOCTL KaTanusaropa. MpeanomeHbl ABYXCTAAMAHBIA Me-
XaHWU3M peaKLuu NnepeHoca Uenu ¢ BOLOPOAOM, OOBLACHAIOWMI APOBHBIA
NOPAAOK CKOPOCTW peaKLMK NO KOHLEHTPaLMK BOAOPOAR, @ TaKKe Cno-
cob onpegeneHus KOHCTAHT CKOPOCTU 3TOM peakLuu B WKPOKOi obnactu
KOHLEeHTpauuh Boaopoaa, Ana TMK ¢ pa3HbiMU AOHOPAMU. 3HAYEHHURA ITUX
KOHCTaHT BbICOKM U HE YCTYNalT KOHCTaHTaM CKOpocTH pocta ans TMK,
COfep¥aliux B Ka4ecTse BHyTpeHHero goHopa 1,3-anadup unu gubytun-
tranat He3 BHelwHero AoHopa U ¢ TeTpastokcucunatom (TIC) B kavec-
TBe [l,. [ipu Mcnonb3oBaHMM AULMKNONEHTUNAUMETOKCMCUNAHA BMECTO
T3C KOHCTaHTAa CKOPOCTM NepeHoca Lenu C BOAOPOAOM 3HAYMTENbHO
(npubnu3nTentHO B NATL pa3) Hke. lNonyyeHHble faHHbIE MOTYT ObITh
MCNONb30BaHb! ANA MOAENUPOBAHUSR NPOMBILNEHHOTO NpoLecca NoaumMe-
puU3aLun NPONUAEHA U PETYIUPOBAHUA MONEKYNAPHOM MAcChl noUMepa.

Knioyeeble cnoBa: HaveceHHble Karanu3satopsl Lurnepa-Harra, Ti-Mg-
KaTanu3aropsbl C 3NeKTPOHOAOHOPHBLIMU COEAUHEHMAMM, NONUMEPU3ALMUA
NponuneHa, NnepeHoc Lenu ¢ BOAOPOAOM, MONIEKYNAPHAA MAcca NONMUNpPo-
nunewa.

Maubko M.A., EyeBckan J1.[., Mukenac T.b., Hukonaesa M.W.,
BaHuna M.T1., 3axapos B.A. AHanu3 u perynuposaxue mone-
KYNAPHOM CTPYKTYPbI CONONMMEPOB 3TUNEHA C FreKceHom-1,
NONYYEHHBIX HA BbICOKOAKTUBHBIX HAHECEHHbIX KaTanu-

3aropax Uurnepa-Hatra ........ooeeeieiniiiiieecieeee 20

DU3nNKO-MexaHMYeCK1e 1 peonoruieckue CBOMCTBA CONONMMEPOB 3TUNe-
Ha C a-oneduHaMu ONpeaensioTCs MONEKYNAPHOW U HAZAMONEKYNAPHOW

Catalysis in chemical
and petrochemical industries

Suprun W., Papp H. Gas-phase conversion of glycerol over
mixed metal oxide catalysts.........ccooooriierreiiininnnenis, 7

A series of aluminophosphates (APO) catalysts with Ce, Cu, Cr, Fe, Mn,
Mo, Vand W oxide loading ata constantratioM: Al=1:10and PO, : Al=
=11:12 were prepared and characterized by N, physisorption, XRD and
NH5-TPD. Gas-phase dehydration of glycerol to produce acrolein and
acetol was investigated at 280 °C in presence of water. Conversion
and product distribution depended on the intrinsic acidity and the
type of transition metal oxide. Best selectivity to acrolein (52-58 %)
was obtained for W- und Mo-APO catalysts. Cr-, Mn- and W-oxide con-
taining catalysts enhanced the formation of phenol, acetaldehyde and
0, . The catalysts containing V- and Fe-oxide promoted the formation
of allyl alcohol. All catalysts showed long term stability, which can be
attributed to the redox ability of the metal oxides that enhances the
removal of coke deposits. The investigated catalyst a specially W-APO
and Mo-APO can be recommended for further controlled trials on a pi-
lot plant for selective conversion of water solution of glycerol acrolein
and/or acetol

Keywords: transition metal oxide, glycerol, dehydration Al,05-PO,.

Bukatov G.D., Sergeev S.A., Zakharov V.A., Echevskaya L.G.,
Matsko M.A. Ti-Mg-catalysts for propylene polymeriza-
tion: the donor effect ... 14

There is investigation of practically important chain with hydrogen
transfer in the polymerization of propylene on the Ti-Mg-catalyst (TMC).
The catalyst has a TiCl,/D,/MgCl,-AlEt;/D, composition in which etec-
tron donor compounds Dy (internal donor) and D2 (external donor) en-
able a high stereospecificity of the catalyst. Proposed two-step reaction
mechanism of chain transfer, which explains the fractional order of
hydrogen concentration rate, and proposed determining method of the
rate constants for the reaction on a wide range of hydrogen concentra-
tions for catalysts with different donors. The values of these constants
are high and close to the rate constants of growth for catalysts con-
taining as internal donor, 1,3-diester of dibutyl phthalate, without an
external donor or tetraethoxysilane as D,. When using dicyclopentyl-
dimethoxysilane instead of tetraethoxysilane the rate constant for chain
transfer is about five times lower.The obtained data can be used to in-
dustrial propylene polymerization simulate and to molecular weight of
the polymer regulate.

Keywords: Ziegler-Natta supported catalysts, Ti-Mg-catalysts with elec-
tron-donating compounds, propylene polymerization, chain transfer with
hydrogen, the molecular weight of polypropylene.

Matsko M.A., Echevskaya L.G., Mikenas T.B., Nikolaeva M.I.,
Vanina M.P., Zakharov V.A. Analysis and regulation of the
molecular structure of ethylene with hexene-1 copoly-
mers obtained on the high-activity supported Ziegler-

Natta catalysts

Physic-mechanical and rheological properties of ethylene with a-olefins
copolymers are determined by molecular and supramolecular structure,
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Copepwanne

CTPYKTYPOW, KOTOpAs 3aBUCUT OT MONEKYNAPHO-MAcCOBbIX XapaKTepuc-
TWUK, COAEPXAHUA COMOHOMEPA, a TaKXKe OT OAHOPOAHOCTU pacnpegene-
HUA pPa3BeTBNEHWHA ANA NONUMEPHLIX Lenel C Pa3HbIMKU MONEKYNAPHbLIMM
Maccamun (KOMNO3WLMOHHON HEOAHOPOAHOCTLIO). C NpUMeHeHneM coBpe-
MEHHbIX METO/I0B U3y4eHbl NapamMeTpel MONEKYNAPHO-MACCOBOTO pacnpe-
AeNeHUn, MONeKYNAPHOA CTPYKTYPbl U KOMNO3UIMOHHOR HEOZHOPOAHOC-
T CONONMMEPOB 3TUNEHA C reKCeHOM-1 pa3Horo cocTaBsa, NOAYYEHHbIX
Ha BLICOKOAKTUBHbLIX HaHeceHHbIX Ti- u V-Mg-katanusaropax Unrepa-
HarTa, M noKa3aHbl BO3MOXHOCTH PeryiMpOBaHNA 3TUX NapameTpoB ANA
VAyYWEeHNA KayecTBa nojyyaemblx NOAUMEPOB.

KnioueBbie cnoBsa: monekynsapHO-MaccoBoe pacnpefeneHune, MoneKkynap-
HaA CTPYKTYpa, NONU3ITUNEH, CONONMMED ITUNIEHA C reKCeHOM-1, KaTanu-
3atop Liurnepa-Harra, Ti-Mg-karanu3atop, V-Mg-karanu3sarop, rens-npo-
HMKawWas xpomarorpadus, $hpakunoHuposaHue, audodepeHyuansHan
CKaHMPYIOWAA KaNopUMEeTpus.

®omun B.H., Kotos C.B., 3ep3eBa U.M., Tumodeesa I.B., Ta-
paco A.B., TepexuH A.A., Kotosa H.C., Moncees N.K. OnTu-
MU3aLUA aNKUNGEHONOB — NOAYNPOAYKTOB NPU NPOU3BOA-
CTBE MPUCAAOK HAa MAKPOMOPHUCTOM CyNbOKATNOHNTE
«Amberlyst 36 Dry»......ccceuiiiiiiiiiieiiicc e, 25

WNccnenoBaH npouece noayyeHua ankundeHonos — NonynpoayKToB nNpu
NPOU3BO/ACTBE NPUCAZIOK anKuAUpoBaKuem heHona onuroMepamMmn tune-
Ha B NPUCYTCTBMM MaKponopuctoro katranusatopa «Amberlyst 36 Dry».
Cynbpokatnonnt «Amberlyst 36 Dry» cywecrtseHHo npowe 8 paboTe no
CpaBHEHMIO C TPAZULMOHHbLIM KaTanu3zatopom KY2-84C, umeet Gonbinii
CPOK 3KCnilyaTauuu, a TaKKe YBENUYMBAET CKOPOCTb, KOHBEPCUIO U Ce-
NeKTUBHOCTb Npouecca. YCTaHoBNGHO, YTO ONMIOMEpbl ITUNEHa, Cofep-
XKalne Hanbonbluee KONUYECTBO BUHUNUAEHOBLIX ONE(BUHOB C BHYTPEH-
Hell ABOMHOM CBA3bI0 Hanbonee aKTUBHLI B aNKMNUPOBaHWU. JInHedHble
0-oneHbI 3HAYUTENLHO MEHER aKTUBHbI B anKnanposaHuu. CooTHoule-
HWe OpTO- U Napa-u3oMepoB ankUNPeHoNOB ONpPefensieTcs, B OCHOBHOM,
CTPYKTYPO# onedUHOB U TEMNEpaTypoi, U C yBenuyeHnem ANuTensHocTU
npouecca NPakTUYeCKU He MeHARTCA. YCTaHOBAEHO, 4TO CKOPOCTL NpeBpa-
WeHUs ankundeHnnoBbIX 3UPoB B aNKUNDEHONb! 3aBUCHUT OT CTPYKTYPbI
anKkunbLHOro pagvkana acupa. AnKuNQEeHoNbl, NONHOCTEI COOTBETCTBY-
loWMe TEXHUYECKUM TPeBOBaHUAM, MOTYT BbITb NONYYEHb! C NPAKTUYECKU
KONMYECTBEHHbLIM BLIXOAOM NO 0OAUroMepam tunena npu 135 °C u mons-
HOM OTHOLWEHWW ONMroMepsl ITUNEHa : peHon = 1: 6.

KnioueBble cnosa: onuromepsl 3TUNEHE, anKuapeHoNbl, anKungenuno-
Bble 3UPLI, TMHEAHbIE U30MEPbI, OPTO-, Napa-1U30oMePbl, MAKPONOPHUCTLIA
cynbpokatuoHmuT «Amberlyst 36 Dry».

DNanos C.M., Cynumos A.B., Osuapos A.A., Cynumosa A.B.
Bnusuue ycnoBuit npUroTOBAEHNS TUTAHCOAEPIKALLErO
LLe0sIMTa HA €F0 KaTaNIMTHYECKYH aKTUBHOCTDb B nipolecce
3NOKCMAUPOBAHMA ONlePUHOB NEPOKCUAOM BOAOPOAA..... 30

lpeactaBnenbl pe3ynbTaThl CUCTEMATUYECKOrO WCCNER0BAHWUSA YCIOBUWA
NONYYEHNA TUTAHCOZEPXKALero LEoNnTa U ero KataluTUYecKon aKTuB-
HOCTW B npoleccax XuaKoha3HOro 3NOKCUANMPOBAHWA onedMHOB BOA-
HbiM PacTBOpPOM NepoKcuaa BOAOPOAA B Cpeje MeTaHona. B kauecTse
KPUTEpUA aKTMBHOCTW KaTanu3aTopa MCNonb30BaH BbIXOA OKCUAa one-
tuHa. Hanbonee KaTannTMyeckn akTUBHL 00pasubl, NOYYeHHbIE NpU
HauyanLHOM MOJILHOM OTHOWeEHWK TeTpabyTokcuTuTan (TBOT) : Tetpa-
stokcucunad (T30C) = 0,04+0,06, MONbHOM OTHOWEHMK TeTpanponu-
NaMMOHUIA rMAPOKCUA : TeTpasToKcUcunan = 0,25+0,5, 40-60-4 rugpo-
TepManbHoit 06paboTku 170 °C. TutaHcoAepKalLWiA LLEONUT NPOMbIBAIOT

which depends on the molecular-mass characteristics, comonomer con-
tent, as well as the uniformity of branching of polymer chains with dif-
ferent molecular weights (compositional heterogeneity). Parameters of
molecular weight distribution, molecular structure and compositional
heterogeneity of ethylene with hexene-1 copolymers with different
compositions, obtained by high-active Ti- and V-Mg Ziegler-Natta cata-
lysts are studied, and the possibility of regulating these parameters to
improve the polymers quality are shown .

Keywords: molecular-weight distribution, molecular structure, poly-
ethylene, ethylene with hexene-1 copolymer, Ziegler-Natta catalyst,
Ti—-Mg-catalyst, V-Mg-catalyst, gel-permeation chromatography, fractio-
nation, differential scanning calorimetry.

Fomin V.N., Kotov S.V., Zerzeva I.M., Timofeeva G.V., Tara-
sov A.V,, Terekhin A.A., Kotova N.S., Moiseev 1.K. Optimi-
zation of alkylphenols - intermediates in the oil dope
production on the macroporous sulfokationite «Amber-
LySt 36 DIy» oeeeenniiiiei ettt 25

The formation of alkylphenols, which are intermediates in the oil dope pro-
duction (phenol alkylation by ethylene oligomers) in the presence of ma-
croporous catalyst «<Amberlyst 36 Dry» is studied. Sulphocationit «Amber-
lyst 36 Dry» is much simpler in comparison with the conventional catalyst
KU2-8CHS, has more longer life, but also increases the speed, conversion
and selectivity. We found that ethylene oligomers, containing the largest
number of vinylidene olefins with internal double bond are most active
in the alkylation. Linear o-olefins are much less active in the alkyla-
tion. The ratio of ortho- and para-isomers of alkylphenols is mainly de-
termined by the structure of olefins and temperature, and unchanged
with increasing duration of the process. Established that the rate of
conversion alkylphenyl ethers alkylphenols depends on the structure
of the alkyl radical of the ether. It is shown that the conversion rate of
alkylphenyl ethers to alkylphenols depends on the structure of the alkyl
radical of the ether. Alkylphenols fully complying with the specifications
can be obtained with practically quantitative yield of oligomers of ethy-
lene at 135 °C and a molar ratio of ethylene oligomers : phenol = 1: 6.

Keywords: oligomers of ethylene, alkyl phenols, alkylphenyl ethers, li-
near isomers, ortho-, para-isomers, macroporous sulfokationit «Amber-
lyst 36 Dry».

Danov S.M., Sulimov A.V., Ovcharov A.A., Sulimova A.V.
Effect of preparation conditions of titanium-containing
zeolite on its catalytic activity in olefin epoxidation

by hydrogen peroxide...........eeeeriiiiiinniiereveeimeieennennns 30

Presents the systematic study results of formation conditions of tita-
nium-containing zeolite and its catalytic activity in the liquid-phase
epoxidation of olefins by aqueous hydrogen peroxide in methanol. The
yield of olefin oxide is used as a criterion of the catalyst activity. Sam-
ples obtained at the initial molar ratio tetrabutoxytitanium (TBOT):
: tetraethoxysilane (TEOS) = 0,04+0,06, molar ratio of tetrapropylam-
monium hydroxide: tetraethoxysilane = 0,25+0,5, 40-60-h hydrothermal
treatment of 170 °C are most catalytically active. Titanium-containing
zeolite is washed either demineralized water or methyl alcohol. Cal-
cining is carried out at 550 °C. The catalyst was synthesized in optimum
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nubo geMuHepanu3oBaHHoN Bogon, NM6o MeTunoBLIM cnupTom. Ipo-
KanusaHue sepyt npu 550 °C. Karanusatop, cuHTE3NPOBaHHbLIN B ONTU-
MasnbHbIX YCNOBUAX, NO3BONAET NOAYYATh OKCHUALI ONedUHOB C BLIXOAOM
90-95 % npu KOAWUECTBEHHOM NPEBPALLEHUI NEPOKCIAZR BOROPOAA.

Kniouesble cnoBa: TuTaHcogepHaumit LLEoNuT, INOKCMAMPOBAHNE, OKCUE
NPONUAEHa, 3NUXNOPTUAPUH, FNLUAON.

Karanus B HejprenepepabarbiBatowyen
MPOMBIWNEHHOCTH

NotaneHko 0.B., loponun B.I1., Copokuna T.I., Tynsesa T.U.,
[po3poe B.A. BAMAHWE KUCNOTHO-OCHOBHbIX CBOWUCTB A0-
0aBOK K KaTanu3aTopy KPEKNHra Ha cogepatine cepbl

B MUAKNUX MPOAYKTAX ..coteiinininiaienreaiceeeeieneaeneaannns 36

UccnepoBano BAUsHME NPUpOALl U METOA0B NOAyYeHna f0DaBOK K KaTa-
NIM3aTOpY KPEKMHIa Ha CofiepKaHmue cepbl B MUAKMX NPOAYKTAX KPeKUHra.
U3yyueHo BAKAHUE KNCIOTHO-0CHOBHBIX CBOWUCTB 0BABOK K Katanusaropy
KPEeKMHra Ha nepepacnpefeneHue cepbl Chipbi MEXAy rasoobpasHbimu
M WULKAMU NPOAyKTaMu (B Tom uncne 8 6eH3MHOBOW (pakumumn c t,, —
200 °(). Moka3saHo, YTO B OTIMUME OT paHee NPUHATBLIX NPefCTaBneHnit o
noaxoae K sbibopy nofo6HbIx 4063BOK CneayeT paccMarpuBarh He TONbKO
B/IMAHWE KUC/IOTHO-OCHOBHBIX CBOWCTB A0OABOK, HO U peaKuyuu apomaTu-
3aluu, cnocobcTByolWe 06pPa3OBAHMIO TMAPUPOBAHHBIX NPOU3BOAHBIX
THOEHA, HECTAOUABHBIX B YCNOBUAX KATaNUTUYECKOrO KpeKuHra. foka-
3@H0, YTO YBE/NUYEHNE KUCIIOTHOCTU fo0BaBoK cnocobeTayeT yMeHbleHUo
0CTaTOYHOro COAEPHAHUA CEPbI B KUAKMX NPOJYKTaX KpeKuHra. Ysenunue-
HHME, KaK CUNbl, TAK U KOHLUEHTPALMM OCHOBHBIX LIEHTPOB HE CHUXKAEeT COo-
.AepxaHue cepbl. OgHOBpeMEHHOE NPUCYTCTBUE KUCIOTHBIX U OCHOBHBbIX
LEHTPOB B CTPYKType cmewaHHoro Mg—Al okcuaa, UMeoLero cTpoeHmue
WNUHeNM, No3BOAAET ZoCTUraTs Honee ry6oKon CepoodYnCTKU BeH3nHa,
YeM B MPUCYTCTBUN TONBKO KUCNOTHLIX LEHTPOB. B KayecTse 406aBoK K
Karanu3satopy kpekuHra «JIH0KC» (0AQ «[aznpomuedTb-OHM3») ucnons-
30BaHbl OKCuabl paga metannos (Zn, Zr, Cr, Ce, Cu, Ca, Mg, Al) ¢ pasHbiMu
KUCNOTHO-OCHOBHBIMW CBOWCTBaMU. [lonydyeHHble f[aHHble NO3BONAOT
NPUCTYNUTL K pa3paboTke HOBLIX KATA/IM3aTOPOB KPeKnHra (un1 fobasok
K YHE CyLecTayoLuM), CrocobCTBYIOWUX NONYIEHUIO MOTOPHBIX TONNUB
{6eH3uHa), oTBeYaOWMX Bonee KecTKUM TpeboBaHUAM NO COEPKAHUIO
cepbl.

Kniouyesble cnoBa: cogepianue cepbl, b6eH3nH, go6aBKW, Karanusatop
KpeKuHra.

Hedenoe b.K. MopepHun3auus HIM3 Kak ocHoBa pa3BUTHUA
HegTenepepabartbiBaiowei npombineHHocTH Poccuu
B 2010-2020 FF. .cenniiinrreiiein i e eeeneeea s een e ene 43

PaccmoTpeHsl NyTW pa3sutua M moaepHmn3aluu poccuicknx HMN3 va ocHo-
BAHWW aHanu3a npe3seHTalmnit pOCCMUCKUX M 3apybexHbix dupm Ha 10-i
KoHdepeHuuu Poccumn n ctpan CHI no TexHonoruam nepepaboTku He-
TAHBIX OCTATKOB, NposefeHHoi (pupmoit «Euro Petroteum Consultants»
B Mockse 23-24 cenTabps 2010 r. [loKa3aHo, 4TO B COBPEMEHHBIX YCNO0-
BUAX ANA BLIXOAA U3 IKOHOMUYECKOrO KPU3UCA OCHOBHLIMU TEHAEHUMUA-
MW Pa3BUTUA POCCMICKOIA HedTenepepabarbiBaoleid NpoMbIwWNEHHOCTH
ABNAIOTCA: PaLUOHANM3aALMA UCNONB30BAHMA NMPOMU3BOACTBEHHBIX MOLL-
HOCTEH; MOAEPHM3aALMWA CYUIeCTBYIOWMX 3aBOJOB C LIENbI0 YBEINYEHUR
rny6uHbl nepepaboTKU W NoBbIWEHNWA peHTabenbHOCTU NMpoU3BOACTBE;
YAOBNETBOPEHUE POCTa NOTPEBIEHUA MOTOPHBIX {NpEXAe BCEro AU3ens-
HbIX) TONAUB M yNydWeHUs Ux kavecta ans obecneyenvs nokasarene
€BPOCTaHAApPTOB; NOBbILEHUE KOHBEPCMU nepepaboTku HedTn Ha HI3,
CHWKEHMNE NOTPEDNEHNA IHEPTUM, YCOBEPIEHCTBOBAHNE CUCTEM KOHTPO-
N5 M ONTUMM3ALMKM YCTAHOBOK ANSA NOBbiWeHUA I(DHEKTUBHOCTH, Hafex-
HOCTM MUHMMW3ALMU IKONOTMYECKUX PUCKOB NPu paboTe NpesnpusTuid.
OcHoBHbIM HanpasneHuem Hedrenepepabotku B Poccuu u ctpaHax CHI
LOMKHO ObiTh PA3BUTUE TUAPOTEHU3ALNOHHBIX NPOLECCOB, KOTOPLIE NO3-

conditions, allows to obtain yield of olefins oxides 90-95 % in the quan-
titative conversion of hydrogen peroxide.

Keywords: titanium-containing zeolite, epoxidation, propylene oxide,
epichlorohydrin, glycidol.

Catalysis in Petroleum
Refining Industry

Potapenko Q.V., Doronin V.P., Sorokina T.P., Gulyaeva T.1.,
Drozdov V.A. Effect of acid-base properties of additives
to the cracking catalyst on the sulfur content in liquid
Products ... 36

Influence of the properties of additives to the cracking catalyst on redu-
cing of sulfur concentration in cracking liquid products was investigated.
How acid-base properties of additives to cracking catalyst affect on the feed
sulfur redistribution between gaseous and liquid products (including gaso-
line fraction with boiling point temperature 200 °C) was shown. Results
show unlike previously adopted by many opinions about the approach to
preparing such additives, as well as what should be considered not only the
influence of acid-base properties of additives, but the reaction of aromati-
zation promoting the formation of hydrogenated derivatives of thiophene,
unstable conditions in catalytic cracking. Shown that increasing the acid-
ity of additives was studied by ammonia TPD, contributes to a lower residual
sulfur content in liquid products of cracking. Increasing of intensity and
concentration of the base centers does not reduce the sulfur concentration.
The presence of both acidic and base centers in the structure of the mixed
Mg-Al oxides with spinel structure, achieves more clean gasoline from sul-
fur than only in the presence of acid centers. As an addition to the cracking
catalyst «LUX» {OAQ «GazpromNeft-Omsk Refinery») used oxides of some
metals (Zn, Zr, Cr, Ce, Cu, Ca, Mg, Al) with different acid-base properties.
The data obtained allow to proceed to the development of new catalysts for
cracking (or additions to existing ones) that promote production of motor
fuels {gasoline) to meet more stringent requirements on sulfur content.
The obtained data allows to develop a new catalysts for cracking (or addi-
tions to existing ones) that promote production of motor fuels (gasoline)
to meet more stringent requirements on sulfur content.

Keywords: sulfur, gasoline, additives, cracking catalyst.

Nefedov B.K. Modernization of Refinery as the base
for Russian petrochemical industry development
N 20102020 .o 43

There are ways of development and modernization of Russian oil re-
fineries based on an analysis of presentations by Russian and foreign
companies at 10-th Conference of Russian and CIS oil residue process-
ing technologies, held by «Euro Petroleum Consuttants» in Moscow 23-
24 September 2010. It is shown that in today situation for the economic
crisis ending the main trends for development of Russian oil refining
industry are: the rationalization of production capacity; modernization
of existing plants to increase the depth of processing and increase the
profitability of production; meeting the growth in consumption of motor
{primarily diesel) fuels and improve their quality indicators for European
standards; reducing energy consumption, improving monitoring systems
and the optimization of plants to improve efficiency, reliability, minimize
environmental risk in the enterprise. The main direction of oil refining
in Russia and (IS countries should be the development of hydrogenation
processes which can obtain from cheap high sulfur feed a high-quality
products and qualified to prepare feedstock for catalytic cracking pro-
cess. Considered processing technology for naphtha residue are: hydro-
genation processes, catalytic cracking, new and improved catalysts for
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CopepxaHnue

BOJIAKOT NONY4aTb U3 AelleBOro BbICOKOCEPHUCTOrO CbipbA NPOAYKTLI Bbl-
COKOro KayeCtsd Unu KBaﬂMCbMLlMpOBaHHO rOTOBUTHL Cbipbe ANA Npouecca
KaTaNUTUHECKOTO KpeKWHra. PaCCMOTpEHbI TEXHONOTUKU nepepa60TKM
HerTﬂHbIX OCTaTKOB: ruaporeHn3allMOHHble Npouecchl, KaTaNUTUHECKUA
KPEKWHT, HOBblE€ U yCOBeplieHCTBOBAHHbIE KaTanl3atopsl ANs ruapokpe-
KUHra, KaTaNUTUYECKOro KpeKWHra, rMapoovnCTKU TAXeNblxX HECbTﬂHbIX
OCTaTKOB, TEXHONOTUU Nnpon3BOACTBA BOAOpOAA.

KnioueBble cnoBa: TeHAeHUUM pa3BuTUA pbiHKa HedTenepepabaTeiBaio-
WeA NPOMBILNEHHOCTH, OCHOBHble NPobnembl pocCMiCKON HedTenepe-
paboTku, nepcnekTuebl pa3sutua HIN3, ruaporeHsauuoHHble npoueccsl;
M30MEpU3aLUa, anKWNUPOBAHWe, Karanu3atopbl KPeKWHTa, TEXHONOTUM
Npou3BOACTBa BOAOPOAA.

I Katanus n oxpaHa okpyxawuieit cpeabl

Tapan 0.M., Nonsaxckan E.M., OropopHukosa 0.J1., Descor-

me C., Besson M., Napmon B.H. Katanu3atopbl Ha ocHoBe
yrnepoaHoro marepuana «CubyHuT» gna rnybokoro okuc-
NeHUA OpraHMYeCKMX IKOTOKCMKAHTOB B BOAHLIX PacTBO-
pax. (2) MupkodazHoe nepoKCUAHOE OKUCNIEHWE B NpPU-
CYTCTBMM OKUCNIEHHbIX YrnepoaHbiX KaTaausaropos ....... 50

Bnepeble uccnefoBaHo BAMAHWE XWMUYECKOTO COCTaBa MOBEPXHOCTH yr-
NepOAHBIX KaTanu3artopos, MPUTOTOBIEHHBIX OKUCIUTENbHON 0bpaboTkoit
OKUCNUTENAMK HA OCHOBE YMEPOAHOTO MaTtepuana cepuun «CubyHuT» («Cu-
OYHUT-4») Ha UX KaTaUTUYECKWE CBOMCTBA B WWAKODA3HOM OKUCNEHMM
MypaBbUHOM KNCNOTbI nepokcuaom sogopopa. OB6HapyweHa aKTMBHOCTL
«UUCTBIX» YrNepoAHbIX 06pa3LoB B pa3NoXeHUU NepoKcuaa BOAOPOLA M
OKUC/IEHUM MM OpraHWyeckoro cybCTparTa yMeHblalwancs C yBennye-
HWeM Konuvectsa KapBoKCMAbHBIX W NAKTOHHbIX TPYNN Ha NOBEPXHOCTM
yMepofHoro Katanu3aropa. CKOpOCTM TakUX npoLeccoB B NPUCYTCTBUM
YNepOAHbIX Karann3atopoB HUXKe, YeM B NPUCYTCTBUM faxe Hebonblumx
KONMYECTB FOMoTeHHbIX MOHOB Fe>*. MokasaHo, 4To yrneposHble 0bpasibl,
B 33aBUCMMOCTM OT COOTHOLLEHUS KONUYECTBA NOBEPXHOCTHbIX KapOOK-
CMNBHBIX M NKTOHHBIX TPyNN 1 MoHOB Fe®* B peakumMoHHOM pacTBOpe yC-
KOpAIOT NUBO, HANPOTMB, UHTMBKUPYIOT PEAKLNIO NEPOKCUAHOTO OKUCNEHNSA
opraHudeckoro cybcTpara, Katanusupyemylo MoOHamm xeneda. 06cyxnaa-
I0TCA BO3MOXHblE MEXaHW3MbI YCKOPEHUA N MHTUOMPOBAHMA peaKumit ne-
POKCUOHOTO OKWUC/IEHNA YINEPOAHBIMU Karanu3atopamu. YcTaHoBneHHoe
BAUAHME XMMUYECKUX CBOMCTB NOBEPXHOCTH YINEPOAHbIX KAaTannu3atopoB
AOMKHO NPUHUMATLCA BO BHUMaHWe NpW pa3paboTke KaTann3aropos M
NPOLECCOB ANA OKUCTUTENLHON OYWUCTKN NPOMbILUNEHHBIX CTOKOB.

KnioyeBble cnosa: xugkoasHoe NEpPOKCULHOE OKUCNEHWe, NePOKCHA
BOAOPOJA, YyMNEePOAHbIe MaTepranbl.

I OteyecTBeHHbIe KaTan n3iartopsbl

Kupunnos B.A., Ky3un H.A., Amocos 10.1., Kupeenkos B.B.,
CobsHMH B.A. KaTtanu3aTtopbl KOHBEPCHM YINeBOAOPOAHBIX
M CUHTETHYECKMX TONJIMB ANA GOPTOBBLIX reHepaTopos
CMHTE3-TA3@ ..oovniiiiniiiiiiiin i erre et ee it e e e ena e eaass 60

MpuUmMeHeHMe cUHTe3-ra3a, NoAy4aemoro Ha 6OpTy TPaHCMOPTHOTO Cpea-
CTBa B KavectBe 40DABOK K OCHOBHOMY TONAMBY, NOAABAEMOMY B ABWra-
Tenb, obecneunsaer ero paboty Ha pa3basneHHbIX TOMNNBHBIX cMecsaX. 310
NPUBOAMT K CHUKEHMIO TOKCMYHOCTU BbIEPOCOB W NOBLILIEHKUIO TONAUBHON
3KOMOMUMHOCTW aBMraTens. C Lenbio cO3aHus HOBbIX TUNOB addekTue-
HbIX KaTann3aToOpoB KOHBEPCUW YIEBOAOPOAHBIX U CUHTETUYECKUX TONNUB
751 BOPTOBLIX reHEPATOPOB CUHTE3-Ta3a MCNONL30BAHBI HOBbIE NOAXOAbI K
KOHCTPYMPOBAHMIO KaTanu3aTopos — He TONbKO KaK KaTalMTUYecKu aKTuB-
HblX MaTePUAIOB, HO M KaK 31EMEHTOB KOHCTPYKLUIN XUMUYECKOrO peakTopa.
[puroToBneHa v UCNbITaHa cepus Katanu3aTopos AN KOHBEPCUN YTNEBOAOPO-

hydrocracking and catalytic cracking, hydrofining of heavy oil residues,
technology for hydrogen production.

Keywords: market trends refining industry, the main problems of Russian
oil refining, the prospects for the development of refineries, hydrogena-
tion processes, isomerization, alkylation, cracking catalysts, technolo-
gies for hydrogen production.

Catalysis and environment protection

Taran 0.P., Polyanskaya E.M., Ogorodnikova 0.L., Des-
corme C., Besson M., Parmon V.N. Catalysts based

on carbon material «Sibunit» for deep oxidation of or-
ganic toxicants in agueous solutions. (2) Liquid-pha-
se peroxide oxidation in the presence of oxidized car-
bon catalysts ..o e 50

For the first time we studied the effect of the surface chemical composi-
tion of the carbon catalysts on the basis of carbon material series «Sibu-
nit» («Sibunit-4»), prepared by oxidative treatment by various oxidants
on their catalytic properties in liquid-phase oxidation of formic acid by
hydrogen peroxide. We detect the activity of «pure» carbon samples in
the decomposition of hydrogen peroxide and oxidation of organic sub-
strates by hydrogen peroxide, which decreases with increasing number
of carboxyl and lactone groups on the surface of the carbon catalyst.
The rates of these processes in the presence of carbon catalysts are lower
than in the presence of even small quantities of homogenous ion Fe3*.
It is shown that the carbon samples, depending on the ratio of surface
carboxyl and lactone groups and Fe3* jons in the reaction solution, ac-
celerate, or on the contrary, inhibit the reaction of peroxide oxidation
of organic substrates catalyzed by iron ions. Possible mechanisms of ac-
celeration and inhibition of peroxidation reactions of carbon catalysts
are discussed. Established influence of the chemical properties of the
carbon catalysts surface should be taken into account in the develop-
ment of catalysts and processes for the oxidative treatment of industrial
effluents.

Keywords: liquid-phase oxidation of peroxide, hydrogen peroxide, car-
bon materials.

Domestic catalysts

Kirillov V.A., Kuzin N.A., Amosov Y.1., Kireenkov V.V., Sobya-
nin V.A. Catalysts for the hydrocarbon and synthetic fuels
conversion for on-board synthesis gas generators ....... 60

The use of synthesis gas produced on board the car as an addition to
the main fuel fed to the engine delivers its operation on the dilute fuel
mixtures. This leads to decreasing of toxic emissions and increasing of
fuel efficiency. In order to create new types of efficient catalysts for the
conversion of hydrocarbon and synthetic fuels for on-board synthesis
gas generator used new approaches to the design of catalysts - not only
as a catalytically active matenials, but also as an elements of the design
of chemical reactors. Series of catalysts for the conversion of hydrocar-
bons — natural gas, diesel and biodiesel fuels, biofuels and alcohols —
ethanol, methanol to synthesis gas are prepared and tested. Metal mesh
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H06uneit wypHana — Ham 10 ner

A0B — NPUPOAHOTO ra3a, An3enbHoro U 6UOAN3eNbHOMO TONAUB, BUoTONMBa
U cnupToB — 6M03TaHO/Ia, METaHO/IA B CUHTE3-Ta3. Kak nepBuyHble HocuTe-
AV ANA KATaNWU3aTOPOB UCNONB3YIOTCA METASIMYECKHE CETKU UK NOPUCTbiE
NEHTbI, KK BTOPUYHbIE — OKCUAbI 3NTIOMUHUS N MArHUs, HAHECEHHbIE UMK Crie-
YeHHbIe C NepBUYHBIM HocuTeneM. Katanu3atopbl BLICOKO TepMOCTabunibHb,
XapaKTePU3YITCA COOTBETCTBUEM KOI(HULMEHTOB TENIOBOIO paciuMpeHis
marepuana HoCUTeNst M KaraAUTUYeCKU aKTUBHOIO CNIOS, BbICOKOH MEXaHu-
YeCKoW NPOYHOCTbIO. Karanu3aropbl MOXHO MCNO/B30BaTL B KAYECTBE CTPYK-
TYPHbIX 31€MEHTOB PEAKTOPa, M3rOTOBNSTL Ha UX OCHOBE MOHOUTHLIE BAOKK
W NNOCKUE 3NEMEHTB! PAinanbHbiX U NNAHaPHeIX peakTopoB. TpoBegeHs
UCnblTakua paspaboTaHHbiX Katanu3aropos: nabopartopHble, CTeHAoBbIE, a
TaKie B COCTaBe HOPTOBbIX reHEpPaTOPOB TPAHCMOPTHbIX CPEACTB.

Kntouesble CAOBA: KaTanu3atop, YMeBOR0POAHLIE TONNUBA, CUHTE3-Ta3,
napuuansHoe OKUC/IeHWE, aBTOTEPMMYECKARA KOHBEPCHS, NapoBas KOoH-
Bepcus, 6UoITaHoN, BUogM3eNbHOE TONINBO.

Kanuukuu .H., Kosaneuko 0.H., MnatoHos 0.U. AHanu3
Ae3aKTUBALUMM aNIOMOOKCMAHOro Katanu3aropa Knayca
B Npouecce NPoMbllIEHHON 3KCNAYATAUMM. ................ 67

WccnenosaHo M3MeHeHMe aKTUBHOCTM allOMOOKCMIHOMO Karajau3aropa
AO-HK3-2 (AD-MK-2) B peakuusx Knayca u npespalyeHus KapGoHuacynb-
bupa B TeyeHMe YeTbIpex NIET IKCNAyaTrauuu B peakTope Knayca nnHum
OYUCTKM KOKCOBOTO ra3a MarHWMTOropcKoro MeTannypruyeckoro Kom-
6uHata npu cpegHen Temneparype 245-260 °C u obbemHON cKOpocTU
~2000 41, OnpefeneHs! 3HAYEHNA KOHCTaHTbI CKOpOCTH peakumni Knayca
u npespaujenun COS; nccnenobaio M3MeHeHWe aKTUBHOW NOBEPXHOCTH
Katanu3saropa. [lpoBegeHa oleHKa pecypca Karanu3aTopa B peakuuu
Knayca. BoiaBneHbl NpUHLUMNMANbHBIE Pa3IUYUA B CKOPOCTU U B MEXAHU3-
" Me jAe3akTuBauuu Katanusaropos Knayca OTHOCUTENbHO peakUWid KoH-
BEPCHUU CepoBOAOPOAa W KapboHuncynshuga.

Knwouesbie cnosa: okucnenue H,S, ruaponuns COS, antomMookcugHbIi Ka-
Tanu3arop, Ae3aKTUBaLMA.

Muxainos K0.M., Kyctos J1.M., Anewun B.B., Tapacos A.Jl.,
NeoHosa B.H. NNapoBan koHBEPCUA rMUEPUHA HA KOMNO-
3MLMOHHbIX MaTe pranax, coAepiaiMx HAHOYACTULLb!
L) B PP 73

Way4eHa peakLiMa NapoBOM KOHBEPCUYN INULEPHHA HA HOBbIX KOMMO3ULIMOHHBIX
Marepuanax Kak Karannusaropax, noslyyeHHbIX B pe3ynbrare HU3KoTeMneparyp-
HOrO BOJIHOBOTO NMPeBpaLeHNA IHEPreTMYECKOTO KOMNOHEHTA M CofiepHaLLmnX
Ni-uacruugs!. Mel ycraHosunu, 4to A obpasuos 1-64,8 % Ni/C v p-41 % Ni/C
yKe B 06n1acTn ymepeHHbIx Temneparyp (520 °C) 3HaueHUs KOHBEPCHU MnLe-
PUHa CPaBHUMbI A faXe GONbILE, YEM ANS TPAAULIMOHHOTO 65 % Ni/Si0,~Al,05-
Karann3atopa, Npu 3T0M COCTaB 06Pa3syIoWeroCA CUHTe3-ra3a yhoBeTBOpAET
TpeboBannAmM CuHTE3a MeTaHona. M1 NPaKTUYECKK NOSHOW KOHBEPCUM MU~
uepuHa (t > 700 °C) HabnoaaeTCA BLICOKAA CNEKTUBHOCTL NO BOROPOAY (HO
60 %), YTO MOXET OnpefenaTb NPUMEHEHUE HOBbIX MAaTepuUanoB B Kayecrse
Karanu3aTopos nosy4eHuA BoAopoaa. [okaszaHa BO3MOMHOCTL yTUAM3ALMK
BOAHOrO 80 %-HOro muuepuHa ana Nony4eHus CUHTe3-rasa u Bogopoaa.

KntoueBble cnoBa: napoBas KOHBEPCHS, [MULEPHUH, HAHOYACTULbI HUKENS,
BOAOPOS.

or porous tapes are used as the first support for catalysts, the second
are oxides of aluminum and magnesium, deposited or sintered to the
first support. Catalysts are highly thermally stable, characterized by mat-
ching the thermal expansion coefficients of the support material and
a catalytically active layer, high mechanical strength. The catalysts can
be used as structural elements of the reactor, manufacture based on
these a monolithic blocks and planar elements of radial and planar reac-
tors. The tests developed catalysts are: laboratory, more scale, and as
part of car on-board generators.

Keywords: catalyst, hydrocarbon fuels, synthesis gas, partial oxidation,
autothermal conversion, steam conversion, bioethanol, biodiesel.

Kalinkin P.N., Kovalenko O.N., Platonov 0.1. Analysis

of alumina Claus catalyst deactivation in the industrial
OPEration.......ccouiiiiiiiii et ereaaas 67
There are activity changes of alumina catalyst AO-NKZ-2 (AO-MK-2) in
the Claus reaction and carbonyl sulphide conversion during four years
operation in the Claus reactor of Magnitogorsk Metallurgical Combine.
coke gas cleaning line with average temperature 245-260 °C and volu-
me velocity 2000 h™. There are rate constants of Claus reactions and
COS conversion; how active catalyst surface is changing. The resource of
the Claus catalyst was estimated. We found fundamental differences in
the rate and mechanism of catalyst deactivation in the Claus reaction of
hydrogen sulfide conversion and in the carbonyl sulphide conversion.

Keywords: H,S oxidation, COS hydrolysis, alumina catalyst deactivation.

Mikhailov Yu.M., Kustov L.M., Aleshin V.V., Tarasov A.L.,
Leonova V.N. Glyceral steam conversion an nano-nickel
containing composite materials ..........ccccc.cc.cooviieenii. 73

The reaction of glycerol steam reforming on new composite materials
as a catalysts, resulting from low-temperature wave transformation of
the energy component and the Ni-containing particles was studied.
We found that for p-64,8 % Ni/C and p-41 % Ni/C samples at moderate
temperatures (520 °C) values of the glycerol conversion is comparable
or even greater than for traditional 65 % Ni/Si0,—AL,05-catalyst, and
the composition of the resulting synthesis gas satisfies the require-
ments for methanol synthesis. With almost complete conversion of
glycerol (t > 700 °C) there is a high selectivity to hydrogen (60 %),
which may determine the application of new materials as catalysts for
hydrogen production. There is possibility of glycerol with 80 % of water
recycling to synthesis gas and hydrogen.

Keywords: steam conversion, glycerin, nickel nanoparticles, hydrogen.
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