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3onb-renb CUHTE3 MUKPO-ME30NO0PUCTBIX AJTIOMOCUIIMKATOB
€ MCNONbL30BaHHEM 0IUrOMepPHbLIX IPUPOB OPTOKPEMHUE-
BOM KMCIIOTBE ..eunenneneeneeenieeseseieennenrineneaesonssseniennsnnens 7

Paspa6otaH cnocob 3onb-renb CUHTE3a MUKPO-ME3ONOPHUCTHIX U Me30-
nopucThix aniomocunukaros (MAC) ¢ MCnonb3oBaHUeM NPOMbILNEHHO
LOCTYNHOIO CbipbA (CMecu onuroMepHblX 3GUpPOB OPTOKPEMHUEBOI KUC-
NOTHl MAapKW 3TURCUAUKAT-40 U BOJHO-CNUPTOBOrO pacTBopa HUTpara
anioMuHna). Uccneposako BauaHue pH Ha xapaKTepPUCTUKM NOPUCTO
CTPYKTYPBI aNIGMOCMANKATOB C pasnuyHbiM cooTHoweHuem Si/AL MMo-
Ka3aHo, 4TO BapbupoBaHue pH Ha CTafuW ruaponu3a NO3BOAAET CHH-
Te3UpOBaTh KaK MUKPONOPUCTbIE, TaK U M@30NOPUCTLIE aNOMOCUNNKATH
C JOBONLHO Y3KUM pacnpefeneHuem nop, U3MeHAs Npu 3TOM YASNbLHYIO
nNoWagb NOBEPXHOCTH OT 341 A0 684 M2/, ynenbHsiit 06beM nop ot 0,2
f0 0,95 CM3/r, anaMeTp nop o1 0,17 g0 40 HM ¥ CyMMapPHYIO KUCOTHOCTS
no aMMuaky ot 226 fo 405 MKkMonb/T. W3yueHbl KUCAOTHBIE CBOWCTBA
o6pa3uyos ¢ pasnuutbiM cooTHoweHuem Si0,/AL,05 1 nx Karanutuyec-
Kas akTUBHOCTb B MOJENbHOW PeaKuuu AUMEpU3aLMUK O-MeTUACTUpOna
(80 °C, 10 mac.% MAC, HauanbHaa KOHUEHTpauus C.-MeTUACTUpOna B
xnopbeHsone 3,3 monb/n). YCTaHOBNEHO, Y4TO MAaKCUManbHas KOHBepCus
o-Metunctupona (99,8 mon.%) Habniofaetcs Ha obpasyax € COOTHO-
weHueM Si0,/AL,0; paBHbIM 5 1 20, ANA KOTOPbIX XapaKTePHb MaKCu-
MansHble KOHUEHTPAUWMM KUCAOTHBIX LEHTPoB. MuKpo-me3onopucrblie
aloOMOCHAMKATHL NEPCNEeKTUBHBI ANA KaTanUTUYecKux npespalweHuit
KWNCAOTHO-OCHOBHOTO TUNA Pa3fI4HbIX OPraHUYECKNUX COEIUHEHNA.

KnioyeBble CNOBa: 30/b-reib CUHTE3, ME3ONOPUCTBIE ANOMOCHIIUKATSI,
XapaKTepUCTUKU NOPUCTON CTPYKTYPbI, Karanu3atopsl, AUMepu3almus
O-MeTUnRCTUpona.

KATAJIU3 B XUMWYECKOW

W HEOTEXUMUYECKOU NPOMbBIWNEHHOCTH
Benos I.11.
Karanutuueckui cuHTes BbiCcLKX 01ehMHOB
M3 ITUIIEHA ceoentiniiin i inninia it cansreaassaeensansenaas 13

Cpenad KpaTKWil aHanu3 COCTOAHWUA HAYYHbIX MCCAEA0BAHUA K NPOMbILL-
NeHHbIX pa3paboTok 8 mupe u Poccimn B 061acTU HeCceneKTUBHOIM n ce-
NEKTUBHOW ONIUrOMepU3aLKi 3TUNEHa B BbiCWIKE OneduHbl, B TOM yncie
NnHediHble o-oneduHbl: GyTeH-1, rekceH-1 u okTeH-1.

KnioueBble cnoBa: aTuneH, onuromepusayus, C(-OHE(bMHbI, npoMbILLNEH-
Hble NpouUecchl.

A66acoe B.M., Mamegosa T.A., Ucmaiinos 3.1, Ackepoea 3.H.,
Teiobos X.11I., lacanxaHosa H.B., Anuesa C.K.

Katanutuyeckuin cnocob nosyueHua oneuHOB C UCNONb-
30BaHMEM NPUPOAHBIX HAHOTPYBOK rannyasuTos ........ 20

Uccneposan npouecc nonyyeHus oneduHos C,—C, B npouecce my6o-
KOr0 KaTa/NTM4ecKoro KpeKuHra M TEPMOKOHKATHOTO MUPOsiM3a BaKy-
YMHOTO ra3onnsa, TeXHU4eCKOro XIONKOBOro Macia M CMeCH BaKyyMHOro
ra3oiins ¢ xnonKoBbiM Maciom (90 : 10) 8 uHTepBane Temneparyp 600
800 °C c npuMeHeHWeM NPUPOAHOFO ranayasuTa, BbiAENEHHOTO U3 Kaoiu-
HUTHBIX MECTOPOXAEHWH M npeacTaaswowero coboi HaHopasMepHbie
cBEpHyThIe B TPYGOUKN NNACTMHKW anioMocMNuKatos. BeiseneHo, uro B
npoyecce rMybOKOro KaTanUTUHECKOro KPEeKUHIa HUCTOro BaKyyMHOTO
rasoins npu 600 °C c npuMeHeHWeM ranayasuTa B KayecTBe KaTanm3aTo-

GENERAL OF CATALYSIS

Agliullin M.R., Veklov V.A, Talipova R.R.,
Grigorieva N.G., Kutepov B.1.

Sol-gel synthesis of micro-mesoporous aluminosilicates
using oligoesters of ortho-silicicacid ......................... 7

A method for sol-gel synthesis of micro-meso- and mesoporous alumi-
nosilicates (MAS) was developed using the commercially available raw
materials (a mixture of ethylsilicate-40 type oligoesters of ortho-silicic
acid and alcohol water solutions of aluminium nitrate). The influence of
pH on the porous structure of aluminosilicates with various Si/Al ratios
was studied. A variation in pH at the hydrolysis stage was shown to al-
low both microporous and mesoporous aluminosilicate with a narrow
pore size distribution to be synthesized, the specific surface area being
varied from 341 to 684 m?/g, specific pore volume from 0,2 to 0,95 cm?/g,
pore diameter from 0,17 to 40 nm, total ammonia acidity from 226
to 405 pmol/g. The acidic properties of the samples with different
Si0,/Al,0; ratios and their catalytic activities were studied using the
model reaction of a-methylstyrene dimerization (80 °C, 10 wt.% MAC,
the initial a-methylstyrene concentration 3.3 mol/Lin chlorobenzene).
The maximal a-methylstyrene conversion (99,8 %) was observed over
the catalysts at the Si0,/Al,0; ratios equal to 5 and 20 when the con-
centrations of acid sites are maximal. The micro-mesoporous alumino-
silicates are promising catalysts for acid-base transformations of va-
rious organic compounds.

Keywords: sol-gel synthesis, mesoporous aluminosilicate, porous struc-
ture, catalysts, dimerization of o-methylstyrene.

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

Belov G.P.

Catalytic synthesis of higher olefins
fromethylene ... 13

There was performed brief analysis of state of research activities and
commercial development in the world and Russia in selective and non-
selective oligomerization of ethylene into higher olefins, including
linear o-olefins: butene-1, hexene-1 and octene-1.

Keywords: ethylene, oligomerization, a-olefins, industrial processes.

Abbasov V.M., Mamedova T.A., Ismailov E.G., Askerova E.N.,
Teyubov Kh.Sh., Gasankhanova N.V., Alieva S.K.

Catalytic method for production of olefins based
on natural halloysite nanotubes ............................... 20

The process of (,—C, olefin production by catalytic high-destruction
cracking and thermocontact pyrolysis of vacuum gasoil, technical cot-
tonseed oil and a mixture of vacuum gasoil and cottonseed oil (90:10)
at 600-800 °C was studied using natural halloysite, which consists of
nanosize circinate aluminosilicate plates, extracted from kaolinite de-
posits. In the process of high-destruction catalytic cracking of pure
vacuum gasoil at 600 °C, the ethylene yield was 6,4-10,1 wt.% higher
over halloysite catalyst than aver ZSM-5. The addition of technical cot-
tonseed oil (10 %) to vacuum gasoil resulted in an increase in the ethy-

Karanus B npombiwneHHocTy, N2 3, 2014



Copepmanue

pa npupocCT 8 BuIXoAe 3TUNeHa cocTasnaeT 6,4-10,1 Mac.% B CpaBHeHUM
C BHIXOAAMM 3TUX NPOAYKTOB NP UCNONL30BAHUMN KaTanu3atopa ZSM-5.
flo6asneHme B cOCTAB BakyyMHOrO ra3oinis 10 % TeXHNYECKOro XJIoNKo-
BOr0 MacNa nPUBOAUT K AONONHUTENLHOMY YBENINYEHUIO BbIXOA@ ITUEHA
Ha 2,2 Mac.% C OAHOBpEMEHHIM yBeAUUYEHUEM BbIXOAA NPONUNeHa Ha
3,3 Mac.%. KpeKuHr 44CToro XI0NKOBOro Macna B MBEHTUYHBIX YCAOBUAX
obecneynBaeT BLIXOA 3TUNEHA U nponuneHa 16,1 1 9,2 Mac.% cooTseTc-
TBeHHO. MoATBepsMAeHa BOZMOXHOCTL MCNONb30BAHUS HaHOTPYBOK ran-
NyasuToB B KayecTBe NOBEPXHOCTW Harpesa B NPOLECCE TEPMUYECKOro
NUPONN3a nepedncNeHHbIX BUAOB CbipbA Npu Temneparypax 700-800 °C
C nonyyeHueM Boixofi08 oneduHos (,—Cs, Npesbialomux BLIXOAL UAEH-
TUYHBIX NPOJYKTOB B MPOMbLILINEHHOCTH, U BO3MOXHOCTH NOBTOPHOIO
MCMONb30BaHWUA rannayasuTos B Npoueccax TepMonpeBpauleHus uccne-
[IOBaHHbIX BUAOB ChIPbA BBUAY WX NOAHOW pereHepaunu.

Kniouessble cnoBa: HU3KoMonekynapHbie oneduHsl, MyOoKUA KaTanuTu-
HECKUW KPEKWHT, MMPONU3 , KaTaNU3aTop, NOBEPXHOCTL HArpesa, FallyusnTbl.

ABbacos B.M., 3eitHanos 3.5., Hypues f.T., 3penaunesa .M.,
[xabpaun3zage LI.3.

Nony4yeHne cuHTETUYECKUX HATEHOBBIX KUCAOT flyTEM
aspobHaro okucneHua HadreHo-n3onapamHoBbLIX yrae-
BOAOPOAOB B NPUCYTCTBUY CONEN NPUPOAHDLIX HeTAHBIX
LTl T 2 SOOI UPUORSPRRRt 26

lpeacraBneHbl pesynsTaTsl MUAKO(DA3HOTO OKUCNEHUA HadTeHO-U30Na-
patvHOBLIX YINEBOAOPO0B ¢pakumu 216—360 °C azepbaiamaHcKux
HedTell B NPUCYTCTBAMU COAU MeTannoB MOCTOAHHOW (Zn) U nepemen-
Ho# (Cr, Mn) BaneHTHOCTU NpUpoaHbIX HedTaHbix kucnoT (MHK). Usy-
4eHa 3aBUCUMOCTbL BbIXOJA CUHTETUYECKUX HadTeHoBbIX KucnoT (CHK)
0T Npyupogkl M KoHUeHTpauuun (0,2—1,0 mac.%) karanuzartopa. HaubGons-
wuit Bbixof CHK nonyuyen npu koruyentpaumsx 0,2 mac.% Cr(MHK) u
1,0 mac.% Mn(MHK). Mpu cosmecTHoM ucnonb3oBakuu coneit Cr u Mn
HabniofaeTcs cunepreTuueckuii s derr. NonyyerHbie pesynsTatsl peko-
MeHZ0BaKbl ANst peanu3auun HoBOro NaKeTa cTabuan3aTopos ANA CUHTe-
3 CUHTETUYECKUX HAa(TEHOBBIX KUCNOT B NPOMBILNEHHOM MacIiTabe.

Kniouesbie cnoBa: HadTeHOBbIN KOHLUEHTPAT, a3pobHOe OKUCIEHHE, Ka-
TanU3aTopbl OKUCAEHMNSA, CONU NPUPOAHBLIX HETAHLIX KUCNOT, CUHTETH-
yeckue HathTeHOBbBIE KUCAOTHI, CUHEpreTUyeckuit addexr.

Mareees K.W., Muwuna E.I., Opskos B.®, MNapmon B.H.

[oMoreHHble KaTanu3aropbl OKUCUMTENbHO-BOCCTAHOBK-
TenbHbIX NPOLECCOB HA OCHOBE PacTBOPOB reTeponosnun-
kucnort. I. Pe3ynbTaThli NUNOTHBIX UCNLITAHUK KaTaNK3a-
TOPa U NpoLecca CMHTE3a MeTUNITUNIKETOHA .......ccuue... 32

OnbiTHele pabotsl 2005-2006 1T. NO CHHTe3y MeTunaTunkeToHa (M3K)
BblIM NPOBEREHBI C UENLIO TEXHONOFUYECKOrO OCBOBHUS NPOLECCa Bhl-
COKOCEneKTUBHOTO OKUCNeHUsa H-ByTuneHa B M3K kucnopopom B npu-
CYTCTBMU HOBOTO FOMOTEHHOro Karanusaropa. Ox npepctanan coboit
BecxnopupHetit BogHbi# pacteop Pd(IT) + IMK-7', rae TNK-7" — Bbicoko-
BaHaaueBas Mo-V-tocdopHas KUCNOTa MORUDULNPOBAHHOO (Hexerry-
HoBckoro) 6pyTro-coctasa Hy,P3Mo,gV;0gs. [Ina obecneueHus Bapei-
BO- U NOXapo6e30NacHOCTU OMNbITHO-NPOMBIWIEHHOH ycTaHoBKu (ONY)
M3K-npouecc 6sin ocywectenen B gse ctaguu (1) + (2), nposoaumMble 8
pasHbix peakTopax. [ipu 3ToM gBUKEHUE pacTeopa Katanusatopa e OMY
OCYLECTBAANOCH NO 3aMKHYTOMY LuKNy. Llenesas peakuuns (1) ocywecr-
Bnanack npu 60 °C u gasnexuun H-GytuneHa 9 6ap B Tpy6uaTom peakTo-
pe 1 uaeansHOro BuITeCHeHUA 8 oTcyTcTaue O,. Boicokui okucautensHii
noteHynan pacreopa IMK-7’ obecneunsan BLICOKYIO CKOPOCTb peakuyum,
anuswelics MeHee 20 MuH. Otaenenne MIK oT BoccTaHOBNEHHOTO KaTa-
nu3atopa NPOBOAMNOCS B NAEHOYHOM UCnaputene (OTNapHON KONOHHE)
npu 100 °C. NMocnepylowas pereHepauus Karanusaropa KUCJIOPOAOM

lene yield by another 2.2 wt % and an increase in the propylene yield
by 3,3 wt.%. Cracking of the pure cottonseed oil under identical condi-
tions provided 16,1 wt.% and 9,2 wt.% yields of ethylene and propylene,
respectively. A possibility was established to use halloysite nanotubes
as the heating surface for thermal pyrolysis of the above said raw mate-
rials at 700-800 °C to produce C,-C; olefins at higher yields than those
achieved in the industrial processes. The full regeneration of halloysites
makes it possible to recycle them for thermal transformation of the raw
materials under study.

Keywords: low molecular weight olefins, catalytic high-destruction cra-
cking, pyrolysis, catalyst, heating surface, halloysite.

Abbasov V.M., Zeinalov E.B., Nuriev L.G., L.M. Efendieva,
Jabrailzade Sh.Z.

Production of synthetic naphthenic acids through aerobic
oxidation naphthene-isoparaffin hydrocarbons in the pre-
sence of salts of natural petroleum acids................... 26

The data on liquid-phase oxidation of naphthene-isoparaffin hydro-
carbons (216-360 °C fraction) of Azerbaijanian oil in the presence
of constant {Zn) and variable (Cr, Mn) valence metal salts of natural
petroleum acids (NPA) were reported. The dependence of the yields
of synthetic naphthenic acids (SNA) on the catalyst nature and con-
centration (0,2-1,0 wt.%) was studied. The highest SNA yields were
observed at the concentrations of 0,2 wt.% Cr(NPA) and 1,0 wt.%
Mn(NPA). The synergistic effect was observed with a combination of Cr
and Mn salts. The results obtained were recommended for application
of the new stabhilizer package for commercial production of synthetic
naphthenic acids.

Keyword: naphthenic concentrate, aerobic oxidation, oxidation cata-
lysts, salts of natural petroleum acids, synthetic naphthenic acids, syn-
ergistic effect.

Matveev K.I., Zhizhina E.G., Odyakov V.F., Parmon V.N.

Homogeneous catalysts for redox processes based
on heteropoly acid solutions. I. Pilot testing of the cata-
lyst and of the process for synthesis of methylethyl

In 2005-2006, experimental studies on synthesis of methylethyl ke-
tone (MEK) were aimed at the technological adoption of high-selective
oxidation of n-butylene into MEK with air in the presence of a new ho-
mogeneous catalyst. The catalyst was a chlorine-free aqueous solution
Pd(II) + HPA-7', where HPA-7’ was a high-vanadium Mo-V-P acid of the
modified (non-Keggin) total composition H;,P;Mo,gV;04;. The fire and
explosion safety of the pilot plant (PP) was achieved by arranging two
stage MEK process (1) + (2) in different reactors, while the catalyst solu-
tion was made close-circuit flowing. Target reaction (1) was conducted
at 60 °Cand 9 bar of n-butylene pressure in a plug-flow reactor 1 in the
absence of oxygen. The high oxidative potential of the HPA-7’ solution
provided the high rate of the reaction that took less than 20 min. MEK
was separated from the reduced catalyst using a film evaporator (steam-
ing column) at 100 °C. Stage (2) was the catalyst regeneration with
air oxygen in a unique plug-flow reactor 2; it took 40-50 min at 160-
190 °Cand 20 bar (Pg,=4 bar). The regenerated catalyst was fed again
to reactor 1 for the next catalytic cycle. Thus, the two-stage catalytic
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CopepxaHue

pa npupocT 8 BbIxOAE 3TUAeHa cocTasnseT 6,4-10,1 mac.% B CpaBHeHUU
C BLIXOAAMMU 3TUX NPOAYKTOB NPWU UCNONL3OBAHWK KaTanu3atopa ZSM-5.
Jlo6asnenue B COCTaB BAKYYMHOTO ra3oins 10 % TeXHUYECKOTO X10NKO-
BOTO Macna NpUBOAUT K AONONHUTENBHOMY yBENUYEHMIO BLIXOAA 3TUEHA
Ha 2,2 Mac.% C ofHOBPEMEHHLIM YBENWYeHWEM BbIXOfa MPONUAEHa Ha
3,3 Mac.%. KpekuHr 4ucToro xnonKoBoro Macna B UAEHTUYHBIX YCNOBUAX
obecneunsaeT BLIXOA 3TUNEHa U nponunena 16,1 u 9,2 Mac.% cooTseTc-
TBeHHO. MoATBEpPXAEHA BOZMOXHOCTb UCMONb3OBAHNA HAHOTPYOOK ran-
NyasuUToB B KayecTBe NOBEPXHOCTU Harpesa B Npouecce TePMUYECKOTO
NMPOAU3a NepedncieHHsIX BUA0B Cbipbsa Npu Temneparypax 700-800 °C
c nony4erunem Boixofos oneduHos C,—C;, npesbilwalownx BbIXOA UAEH-
TUYHBLIX NPOAYKTOB B NPOMBLIWAEHHOCTH, U BO3MOXHOCTL fIOBTOPHOIO
MCNONbL30BAHWA rafnnyasuTos B NpoLeccax TepMonpeBpalleHus uccne-
[IOBAHHLIX BUAOB Cbipbf BBUAY UX NOAHOM pereHepauuu.

Kniouesble cnoBa: HU3KOMONEKYNIAPHbIE OfeQUHLI, MyBoKui KaTanuTi-
YECKUIM KPEKUHT, TMPONU3 , KATANIM3ATOP, NOBEPXHOCTL HArpeBa, rannyuauTbl.

Abbacos B.M., 3ennanos 3.6., Hypues JI.T., ddeHauesa 1.M.,
Doxabpaunszage W.3.

NonyueHue cuHTETUYECKUX HA(ITEHOBBIX KUCNOT NyTEM
a3pobHoro oxucnenua vareHo-nzonapaduHoBLIX yrae-
BOAAOPOAOB B NPUCYTCTBUU CONEN NPUPOAHDLIX HePTAHLIX
KO IOT .ot eeeieeeeaetaeernenensaesensnrnsnssenssanseacnnens 26

MpeacTaBneHsbl pe3ynbTaTsl KUAKOPA3HOIO OKUCAEHNUA HadTeHO-U30Na-
padvHoBLIX yreBogopoaos dpakuuu 216—360 °C asepbaipmaHcKux
HedTel B NPUCYTCTBUU CONU METANAOB NOCTOAHHON (Zn) ¥ NepeMeH-
Hoit (Cr, Mn) BaneHTHOCTU NpupoAHbIX HedTaHbix kucnoT (MHK). N3y-
YeHa 3ABUCUMOCTb BbIXOAA CUHTETHYECKUX HadTeHoBbix xucnoT (CHK)
0T NpUpOAbI 1 KoHUeHTpauuu (0,2-1,0 Mac.%) katanuzartopa. Haubone-
wwit Boixog CHK nonyded npu koHuentpauusx 0,2 mac.% Cr(MMHK) n
1,0 Mac.% Mn(NHK). Npu cosmecTHOM ucnonb3osaHuu conedi Cr u Mn
Habniogaetca cuHepreTudecknit addekT. MonyyeHHsie pe3ynbTatsl peKko-
MEeH0BaHbl ANd Peann3alum HoBOro Nakera cTabunn3aTopos ANA CUHTe-
33 CMHTETUYECKUX HATEHOBBIX KUCAOT B NPOMBILINEHHOM MacluTabe.

Kniodesbie cnoBa: HaTeHOBLIA KOHLIEHTPAT, a3pOBHOE OKUCNEHUE, Ka-
Tanu3aTops OKUCNEHUA, CONU NPUPOJHLIX HEDTAHLIX KUCNOT, CHHTETH-
Yeckue HaTeHoBbIE KUCNOTHI, CUHepreTuyeckuit adexT.

Marsees K.W., uxuna E.T., Opaxos B.®, Napmon B.H.

fomoreHHble KaTtanu3aTopbl OKUCNIMTENbHO-BOCCTAHOBU-
TeNbHbIX NPoLeCcCcOoB Ha OCHOBE PAaCcTBOPOB reTeponosu-
kucnor. L. Pe3ynbra'rb| NMUAOTHLIX UCMLITAHUK KaTanusa-
TOpa U npouecca CUHTE3a METUIITUNKETOHA................ 32

OnbiTHele paboTel 2005—2006 rr. NO CuHTe3y MeTuadTUakeToHa (M3IK)
6binu npoBeAeHbl C LENbI0 TEXHOIOTUYECKOrO OCBOEHUA NPOLIECCa Bhl-
COKOCeNeKTUBHOIO OKUCAeHUs H-6yTuneHa B MIK kucnopogom B npu-
CYTCTBUM HOBOTO FOMOTEHHOrO Kartanusatopa. On npepctasnan coboi
6ecxnopuanblil Boasbiik pactsop PA(II) + IMK-7', rpe TNK-7' — Bhicoko-
BaHapuenas Mo-V-doccopHas kucnora MoguduLMpoBaHHoro (Hexerru-
HoBCcKoro) Gpytro-coctaa H,,P3Mo,gV;045. Ana obecneyenua B3pol-
BO- U NOXapobe30nacHOCTK OMLEITHO-NPOMBILAEHHOW ycTaHoBKKM (0NY)
M3HK-npouecc 6bin ocyilecTsaeH 8 pse cTaauu (1) + (2), nposoauMsie B
pasHbix peakTopax. lpu 3ToM aBMXKeHUe pacTsopa Katanusaropa s OMY
OCYUECTBASNOCH MO 3aMKHYTOMY Lukny. Llenesas peakuyus (1) ocyuect-
sasnacs npu 60 °C u gasneHun H-6ytunexa 9 6ap B Tpy6uaToM peakTo-
pe 1 upeanbHoro BuTecHeHus B oTcyTcTBue 0,. BbICOKUIt OKMCAUTEALHBIR
noTeHuuan pacreopa [MK-7" obecneyunsan BHICOKYIO CKOPOCTE peakuuy,
anuslencs meHee 20 MuH. Otaenenune M3K oT BocCTaHOBNEHHOTO KaTa-
AM33TOpa NPOBOAUNOCH B MIEHOUHOM Ucnaputene (OTNApHOW KONOHHE)
npu 100 °C. MNocnepylowan pereHepauus xaranusaropa KUCNOpoLOM

lene yield by another 2.2 wt % and an increase in the propylene yield
by 3,3 wt.%. Cracking of the pure cottonseed oil under identical condi-
tions provided 16,1 wt.% and 9,2 wt.% yields of ethylene and propylene,
respectively. A possibility was established to use halloysite nanotubes
as the heating surface for thermal pyrolysis of the above said raw mate-
rials at 700-800 °C to produce C,-C; olefins at higher yields than those
achieved in the industrial processes. The full regeneration of halloysites
makes it possible to recycle them for thermal transformation of the raw
materials under study.

Keywords: low molecular weight olefins, catalytic high-destruction cra-
cking, pyrolysis, catalyst, heating surface, halloysite.

Abbasov V.M., Zeinalov E.B., Nuriev L.G., L.M. Efendieva,
Jabrailzade Sh.Z.

Production of synthetic naphthenic acids through aerobic
oxidation naphthene-isoparaffin hydrocarbons in the pre-
sence of salts of natural petreleum acids................. .. 26

The data on liquid-phase oxidation of naphthene-isoparaffin hydro-
carbons (216-360 °C fraction) of Azerbaijanian oil in the presence
of constant (Zn) and variable (Cr, Mn) valence metal salts of natural
petroleum acids (NPA) were reported. The dependence of the yields
of synthetic naphthenic acids (SNA) on the catalyst nature and con-
centration (0,2-1,0 wt.%) was studied. The highest SNA yields were
observed at the concentrations of 0,2 wt.% Cr(NPA) and 1,0 wt.%
Mn(NPA). The synergistic effect was observed with a combination of Cr
and Mn salts. The results obtained were recommended for application
of the new stabilizer package for commercial production of synthetic
naphthenic acids.

Keyword: naphthenic concentrate, aerobic oxidation, oxidation cata-
lysts, salts of natural petroleum acids, synthetic naphthenic acids, syn-
ergistic effect.

Matveev K.I., Zhizhina E.G., Odyakov V.F., Parmon V.N.

Homogeneous catalysts for redox processes based

on heteropoly acid solutions. 1. Pilot testing of the cata-
lyst and of the process for synthesis of methylethyl
Ketone.. ... 32

In 2005-2006, experimental studies on synthesis of methylethyl ke-
tone (MEK) were aimed at the technological adoption of high-selective
oxidation of n-butylene into MEK with air in the presence of a new ho-
mogeneous catalyst. The catalyst was a chlorine-free aqueous solution
Pd(II) + HPA-7', where HPA-7" was a high-vanadium Mo-V-P acid of the
modified (non-Keggin) total composition H,,P;Mo,gV;0g5. The fire and
explosion safety of the pilot plant (PP) was achieved by arranging two
stage MEK process (1) + (2) in different reactors, while the catalyst solu-
tion was made close-circuit flowing. Target reaction (1) was conducted
at 60 °C and 9 bar of n-butylene pressure in a plug-flow reactor 1 in the
absence of oxygen. The high oxidative potential of the HPA-7’ solution
provided the high rate of the reaction that took less than 20 min. MEK
was separated from the reduced catalyst using a film evaporator (steam-
ing column) at 100 °C. Stage (2) was the catalyst regeneration with
air oxygen in a unique plug-flow reactor 2; it took 40-50 min at 160-
190 °Cand 20 bar (Py, =4 bar). The regenerated catalyst was fed again
to reactor 1 for the next catalytic cycle. Thus, the two-stage catalytic
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Cogepxatue

BO3JyXa Ha CTaauu (2) NpoBOAMNACH B OPUTUHANBHOM peakTope 2 upe-
ansHoro cmewenus, Mpu 160-190 °C u gasneHum 20 Gap (Py, = 4 6ap)
oHa gnnnack 40-50 MuH. PereHepupoBaHHbIA KaTanu3aTop BHOBbL NOCTY-
nan B peakTop 1 Ha CrefyioUMi KaTanuTudecknin umkin. Takum obpasom,
KaraNuTuieckas peakuus oKucnexus H-6yTuneHa wucnopogom Ha ONY
ocyulecTBAsRach AByxcTaguiHo, a cbem M3Ka npoucxoaun HenpepbisHoO.
OnbITHbIE paboThl OKA3a/M, YTO PEXUM HECTALMOHAPHOTO KaTanu3a npu
peanusauuu MIK-npouecca B Ase craguu cebs onpasgan. Coctae pas-
paboTaHHoro Katanuzatopa Pd(II) + [MK-7" 6an30K K onTuMansHomy.
AHanu3 HegocTaTkoB B KOHCTpyKuuu OMY no3sonun HaMmeTutb NyTU ee
PEKOHCTPYKLUM ANS BLIXOAA HA NPOEKTHYIO MOWHOCTL 250 kr M3K/cyT.
PezynbTatel, nonydeHHsie npu peanusaunn M3K-npouecca B nUnoTHOM
BapuaHTe, GyAyT yuTeHbl npu paspaborke ABYXCTafUAHBIX TEXHONOrUi
OKUCNEHUS APYrUX OPraHUuecKUX COeAUHEHU  KUCNOPOAOM B NPUCYT-
cTeum pacreopos 1K,

Kniodesble cnoBa: KaTanuTUuecKoe OKucneHue 6yTeHa—1, METUNITUIIKE-
TOH, paCTBOPbLI reTEPONONNKUCNOT, ONBITHO-NPOMBIWAEHHBIE UCNBITAHUA.

CaBoctbaHos A.ll.,, HapouHuii 6., flkoseHxo P.E,
Actaxos A.B., 3emnskos H.[l., MepkuHn A.A., Komapos A.A.

Pa3paboTKa 0CHOBHbBIX TEXHONMOTUHECKUX PelieHU
ANA ONbITHO-NPOMBIWNEHHON YCTaHOBKMN NONYYEHUA CUH-
TETUYECKNX YrNeBOAOPOAOB U3 NPUPORHOrO rasa........ 43

Pa3paboTaHbl OCHOBHbIE TEXHOJOTMYECKWE PeleHUA AN ONbITHO-APO-
MbilwneHHow ycraHoskyu (OMY) nonyuerua CUHTETUUECKNX YTeBOAOPOAOB
“3 NpUPOSIHOTO rasa no 3-x CTaAUAHON cxeMe, BKAIOHaIOWeN: noayyerue
CHHTe3-rasa, CUHTe3 WwupoKon dpakuuu yrmesopoponos (LUIDY), seige-
NEHUE U OYUCTKA Lepe3uHa. JNa nonydeHusi cuHTe3-rasa o60CHOBaHO
UCNoNb30BaHWE METOJA NapyKabHOro OKMUCIEHNA MeTaHa (NPUPOJHOTO
raza) so3gyxoM. [ns cuntesa WY onpepenena obnacts ycrotumsoit
paboTbl Tpy6GuaTbIX PEaKTOPOB Ha KOOANLTOBOM Karanu3arope ¢ UCNosb-
30BaHueM pa3basneHHoro cuHTes-rasa: t < 230 °C, P < 2,0 MMa, OCT <
<1500 471, Buipenerue Lenesblx NPOJYKTOB CUHTE3, B TOM YUChe Le-
pe3uHa 100, ocywecTBNserca nyTeM CTyneH4yaroro (paxuuoHUpoBa-
HWUA NpU aTMochepHOM 1 NOHWKEHHOM (A0 10 MM PT. CT.) AaBNeHUAX,
t <360 °C. MpeanoxerHsle peweHns obecnesnsalnT rMbKOCTb U Haem-
HOCTL patotsl OMNY, BO3MOXHOCTL OTPABOTKN PEXUMOB IKCIAYATALNM B
LIMPOKOM ANANa30He TEXHONOTUYECKNX NapaMeTpos.

KnioyeBble CNOBA; NPUPOAHbLIA ras, CUHTETUYECKHE YINeBOJOPOab, Le-
pe3uH, metop Prwepa — Tponwa, Karanu3arop, TeXHONOTMYECKUE petie-
HUs 1St OABITHO-NPOMBIWNEHHOW YCTAHOBKU.

KATANIN3 B HEGTENMEPEPABATbIBAIOLLEN
NPOMBILINEHHOCTU

Ouk M.1., Knumos 0.B., byayxsa C.B., JleoHosa K.A.,
Nepeitma B.10., fepacumos E.10., Aanunnosa U.T., Hockos A.C.

Hukenb-MonubaeHoBbIE ANOMOCUNMKATHBIE KaTanu3aTopsl
rMAPOKPEKUHTa BAKYYMHOFO ra3ouns, OpMeHTUPOBAHHbIE
Ha NOBbLILWEHHBIN BLIXOA AU3ENbHOA PpakuuM............ 49

MpuroToBneHsl HUKENb-MONUBAEHOBLIE KaTANW3ATOPbl rMAPOKPEKMHa
Ha ocHoBe amopdrbix anioMocunuxaroe (AAC) c cooTHoweHuenm Si/Al ot
0,3 0o 1,5 ¢ UCnonbL30BaHWeM JOCTYNHLIX ANA KatanusaropHoix Ghabpuk
peareHToB U METCAO0B NMPUroTOBNEHWA. WU3yYeHbl KUCAOTHLE CBOICTBA
nosepxHoctu AAC meronoM UKC no apcopbunu (O; nokasano, uto co-
oTHouwekue Si/Al BanaeT Ha KOHUEHTpaUWIo U cuny 6PEeHCTEOBCKNX U
RLIOUCOBCKUX KUCNOTHbIX UeHTpoB B AAC. Karanusatops! usydyeHs Mme-
TOAaMW Hu3KoTeMnepaTypHoi aacopbuuu asota u M3M; ycravoeneHo,
yto cooTHolweHue Si/Al B AAC cka3biBaeTca Ha TEKCTYPHbIX XapaKrepuc-
TUKAxX Katanan3aTopos, HO cnabo BRAMAET Ha AUCNEPCHOCTL cynbdUaHOTO

reaction of n-butylene oxidation with oxygen was conducted in PP with
the continuous isolation of MEK. The experimental studies demonstrat-
ed viability of non-stationary catalysis for the two-stage MEK process.
The developed catalyst composition, Pd(II) + HPA-7', seemed to be close
to optimal. Inspection of the PP design drawbacks allowed the way of
its reconstruction to be identified in order to drive up to the rated ca-
pacity of 250 kg MEK/day. The results obtained by pilot testing of the
MEK process will be taken into consideration to develop two-stage tech-
nologies for oxidation of various organic compounds with oxygen in the
presence of HPA solutions.

Keywords: catalytic oxidation of butane-1, methylethyl ketone, hete-
ropoly acid solutions, pilot testing.

Savostianov A.P.,, Narochnyi G.B., Yakovenko R.E.,
Astakhov A.V., Zemlyakov N.D., Merkin A.A. , Komarov A.A.

Development of basic engineering concept for the pilot
plant for production of synthetic hydrocarbons from
naturalgas................ Ceeeneeeeeeavenaaeeeniaaeenaeeeunnaennnnns 43

An engineering basis was developed for the pilot plant (PP) for pro-
duction of synthetic hydrocarbons from natural gas according to the
three-stage process including generation of synthesis-gas, synthe-
sis of wide hydrocarbon fraction (WHF), isolation and cleaning of
ceresin. It was reasonable to use the partial oxidation of methane
(natural gas) with air to produce synthesis-gas. To synthesize WHF,
the range of stable operation of tube reactors with a cobalt catalyst
and diluted synthesis gas was determined as follows: ¢t < 230 °C,
P < 2,0 MPa, gas flow rate <1500 h™%. The target products including
ceresin 100 were isolated via stepwise fractioning at atmospheric
and low (down to 10 mm Hg) pressures, t < 360 °C. The suggested
concept provided flexible and reliable PP operation and the possi-
bility to optimize operational regimes over a wide range of process
parameters.

Keywords: natural gas, synthetic hydrocarbons, ceresin, Fischer —
Tropsch process, engineering basis for pilot plant.

CATALYSIS IN PETROLEUM
REFINING INDUSTRY

Dik P.P., Klimov 0.V., Budukva S.V., Leonova K.A.,
Pereima V.Yu., Gerasimov E.Yu., Danilova I1.G., Noskov A.S.

Nickel-molybdenum aluminosilicate catalysts for hydro-
cracking of vacuum gasoil to improve the yield of diesel
fraction ... ettt ettt ereena e 49

Industrially available reagents and preparation methods were used for
synthesis of nickel-molybdenum catalysts for hydrocracking based on
amorphous aluminosilicates (AAS) with the Si/Al ratio from 0,3 to 1,5.
Acidic properties of the AAS surface were determined from CO adsorp-
tion using IR spectroscopic technique. The Si/Al ratio was shown to
influence the concentration and strength of Broensted and Lewis acid
sites in AAS. The studies using low temperature nitrogen adsorption
and TEM revealed that the Si/Al ratio affects the catalyst textural pa-
rameters but practically not the dispersion of the active sulfide com-
ponent. The catalysts for hydrocracking of vacuum gasoit were tested

4
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Copepxatue

aKTUBHOro KoMnoHeHTa. Katanuzaropel MCnbITaHbl Ha naboparopHoi
NMPOTOUYHOM YCTAHOBKE BLICOKOFO AABMEHUA B THAPOKPEKUHIE BaKyyMHO-
r0 ra3oins npu yCnoBUAX, TUNUUHLIX ANA NPOBEJEHMUA 3TOro npouecca
8 npoumbitineHHocTH. Hanbonbwuit Beixop AusensHoi dpakyuu (6onee
60 mac.% npu 400 °C) nonyyeH Ha Katanusatope, NPUFOTOBNEHHOM Ha
ocHoe AAC ¢ Si/Al = 0,9, KoTOpbIl XapakTepu3yeTca Hanuuuem Hanbo-
niee CUAbHLIX BPEeHCTEJOBCKMX KACIOTHLIX LeHTpoB. Ha xatanusatopax
¢ cootHowennem B AAC Si/Al = 0,3 1 1,5 BLIXOA AM3ENbHO! dpakuuu
3HAYMTENLHO MEHbIUE, YTO MOXET 6blTb 06YCNOBAEHO MEHBIIMMU KOH-
ueHTpaLnei U CUNOW KUCNOTHLIX LIEHTPOB B RaHHbLIX KaTanusaropax, a
TaKkKe MeHbleN ux YRENbHOM Naowanbo nosepxHocTy. MonyyeHHsle pe-
3ynbTaThl NO3BONAIOT peKoMeHposaTh NiMo Katanu3saTop Ha ocHose AAC
¢ Si/Al = 0,9 k npombiwaeHoMy npumeHennio Ha HN3, opuenTuposaH-
HbIX Ha MAKCUMafbHOE NPOM3BOACTBO MANOCEPHUCTHIX BbICOKOLETAHO-
BbIX JU3EAbHBIX TONAUB.

KnioueBble cnoBa: rugpoKkpekuHr, BaKyyMHbIV rasoiins, AusensHas pak-
UMA, KaTanusatop, amOP@HbIA ANIOMOCUANKAT.

I WHXEHEPHLIE MPOBJIEMbI.
3KCNAYATALMA U NPOU3BOACTBO

bpywreitn E.A., Banuypun B.W., Awenko A.B.

[IpoMbllINeHHBIA MOHWUTOPUHT NOTEPL NAATUHOUAOB
npy¥ OKUCNeHuU amMuacka B arperarax YKN-7 .............. 59

lfpoBefeH MOHWUTODWHI NOTEPL NIATUHOMAOB MPU OKUCNEHUM aMMUAKa
B npoMmblineHHblx arperatax Tuna YKJ1-7 ¢ ogHO- U ABYXCTyneHYaTsIM
odopMaeHUeM KatanuTuyeckoi cucremst. 06cnefoBaHsl 12 arperatos
OAO «AkpoH» u 11 arperatoB OAO «HesuHoMbicckuit A30T». YcTaHoB-
NeHo NpUMepHOe PaBeHCTBO NOTEph MNATMHOWAOB CPeAN NepsbiX MATH
CETOK B annapartax AuameTpom 1,70 M U cpeam nepsasix Tpex Nno xoAy rasa
NNaTMHOMAHBIX CETOK B annaparax AuaMeTpoM 1,93 M npu 3HaYnTenbHOM
CHUXEHWU NoTepb C NocAefyiowMux ceTok. BeeaeHo noHsTUe MexaHoXu-
muyeckux (MXN) u npusegeHHbIXx (OTHECEHHBIX K KONUYECTBY APOU3-
BE/leHHOW a30THOM KMCNOTbI) MEXAHOXUMUYECKKX NOTEPL NNATUHOUOB,
33BUCALUNX OT UHTEHCUBHOCTH NMPOTEKAHWUA KATaNUTU4ECKON peakunn u
ocobeHHOCTel razofuHaMUYecKoi 0BCTAHOBKM B KOHTAKTHOM annapare.
YcTaHOBNEHO, YTO COOTHOWEHUE MACCOBBIX AOMEA NOTEPh ANATUHOMAOB
C CETOK KaTaNuTUYeCKOW CUCTEMBE ONpefieNifaeTca IUamMeTpoM annapara v
NOJIOKEHUEM AHHBIX CETOK B C/10€, 13 Yero BbinM OUeHeHbl paHee Hens-
BECTHble TepMUyeckue noTepu. NOKa3aHo, YTO 3aBUCUMOCTL YAENbHLIX
noTepb NNATMHOMAOB OT npuBefeHHbIXx MXIT nopunHAETCA nuHERHOMY
3aKoHy U nossonsiet paccyutars MXMN gns no6oro arperara YKJ1-7. Bui-
ABREHS! IKCNEPUMEHTaNbHBIE 3aBUCMMOCTH JOM aMMUaKa, nepepabo-
TAHHOFO ANATUHOMZHOK CETKOW, OT ee MONOMEHUA B KaTaNM3aTOPHOM
cnoe, ykasblBamlle Ha He0BX0[UMOCTb KOPPEKTUPOBKM UCNOAb3YEMON
ANA pacyeToB MaTeMaTUyeckoi Moaenu. AHanus MXT1 gaeT Bo3MOXKHOCTL
BLIABUTL 3AKOHOMEPHOCTU 3IKCMYaTayMOHHOID W3HOCA MAATUHOMAHBIX
CETOK B Pa3NMUHbIX arperarax v npeaBuaeTs CTeneHs U xapakTep paspy-
WeHUA KaTanusaTopa Npu OCHAWEHWU KOHTAKTHBIX annapartos HOBbIMY
3hheKTUBHLIMM KATANUTUHECKUMU CUCTEMAMMU.

KnioueBble cnoBa: okUcneHwe aMMUaKa, KOHTAKTHbIH annapar, Karanu-
3aTOpHbLIE CETHK, NOTEPH NNATUHOUAHOB.

Kataes A.H., Nambepos A.A., EropoBa C.P., unsmMaHos X.X.
WUccneporatue pakTopos, BAUAIOWUX HA IPO3MOHHBIA
H3HOC 060pY/A0BaHMA YCTAHOBOK RETURPUPOBAHUA B KUNA-
uem cnoe MyuKpocepuyecKux aNtioMOXPOMOBLIX KATANM-
3aTOpOB B YCAOBMAX NPOMBILIEHHOMN IKCNAYATALMUM ..... 66

B cTaTbe 06cyKAAIOTCA OCHOBHBIE NPOBAEMBI, CBA3AHHBIE C IKCNTyaTaLme
B MPOLECCe AerMAPMPOBaHUA M30NapaduHOB MUKpoChepUdecKux anio-

using a laboratory high-pressure flow installation under conditions
typical of the industrial process. The highest yield of the diesel fraction
(more than 60 wt.% at 400 °C) was observed with the catalyst based
on AAS with Si/Al = 0,9 which bore the strongest Broensted acid sites.
A considerably lower yield of the diesel fraction obtained at Si/Al =0,3
and 1,5 was accounted for by lower concentrations and strengths of the
acid sites in these catalysts, as well as by their lower specific surface
areas. The data obtained allow the NiMo catalyst based on AAS with
Si/AL= 0,9 to be recommended for the refineries to produce mainly low-
sulfur high-cetane diesel fuel.

Keywords: hydrocracking, vacuum gasoil, diesel fraction, catalyst,
amorphous aluminosilicate.

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION

Brustein E.A., Vanchurin V.I., Yashchenko A.V.
Monitoring of platiniod losses during ammonia oxidation
inindustrial UKL-7 units ..., 59

Platinoid losses were monitored during oxidation of ammonia in in-
dustrial UKL-7 type units bearing one- and two-step catalytic sys-
tems. Twelve units at the Acron Co. and eleven units at the Nevin-
nomysskiy Azot Co. were inspected. Approximately equal platinoid
losses along the gas flow were observed from the first five woven
gauzes in the 1,70 m diameter reactors and from the first three
gauzes in the 1,93 m diameter reactors, while the losses from the
following gauzes decreased considerably. The concepts of mechano-
chemical losses (MCL) and reduced mechanochemical losses (related
to the amount of produced nitric acid) were introduced as dependent
on the intensity of the catalytic reaction and on the specific gas-
dynamic conditions in the catalytic reactor. It was established that
the reactor diameter and arrangement of the gauzes in the reactor
determine the ratio of platinoid weight losses from the catalyst wo-
ven gauzes; the data obtained were used for estimation of the previ-
ously unknown thermal losses. The demonstrated linear dependence
of the specific losses of platinoids on reduced MCL allows MCL to be
calculated for any UKL-7 unit. Experimental dependences of the am-
monia conversion over the platinoid gauze on the gauze arrangement
in the catalyst cartridge were determined to indicate the necessity of
correcting the applied mathematical model. Analysis of MCL makes
it possible to reveal reqularities of operational damage of platinoid
woven gauzes in various reactors and to predict the degree and type
of the catalyst destruction in catalytic reactors bearing new effective
catalytic systems.

Keywords: oxidation of ammonia, catalytic reactor, catalyst woven
gauzes, platinoid losses.

Kataev A.N., Lamberov A.A., Egorova S.R., Gilmanov Kh.Kh.
Studies of factors affecting the erosive wear of industrial
facilities for dehydrogenation in the fluidized bed

of microspherical aluminochromiun catalysts............. 66

Main problems related to the operation of high strength impregnated
microspherical aluminochromium catalysts in the process of dehyd-
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Copepwanue

MOXPOMOBbIX KAaTaIM3aTOPOB NPONUTOYHOTO TUNA, 06NARAIOLMX FOBLILIEH-
HOW APOYHOCTBIO. AKLEHT cienaH Ha npobneme 3pO3UCHHOIO U3HOCa CTe-
HOK NeperoyHbiX Tpy6oNpoBOAGE NPy IKCNIYaTaUUu CMECH NPONUTOUHOTO
KOW « tpaguunonHoro UM-2201C karanusatopoB u cnocobax ee pewe-
HuA. YCTAHOBNEHO, YTO OCHOBHOW NPU4NHOMA NOBLILWEHNA 3PO3UOHHOTO U3-
HOCa ABAAETCA BO3pacTaHUe MMNYNbCA YaCTUL, KaTanusaTopa BUIEACTBUE
YBEAUYEHUA CPEfHEro pa3Mepa YacTuu U CKOPOCTH TpaHCnopTHOrO rasa:
npu nepexoge or UM-2201C k cmecu NIM-2201C ¢ KIIM (70 : 30) cpegHuii
pa3mep 4acTUL, «paBHOBECHOFO» KaTanusatopa ysenuuusaetca oT 68 fo
74 mgM. Paccuntan ontuMansHull (DPaKUUOHHBIA COCTAB BLICOKOMPOY-
HOW KaTaNUTUYECKOM CUCTEMBI, IPU KOTOPOM abpasnuBHan aKTUBHOCTL He
BO3PACTaeT ¢ TeYeHUEM BPEMEHM, NPU 3TOM 06eCneynuBaerca CHUXeHue
CHOPOCTHU NOJABAEMOro TPAHCMOPTHOTO Fa3a W COXPaHeHKe KonuyecTea
4acTuy, pa3mepom 20—40 MM Ha ypoBHe 20-30 mac.%. PekomeHpoBaHa
HapaboTKa NPOMBILIEHHbIX NAPTUI BLICOKONPOYHOrO Katanusaropa on-
TUMaNbHOFO (hPAKUMOHHOTO COCTaBa C LEbIO Nepexofa NPOMbIWAEHHLIX
VCTAHOBOK AErMApUPOBaHUA U300yTaHa K IKCmayatauuv nponuTouHOro
xaranuaaropa KU 6e3 pobasnenus UM-2201C.

KnioueBble CnoBa: aniOMOXPOMOBLIM KaTanu3arop, 3p03MOHHBIA U3HOC,
abpa3susHan akTUBHOCTS, aBpasuBHOCTD, JerMAPUPOBAHNE,

| BUOKATAJIN3

Crenauesa A.A., Hukowsunu J1.XK,, Cynoman I.M.

NannagueBbie KaTanU3aTopbl Ha OCHOBE CBEPXCIIMTOrO
nonucTupona B npoussogcree Mpun-ansens............... 73

W3yueHbl HOBblE NannagueBbie Karanu3aropbl HA OCHOBE CBEPXCUIMTOTO
nonuctupona (CNC) B peakuuu ruppopeokcurennposanua (IN0) cre-
apUHOBOW KMTIOTLI, BHIGPAHHOW B KaYeCTBe MOAENLHOFO COELMHEHUS.
TMipoBefieHO HU3IUKO-XUMUYECKOE U KMHETUYECKOE UCCNER0BaAHNE CUHTE-
3MPOBAHHBIX KAaTAfIMTUYECKUX CUCTEM B CPaBHEHWUN C MPOMBILINEHHbIMU
KaTa/u3aropamu Ha 0CHOBE aKTUBUPOBAHHOTO Y. MeTopaMm Hu3KoTeM-
neparypHoi aacopbLUMmn a3oTa, peHTreHo-(hOTOINEKTPOHHOW CNEKTPOCKO-
nuu, NK-tbypbe-cnekTpomMeTpun, TepMOTPaBUMETPUYECKOTO aHanu3a Gbina
U3y4eHa CTPYKTypa nannaguessix KaTanusaropos Ha ocHose CNC. KuHe-
THYECKUE UCCRe0BaHUA NMPOBOAUNY DU HENPEePLIBHOM NepeMewnBaHu
(c yacToto# 700 06/MuH) B Cpefie fOAEKAHA, NPU NAPLMWANLHOM AABNEHUU
soaopoaa 0,6 MNa. buino usydexo snvaHue Temneparypel (230-255 °C) u
HauYaNbHOM KOHYEHTPauMy cTeapuoBoi knanotsl (0,05-0,20 Mons/n) Ha
npouecc [N0 cTeapuHoBOW KUCNOTLI. B pesynbraTe KUHETUMECKUX 3KCNepH-
MEHTOB 6610 HalAEHO, 4TO Cpeau UCCNeyeMblx KaTanu3aTopoB Ha OCHOBE
CAC (1 v 5 Mac.%) W aKTMBUPOBAHHOIO ymA (Copepwanue nannapgua 1 u
5 Mac.%) nanbonee aKTMBHOR (Wi, 20 % = 0,013 MOnbey/(MONbpg-MUH)) U
cenexTsHoM (S,_c, =99 %) 8 npouecce 10 cTeapnHOBOA KUCNOTHI SBAS-
€TCA KaTanuTuyeckas cuctema 1%Pd/CrIC. BuissneHo, 4To € pocTOM TemMne-
paryphbt 3aKOHOMEPHO NOBLIWAETCA CKOPOCTL NPOLLECCA, @ YBEUYEHUE HA-
YaNLHOM KOHLIEHTPALMN CTEAPUHOBOIR KUCNOTbI NPUBOAUT K YBEUYEHHUIO
npogonxutensHoctu [M0. Ucnonb3oBaHue nannagueBblX KaTanv3aropos
Ha ocHose CI1C no3sonser nosbicuts 3ddekTuBHOCTL Npouecca IO, a
npoeegeHHoe UCCefOBAHNE MOXKET CTYKUTL OCHOBON ANa MOAUGUKAUMUN
TEXHONOTMU NPOU3BOACTBA [PUH-AM3ENA.

KnioueBbie cnosa: IpuH-gusens, Nannaguitcofepxalynit Karanusarop,
rMAPOAEOKCUTEHNPOBAHUE,

rogenation of isoparaffins are discussed. A focus is made on the prob-
lem of erosive wear of the walls of overflow pipelines during opera-
tion of the mixture of the impregnated isobutane dehydrogenation
catalyst (IDC) with the traditional IM-2201C catalyst and on the
ways to resolve the problem. It is established that the main reason
for intensifying the erosive wear is the rise of the catalyst particle
pulse due to an increase in the average particle size and an increase
in the transport gas flow rate: Upon substitution of the mixture of
IM-2201C and IDC (70:30) for IM-2201C, the average particle size
of the equilibrium catalyst increases from 68 to 74 um. The op-
timal fraction composition of the high-strength catalytic system
is calculated to provide no increase in the abrasion activity but
a decrease in the feeding rate of the transport gas and preserva-
tion of the 20-30 wt.% proportion of particles of 20-40 pm in size.
It is recommended to manufacture a commercial batch of the high-
strength catalyst with the optimal fraction composition in order to
use it without addition of IM-2201C for the industrial isobutane
production.

Keywords: aluminochromium catalyst, erosive wear, abrasion activity,
abrasivity, dehydrogenation.

BIOCATALYSIS

Stepacheva A.A., Nikoshvili L.Zh., Sulman E.M.

The palladium-containing catalysts on the base of hyper-
crosslinked polystyrene in the Green-diesel production
PrOCESS....vvniimcneinnenreneenes PP 73

New palladium-containing catalysts on the base of hypercrosslinked
polystyrene (HPS) were studied in the hydrodeoxygenation (HDO)
reaction of stearic acid as model compound. The physics-chemical
and kinetics investigation of synthesized catalytic systems in the
comparison of industrial catalysts on the base of activated carbon
was conducted. The structure of palladium-containing catalysts on
the base of HPS was explored by the methods of low-temperature
nitrogen physical adsorption, X-ray photoelectron spectroscopy,
IR-Furies spectrometry and thermogravimetric analysis. Kinetic in-
vestigations were carried out with continuous stirring (700 rpm),
using dodecane as solvent, under the hydrogen pressure 06,6 MPa.
The influence of temperature (230-255 °C) and initial stearic acid
concentration (0,05-0,20 mol/l) on the HDO process was studied.
It was found that that the system 1%-Pd/HPS is the most active
(W04, = 0,013 molsy/(molpg-min)) and selective (S,_c,, = 99 %) in
the stearic acid hydrodeoxygenation process among the studied ca-
talysts. The estimation of influence of temperature and initial sub-
strate concentration revealed that the process rate increases with
increasing of temperature, and the increase of the initial stearic acid
concentration leads the increasing the GDO duration. The use of pal-
ladium catalysts based on HPS can improve the efficiency of GDO,
and the present research forms the basis for modification of Green-
diesel production technology.

Keywords: Green-diesel, palladium-containing catalyst, hydrodeoxy-
genation.
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