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HoBgbii rasothasHbiid MeTos, NPOU3BOACTBA MyPaBLUHON
KUCAOTbI. UCNbITaHUA HA MUNIOTHOM YCTAHOBKE ............ 16

B npoMbiwneHHoM MacwTabe MypaBbUHAA KWUCNOTa NPOUIBOAUTCA U3
MeTUAOPMUATA MHOTOCTARUAHBIMU XHuAKODAIHEIMK CIOCODAMY, XapaK-
TEPU3YIOWNMUCA GOMbLWIOH KANUTANOEMKOCTBIO U BLICOKMMMU 3arpaTami
axeprum. B UHcTutyre Katanusa paspabotaH razodasHulii MeTog cuHTe-
32 MypaBbMHOM KMCNOTH! KaTaUTUECKUM OKUCeHWeM hopManbaeruaa
kucnopogom Bo3fyxa. Co3faHa NUNOTHas ycTaHOBKA NMPOVI3BOAUTENL-
HOCTbIO A0 3 Kr/4 MypPaBbMHOW KUCAOTHI; ee CxeMa M KOHCTPyKUUM an-
NapaTtos NOJHOCTBIO BOCNPOU3BOAAT 6YAYLINIA NPOMBILLNEHHbIHA NpoLecC.
OH silI04aET ABE KaTaUTU4ECKME CTaANK: OKUCTEHUe MeTaHona B Gop-
Manbherug v okucnenve dhopManbiernaa B MypaBbuHylo kucnoty. Me-
TAHON OKUCNRETCH HA KOMMEPYECKOM OKCUOHOM Xene3o-MonubgeHoBoMm
KaTanuiatope B TPAAUUUOHHBIX ycnosuax. Okucnenue dopMansaeruaa
B KMCAOTY NPOBOAMUTCA HA OKCUAHOM BaHaf[WIA-TUTAHOBOM KaTanusaro-
pe npu Temnepatypax 120-140 °C. B ¢Bsi3u C y30CTbl0 TEMNEPaTypHOro
WHTepBana Ha BTOPOiA CTaAMW WUCTIONL3YIOTCA [ABYXPEaKTOpHas cxema M
YacTUuHoe pasbaBnenne cNos HEPTHOW HACAAKOI B TEPBOM U3 1BYX pe-
aKkTopos. Wcneitanua npoBefeHsl NPU KOHLUEHTPALUU METaHOoNa B UCXOA-
Hoit cMecH 6—7 06.% W BapuaLuuu TeMNepartypsl B peakTopax oKUcneHus
dopMansaeruaa. B ontuMansHbIX pexumax BbIXo/, KACAOTHI COCTaBARET
87-88 % 8 pacyeTe Ha npeBpalweHHbli Gopmanbaerna v 79-81 % — Ha
npespaleHHbId MeTakon. 370 JOCTUraeTCA NpU NOSHOM NpeBpalleHun
MeTaHona M koHsepcuax dopmansgerupa 96,5-98,5 %. Texnonorus
YAOBNETBOpPAET TPeGOBAHUAM «3ENEHOW» XUMUM.

KnioueBble cnoBa: okucnenue, gopmansaerus, MypaBbUHAs KUCIOTA,
BAHAAWUA-TUTAHOBbIN KaTanu3atop, NUNOTHaA YCTaHOBKA.

WinmaHckas E.W., Jonyna B.10., Cyneman I.M.

Cuntes 2-metun-1,4-naproxunona (Buramus K3) ¢ npu-
MeHeHUeM HaHOCTPYKTYPUPOBAHHbIX 3010TOCOAEPKALLUX
KarasnM3aTopoB B YKCYCHOW KUC/IOTE U B CBEPXKPUTHYEC-
KOM QUOKCHUAL YINEPOAA ..ceoreininnnraninnranrencocerancocnacses 23

Wccreposano nonyueHue 2-metun-1,4-vadroxunona (ButamuHa K3)
oKUCNeHueM 2-MeTUnHadTanuHa 4 2-meTun-1-HaToNa c NnpUMeHeHM-
€M HaHOCTPYKTYPUPOBAHHbLIX 30/10TbIX KAaTaNnu3aTopos, HAHECEHHbIX Ha
ceepxcwuTbiil nosuctupen (5 % Au/CNC). Usyyexo BauaHue Temnepa-
TYPbl HA NPOLECC OKUCNEHMUSA; NPeANPUHATA NONbITKA 3aMeHbl CTaHAapTHO-
ro pacTBOPUTENA — YKCYCHOW KUCAOTHI HA 3KOJTOTUYECKM YUCTBIN CBEpPX-
KPUTUYECKNIA AUOKCHA yrepoaa. YCTaHOBAEHO, YTO NPU UCTONBL30BAHUU
cBepxkputuyeckoro (0, coxpaHaercsa soicokas (6nuskas k 100 %)
CeneKTUBHOCTL OKUCNEHUA 2-MeTun-1-vHadTona B UeneBoW APOAYKT,
npu 3TOM KOHBEpcus ysenudusaercad Ha 10-15 %. [Tpu okucneruu
2-meTunHadTanuHa ucnonb3osanune caepxxputuyeckoro C0, npuBoguUT K
Pe3KOMY CHUXEHUIO KOHBEPCUM M CENEKTUBHOCTH NO LIENEBOMY NPOAYKTY,
06yCNOBNEHHOMY TEM, 4TO B 3TUX YCNOBUAX He 06pa3yeTcs HaByKCyCHas
KWUCNOT], RBRAIWAACA OCHOBHLIM OKUCUTENEM B JaHHOM npouecce. [lo-
Ka3aHa BO3MOXHOCTb MCNONL30BAHUA HAHOCTPYKTYPUPOBAHHBIX 30/10ThIX

The 55 years anniversary of « NIAP-KATALIZATOR»
COmMPany.....cceevvnennens etetsttetetateenncnrtetstanttataanannnnsantinn 7

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

Andrushkevich T.V., Popova G.Ya., Danilevich E.V.,
Zolotarsky I.A., Nakrohin V.B., Nikoro T.A., Stompel S.I.,
Parmon V.N.

A new gas phase method for producing formic acid.
Tests on a pilot installation ................................ veeen16

On an industrial scale the formic acid is produced from methyl formate
by multi-stage liquid-phase methods characterized a high capital in-
tensity and high energy costs. In Institute of Catalysis the gas-phase
method was developed for the synthesis of formic acid by catalytic oxi-
dation of formaldehyde by air oxygen. A pilot plant with the capacity up
to 3 kg/h of formic acid was made, its scheme and design of apparatus
fully reproduce the future industrial process. It includes two catalytic
stages: oxidation of methanol to formaldehyde and the oxidation of for-
maldehyde to formic acid. Methanol is oxidized on the commercial iron
oxide-molybdenum catalyst in a traditional conditions. The formalde-
hyde is oxidized to the acid on oxide vanadium-titanium catalyst at
temperatures of 120-140 °C. Due to the narrow temperature range on
the second step it is used a two-reactor scheme and the partial dilution
of the bed with inert packing in the first reactor. Tests were performed
at a 6-7 %vol. concentration of methanol in the mixture. and tempera-
ture variations in the formaldehyde oxidation reactor. In optimal condi-
tions the acid yield is 87-88% per converted formaldehyde and 79-81 %
—for methanol conversion. This is achieved at full methanol conversion,
and conversion of formaldehyde 96,5-98,5 %. The technology meets the
requirements of «green» chemistry.

Keywords: oxidation of formaldehyde, formic acid, titanium-

vanadium catalyst, the pilot plant.

Shimanskaya E.I., Doluda V.Yu., Sulman E.M.

Synthesis of 2-methyl-1,4-naphthoquinone (vitamin K3)
using the nanostructured gold catalysts in acetic acid
and supercritical carbon dioxide ...........cc...c.e. 23

Preparation of 2-methyl-1,4-naphthoquinone (vitamin K3) by oxi-
dation of 2-methylnaphthalene and 2-methyl-1-naphthol using
the nanostructured gold catalysts supported on hypercrosslinked
polystyrene (5 % Au/SPS) was investigated. The effect of tempera-
ture on the oxidation process was studied; the attempt was made
for replacement of the standard solvent - acetic acid to an envi-
ronmentally friendly supercritical carbon dioxide. It is found that
the use of supercritical C0, is high (near 100 %), selectivity of
the oxidation of 2-methyl-1- naphthol to the desired product is
stored, wherein the conversion is increased on 10-15 %. Oxidation
of 2-methylnaphthalene using supercritical C0, leads to a drastic
reduction of conversion and selectivity to the desired product, re-
sulting from the fact that under these conditions peracetic acid
(main oxidant) is formed. The possibility of using gold nanostruc-
tured catalysts for selective oxidation of 2-methyl-1-naphthol and
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CopepxaHue

KaTanu3atopos AAA CENEKTUBHOTO OKUCheHus 2-mernn-1-wadrona u
2-meTunHadTanuHa B 2-meTun-1,4-HadToxuHoHa (99 n 58 % cooTseTc-
TBEHHO).

KnioyeBble cnoBa: 2-meTunHatranut, 2-metun-1-Hacron, 2-metun-1,4-
Ha(TOXMHOH, NEPOKCUA BOJOPOAA, CBEPXKPUTUYECKUIH AUOKCUA yrepo-
3, KaTanu3arop, 301070.

I OTEYECTBEHHbBIE KATAJIU3ATOPbBI

Xanunos U.0., Unbsacos U.P., lepacumosa A.B., lambepos A.A.,
bukmyp3un A.U., Watunos B.M.

BnusHue NnpoMOTUPOBAHUA KOBANLTOM U LUHKOM HA rMAPU-
pylowyio u onuromepusyouyio aktusHocts Pd/AL,0, kara-
nusaropa B npouecce ruapupoBanus bTK-¢ppakuum ....29

Metonamu UK-cnekTpockonuu u TepMonporpaMMupyeMoro BOCCTaHOB-
NeHUs UCCNeRoBaHO BAMAHWE NPUPOABLI U COAEpKaHUA NPOMOTOpa Ha
KaTajUTHYECKYI0 aKTMBHOCTb U CTabunbHocTs 6umetanandeckux Pd-Co/
8-AL,05 u Pd-Zn/3-Al,0; KaTanu3aTopoB B peakyuu rugpUpoBaHNs aue-
HOBbIX U BUHMNAapoMaTUyecKux yrnesogoponos B BTK-paxuuu. Mons-
Hoe cooTHoweHue Pd : Co(Zn) B npuroTosneHHbix obpasuax — 1,0 : 0,5;
1,0:1,0;1,0: 1,5, cogepkanue Pd — 0,5 mac.%. Hocutenem caymun
8-AlL,0;, moauduumpoBaHHbiit HaTpueM (0,5 Mac.%). lokasaHo, 4To npo-
MOTUPOBAHME IMHKOM U KOGANbTOM NPUBOAMUT K MCYE3HOBEHUIO KAaTUOH-
Hbix OpM nannapus, BRarofaps YeMy CHUXAETCA OMroMepusyiolas
CnocobHOCTE aKTUBHOTO KOMITOHEHTa W, KaK nogreepanny 100-4yacosble
KaTaNuMTUYeCKUe UCNBITAHUA, NOBBIWAETCA cTaBUNBHOCTL KaTanu3aTtopa.
Ucxoan w3 pe3ynsTatoB UCCREROBAKMA, ANA NPOBEAEHUA npoLecca ruf-
puposanus bTK-ppakumy B NpOMbIWAEHHLIX YCIOBUAX PEKOMEHAOBAH
Pd-Co/8-Al,03(Na) karanusatop ¢ MonbHbIM cooTHoweHueM Pd : Co =
= 1,0 : 1,0, AnA KOTOPOro OXUAAEMbI MeXpereHepaLUoHHbIA Nepuos
paborsl cocTaenaeT 16 mecslies.

KnioueBsbie cnoBa: rugpupoBaHue, nannaguessle Katanmsaropsl, 6ume-
TajNMYecKme YacTHLLbl, TPOMOTOP.

Kyratos M1.B., }Xupnos b.C., CypoBukun H0.B.

UccnepoBaHue aKTUBHOCTH NafnagueBbIx KaTaNU3aTopos
Ha OCHOBE HOBOTO HU3KO30JIbHOIO YrAEpoAHOro HoCuTens
B MOAENbHON peaKuum ReruapupoBaHnA LMKNOreKcaHa

BOECHIOM. ..o eeeeeieiiineriinieeireeteneeeenneeenns rrerererresernns 38

Uensio faHHoN paboTsl Gbin0 MCCHEROBAHME BO3MOKHOCTU NOAYYEHUSA
3thheKTUBHbBIX KATANW3aTOPOB HA OCHOBE HOBOTO YINEPOAHOTO HOCUTENS,
Nony4eHHOro M3 caXiu U HedTaHOro neka. MpuroTosaeHb 06pasybl HOCK-
Tens ¢ ucnonb3osaHuem cav mapok I 234, 1514, 11 701, 7 900. Ha ocHo-
BE NnofyYeHHbIX 06pa3L 0B, a Takke U3BECTHLIX YIIEPOAHbLIX HOCUTENeH —
akTueHoro yrnsa Al-3 u CubyHWTa, B3ATHIX ANA CPABHEHMA, NPUrOTOBNE-
Hbl nannaguicopepxalymue katanusaropsl (1 mac.% Pd). Bce obpasym
KaTaNu3aTopoB UCNbITaHbl MMNYALCHLIM METOROM B MOAENLHON peakuuu
AeruapupoBaHus LMKIOreKcaHa B TeMnepaTtypHOM uHTepeane 250-
400 °C. YcTaHoBNEHO, 4TO KaTannu3aTopsl Ha HOBOM YMEepPORHOM HocuTene 06-
napaloT 6onbilel KaTanUTUYECKOW aKTUBHOCTLIO, YEM KaTanu3atopbl Ha
ocHoBe Al-3 u CubyHuTa. JlanHbii PakT, a TaKke XapaKTepucTukiu npeg-
1laraeMoro HOCUTeNA, a UMeHHo BonbluMe 3HaueHUs yAReNnsHOR niowanu
nosepxHocTH (1o 200 M2/) u o6beMa nop (0,4-1,0 cM3/r), Beicokas Me-
XaHWyeckas npouHocTsb (A0 8 MIMa), Hu3kan 30nbHOCTL (MeHee 1 Mac.%),

2-methylnaphthalene in 2-methyl-1,4-naphthoquinone (99 and
58% respectively).

Keywords: 2-methylnaphthalene, 2-methyl-1-naphthol, 2-methyl-1,4-
naphthoquinone, hydrogen peroxide, supercritical carbon dioxide, cata-
lyst, gold.

DOMESTIC CATALYSTS

Khalilov L.F., Ijasov I.R., Gerasimova A.V., Lamberov A.A.,
Bikmurzin A.Sh., Shatilov V.M.

Effect of promotion of cobalt and zinc to a hydrogenation
and oligomerization activity of Pd/Al,0; catalyst during
BTX fraction hydrogenation ...............cc..ccccoiiiiiiinnnne. 29

Influence of the nature and content of the promoter and catalyst activ-
ity and stability of Pd-Co/8-AlL,05 u Pd-Zn/3-AL,0; bimetallic catalysts
in the hydrogenation of diene and vinylaromatic hydrocarbon to BTX frac-
tions was studied by IR spectroscopy and thermoprogrammed recovery.
The molar ratio of Pd : Co (Zn) in the prepared samples — 1,0 : 0,5;
1,0 : 1,0; 1,0 : 1,5 the content of Pd — 0,5 wt.%. The support is
8-AL,0, modified by sodium (0,5 wt.%). It is shown that promotion of
cobalt and zinc leads to the disappearance of palladium cation forms,
which reduces oligomerization capacity of the active component, and
as it was confirmed by the 100-hour catalyst test the stability of the
catalyst increases. The results showed that for the hydrogenation
process of BTX fraction in industrial conditions it is Pd-Co/8-Al,05(Na)
catalyst with a molar ratio of Pd : Co = 1,0: 1,0, for which the expected
service cycle operation is 16 months.

Keywords: hydrogenation, palladium catalysts, bimetallic particles,
promoter.

Kugatov P.V., Zhirnov B.S., Surovikin Yu.V.

Investigation of activity of palladium catalysts based on
the new low-ash carbon support in the model reaction
of cyclohexane dehydrogenation to benzene .............. 38

The aim of this study was to investigate the possibility to produce
the effective catalysts based on new carbon support obtained from
the soot and petroleum pitch . Samples of support using a soot marks
P 234, P 514 ,P 701, T 900 are prepared. The palladium contain-
ing catalysts (1 wt.% Pd) were prepared on the basis of the obtained
samples of supports, also well known carbon supports were taken for
comparison — an active carbon AH-3 and Sibunit . All catalyst samples
were tested in a model reaction of dehydrogenation of cyclohexane
in the temperature range 250-400 °C by pulse method. It is estab-
lished that catalysts on the new carbon support possess the greater
catalytic activity than the catalysts, based on AH-3 and Sibunit. This
fact, as well as characteristics of the proposed support, namely large
values f specific surface area (up to 200 m?/g) and pore volume (0,4-
1,0 cm3/g), high mechanical strength (up to 8 MPa), low ash (less than
1 wt.%) show that this support is possible to produce an effective
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Copepxaxue

CBMAETENLCTBYIOT O TOM, YTO HA €ro OCHOBE MOTYT BbiTh NonyueHst 3d-
(heKTUBHbIE HaHeCeHHbIe METANNUYECKUE KaTann3aTopsl AR Pa3NUUHbIX
npoueccos HedrenepepabarthiBatolleit, XuMU4ecKon U HedTexuMmuyec-
KON NPOMBIIAEHHOCTU.

Kniouesble cnoBa: yrnepofHsIf HocuTenb JNA KaTanu3aropos, nananague-
BbIi KaTanuaarop, HepTAHOW nek, caxa.

Notemkuu [.U., CHuiTHUKoB T1.B., CemuTyT E.IO.,
NniocHud M.E., Wy6un 10.B., CobsHuH B.A.

Bumertannuueckuit Au-Cu/Ce0, katanusartop: cuHTes,
CTPYKTYpa U KaTanuTUYECKue CBOVWCTBA B U36MpaTesibHOM
okucnetun CO

PaccMoTpeHa BO3MOXHOCTb TMPUFOTOBAEHMA BuUMeTanauyeckux
Au-Cu KaTanu3atopos pasjioXeHueM ABOWHOW KOMNAEKCHOW coau
[Au(en),],[Cu(C,0,),]5-8H,0. MokazaHo, 4T0 AaHHLIA METOA NPUrOTOB-
fIeHUA NO3BONAET CENEXTUBHO NONYYaTh HAHOYACTHLbI TBEPAOIO PacTBoO-~
pa Aug 4Cug ¢ Ha nosepxHocTh HocuTens. Coctas YacTuy cooTBeTCTBYET
CTeXNOMETPUU ABOIMHOK KoMMneKcHoit conu. CeoiicTea GuMmeTananyec-
koro Au-Cu/Ce0, katanuzaropa u MoHoMmeTanm4eckux Au/Ce0, n Cu/Ce0,
Karanu3aTopoB Gbin UCCNER0BaHL B NpoLecce U3buparensHoro okuc-
nenus CO B cmecy, copeprauweit CO, n H,0. IxcnepumenTs NposoaMAUCH
B NPOTOYHON KaranuTuyeckoid ycTaHoeke B obnactu Temneparyp 50—
250 °C B cMecu cnegytouero cocrasa, 06.%: €0 - 1; 0, - 0,6; H,0 — 10;
€0, - 20; H, - 60 u He-6anaHc; npu o6bemMHoit ckopocTu nogayu (WHSV)
276 000 cmr .yl Bumerannuueckwii Karanusarop no3soNAN OKUC-
NifiTb 3Ha4UTENbHO Bonblee koandecrso CO npu Gonbuweil cenekTUBHOCTU
8 npucytcTeumn CO, n H,0 B cMecn no cpaBHeHKIO € MOHOMETANINYECKUMU
Karanu3atopamu. N3bupatensHoe oxucaeHUe MOHOKCHAR ymMepoaa B Npu-
CYTCTBUW BOAOPOAA ABAAETCS NEPCNEKTUBHLIM METOAOM MYBOKOH ouucT-
KW BOAOPOACOAEPHKALUMX ra308biX CMecel OT MOHOKCcUAA yrepopaa. Ouu-
LWeHHbIA BOAOPOACOAEPHKAILMA ra3 MOXKET MCMONb30BATLCA MAIA NATAHUA
NOPTaTUBHBIX 3HEPTOYCTAHOBOK Ha OCHOBE HU3KOTEMNEpaTypHbIX NPOTO-
HOOOMEHHbBIX MeMOPAHHBIX TOMMMBHLIX 3NEMEHTOB, A CUHTE3a aMMUaKa
¥ ANA NPOLECCOR MTMAPUPOBAHKA B TOHKOM OPraHM4ecKoM cuHTese.

KnioueBbie cnosa: 6bumerannvyeckue katanusatopel, Au-Cu katanmsa-
TOPbI, 3010TO-MeAHbIE KaTaNN3aTopbl, ABONHbIE KOMMNEKCHLIE CONY, NPK-
roToBAEHMe KaTanusatopos, ouncrka ot CO, usbuparensHoe okucneHue
C0, nonyyeHue BoaOpOAa.

Yy6 0.B., Mokpuhckuit B.B., Pewetnukos C.U., AzbikoB H.A.,
Oybunun 10.B., Cumoros A.LL., fkoenes B.A.

KnHeTuKa oKUCNeHUA MOHOOKCUAA yraepoaa Ha NpoMbiw-
NeHHOM MeAbcoaepiKalleM Karanusartope pna Kunauero

Karanu3aropsl Ha OCHOBE OKCWUAOB NepPexofHbiX METannoB ABAAIOTCA
Hanbonee nepcneKTUBHLIMU ANs 3HEKTUBHOTO CUrAHUA TON/IUB B KK-
naweM cnoe. [loropaHue KOKCOBOTO OCTATKA ABNALTCA AWMUTUPYIOWEN
CTagued ropeHus TONNKMBA, KOTOPasA XapaKTepu3yeTCa BbijeNeHneM Mo-
Hookeupa ymepogaa (C0) u ero B3auMogedCcTBMEM C KUCAOPOAOM Ha No-
BEPXHOCTW KaTanusatopa. OnpegeneHue HabniogaeMbix KMHETUYECKUX
napaMeTpoB JaHHOTO NpOLEeCcca NO3BOAUT B JaNbHeiflem oueHuBaThb -
thekTuBHOCTL paboTel KaTanvsaTopa M ONTUMM3UPOBATE paboTy peakTopa
kunawero cnos. B pabote uccnegosana kuHeTHka okucaenusa CO Ha npo-
mbiuneHHom katanusatope LL{K3-1 (okcuaHbliA anioMoMe AHOXPOMOBSIA),
UCNONb3yEMOM B HACTOSALEE BPeMA B peaKTOPax KUNALLEro C0S NPpU CKK-
raHuu Tonnus. UccneoBanus NnpoBOgUAY B YCNOBUSX, KOTAA BHYTPEHHAS
Anddy3va He OKA3bIBAET BAUAHUA HA CKOPOCTb peakuuu. KuHetuvec-
KWe NnapaMeTpsl peaxuuu OLEeHUBaNMU Mo YpasHEHUIO NepPBOro NopaaKa

metal catalysts for various processes refining, chemical and petro-
chemical industries.

Keywords: carbon catalyst support, palladium catalyst, petroleum pitch,
carbon black.

Potemkin D.I., Snytnikov P.V., Semitut E.Yu.,
Plyusnin P.E., Shubin, Yu.V., Sobyanin V.A.

Bimetallic Au-Cu/Ce0, catalyst: synthesis, structure and
catalytic properties in selective oxidation of CO ......... 45

The ability to prepare bimetallic Au-Cu catalysts by double decom-
position of the complex [Au(en),],[Cu(C,0,),]5-8H,0 is conside-
red. It is shown that this preparation method allows to selectively
receive the nanoparticles of solid solution Aug ,Cug ¢ on the surface
of the support. The composition corresponds of the stoichiometry
of dual complex salt. Properties of bimetallic Au-Cu/Ce0, and mon-
ometallic Au/Ce0, and Cu/Ce0, catalysts were tested in the selec-
tive oxidation of CO in a mixture of CO, and H,0. Experiments were
carried out in flow catalytic unit in the temperature range 50-
250 °Cin a mixture of the following composition vol.%: (0 - 1; 0, —
0,6; H,0 - 10; CO, - 20; H, ~- 60 and He-balance, with the volume
flow rate (WHSV) 276 000 sm3.g"1-h~. The bimetallic catalyst al-
lowed to oxidize significantly greater amount of CO at a higher se-
lectivity in the presence of CO, and H,0 in a mixture over then the
monometallic catalysts. The selective oxidation of carbon monox-
ide in the presence of hydrogen is a promising method of deep
cleaning hydrogen from gaseous mixtures of carbon monoxide. The
purified hydrogen gas may be used to power portable power plants
based on low temperature proton exchange membrane fuel cell,
also for synthesis of ammonia and for hydrogenation processes in
thin organic synthesis.

Keywords: bimetallic catalysts, Au-Cu catalysts, copper - gold catalysts,
double complex salts, preparation of catalysts, removal of CO, selective
oxidation of CO, production of hydrogen.

Chub 0.V., Mokrinsky V.V., Reshetnikov S.1.,Yazikov N.A.,
Dubinin Yu.V., Simonov A.D., Yakovlev V.A.

Kinetics of oxidation of carbon monoxide on industrial
copper-containing catalyst for fluidized bed .............. 54

Catalysts based on transition metal oxides are the most promising
for the efficient combustion of fuel in a fluidized bed. Afterburn-
ing coke is a limiting stage of fuel combustion, characterized by the
release of carbon monoxide (C0) and its reacting with oxygen on the
catalyst surface. Determination of the observed kinetic parameters
of this process will further evaluate the efficiency of the catalyst,
and optimize the performance of fluidized bed reactor. The study of
the kinetics of CO oxidation on the industrial catalyst SCHKZ-1 (ox-
ide aluminum-copper-chromium), currently used in the fluidized bed
reactor when burning fuels. The studies carried out in conditions
when the internal diffusion does not affect on the reaction rate.
Kinetic parameters of the reaction were evaluated by a first order
equation for C0 and 0,; the obtained values of activation energy and
pre-exponential rate constants were respectively k, = 5,23-107 7%,
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Copepxanue

n0 CO u 0,; NONYHEHHble 3HAYEHUA SHEPriU aKTUBALMU U Npeg3KCno-
HEHTbl KOHCTaHTBI CKOPOCTM PeakLMu COCTaBUNM COOTBETCTBEHHO K, =
= 523107 ¢l £ = 32,8 fx/monb. ConoCTaBneHNe C U3BECTHBIMM
JUTEPATYPHLIMU JaHHBIMM NOKA3aN0 MX XOPOLYIO KOPPensLuio.

KnioueBble cnoBa: kKuHeTuueckue napameTpsl peakuuu, peakuyua oKuc-
nexus CO, okcupHele Katajin3artophbi.

NonotHiok 0-B.4.

K ucropumu craHosnenus B Copetckom Colose nepeoro npo-
¥3BOACTBA aHTpaxuHoHa. Yacrs 1. Pazpaborka u BHeppe-
H1e NPOMbILIAEHHOr0 NPOU3BOACTBA AHTPAXUHOHA OKUCNe-
HUeM aHTPaLeHa KUCNOPOAOM BO3AYXA B HEMOABUKHOM

€108 KATANMMUIATOPA coeovunrnnrarnnieennnaraccscencoscsssosasnsenans 59

2 nions 1965 r. 8 Coetckom Coto3e bl yCNEWHO OCYILECTBAEH AYCK
Nepsoi NPOMbIWIEHHO| YCTAHOBKM NPOU3BOACTBA KOHTAKTHOrO aHTpa-
XWHOHa OKMCNeHWeM aHTpaleHa B HENOABMIKHOM Cnoe Karanusaropa
npoussoauTensHocTbio 600 T/rof. NMpu pacxoge 113 Kr/u aHTpayeHa u
MaccoBOM COOTHOLIEHUM BO3AYX : aHTpaieH, paBHoM 60 : 1, Bbixog aH-
TpaxMHOHa NO CTafiuh KOHTaKTUpOBaHUA cocTasun 86 mon.%. B cratbe
U3N0KEHLI HEKOTOPbIE feTany NPOMLILLIEHHOTO OCBOEHUS NPOMU3BOAC-
TBA KOHTAKTHOTO AHTPAXUHOHA, @ TAKXKe Pe3ynLTaThl NABOPaTOPHLIX UC-
CflefloBaHUil, CBA3AHHbIX C Pa3paboTKOW KPYMHOTOHHAXHOID peakropa
npoussoauTenHocTeio 5000 T npoayKTa B rod. belno nokasauo, 4o npo-
MblwneHHbti katanusarop KC-14 npu Temnepatype Beilwe 370 °C meHseT
cBOW (ha30BbliA COCTAB M BaNeHTHOE COCTOSHUE BaHAZUA, B CBA3N C YEM
KMHETUKA NPOLECCa OKUCNEHUA aHTpaueHa HUXE W Bbile YNOMAHYTON
Temnepatypel pasnuuHa. llonyyeHHble KMHETUYECKUE ypaBHEHUA 6binun
ucnonb3oBaHel B UHCTUTYTe Katanusa CO AH CCCP npu mogenuposaHuy
KPYNHOTOHHAXHOTO peaxkTopa NPOU3BOACTBA AHTPAXMHOHA OKUCAEHU-
€M aHTpateHa B HENOABWXHOM cnoe karanu3satopa. C uenbio Bui6opa
Haubonee 3pdeKTUBHOrO cnocoba NPOMLIWNEHHORO MPOU3BOACTBA aH-
TpaxuHoHa Ha PMO «Kpacutenby Geinu npoBeAeHbl CPAaBHUTENbHLIE UC-
NbITAaHUA BYX NPOMBLIWNEHHLIX METOA0B NPOU3BOACTBA AHTPAXUHOHA: B
HeMoABWKHOM U KUNALLEeM CRoAX KaTanu3atopa. Buibop 6bin cgenan 8
nonib3y YCTaHOBKW C HEeNOABWXKHBIM cnoeM. Mocne pacnaga CCCP pabo-
Thl 6biNK Npekpaiiexbl, a 8 2007 r. NPOM3BOACTBO aHTpaxuHoHa (600 T
B r0) C HENOABWXHBIM CnoeM Katanusaropa Ha PTIO «Kpacutens» 6b1n0
nukeuauposaHo. B HacToswee Bpema B ctpanax CHI Het npoussogcTea
2HTPaxXUHOHA KOHTAKTHbLIM MeTOAOM. O NPOU3BOACTBE AHTPAXMHOHA B KU-
nAalLeM Coe Katanusatopa ByfeT pacckazaHo BO BTOPOIA YacTH CTaTbu.

KnioueBble cnoBa: aHTpayeH, aHTPaxuHOH, Karanu3aTop, peaxkTop, pac-
XOQHas HOPMa aHTPaxXMHOHA, PA30BLIM COCTAB KAaTaNW3atopa, KUHETUKA
npouecca, MoIENUPOBAHUE XMMUYECKOTO peakTopa. -
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MipumeneHue TexHONOrMU «DBIOKHY RNA CO3AaHUA BbICO-
Ko3peKTUBHBIX 6UOKATaNN3aTOPOB HA OCHOBE peKoMbHU-
HaHTHbIX WTaMMoB rpuba Penicillium verruculosum ans
KOHBEPCHU Lennlono3ocoaepalleit 6uomaccsl .......... 65

fuaponus uennno3ocoAepHatel Guomaccet nog AeicTeuem Buokatanu-
3aropos (thepmeHTHbIX Npenaparos, ®MN) — ognH U3 cambIX NEPCNEKTUBHBIX
¥ 3KONOTWUYECKU YUCTLIX METOJOB MOJIyYeHUA PRAA NONE3HBIX MPO/YKTOB.

E = 32,8 kJ/mol. A comparison with published data showed their
good correlation .

Key words: kinetic parameters of reaction, CO oxidation reaction, oxide
catalysts.

Polotnyuk 0-V.Ya.

To the history of the formation in Soviet Union, the first
production of anthragquinone. Part 1. Development and
introduction of anthraquinone manufacturing by oxida-
tion of anthracene by oxygen of air in a fixed catalyst
Ded ... e 59

Operation start of the first commercial plant production of contact an-
thraquinone by oxidation of anthracene in a fixed catalyst bed capac-
ity 600 tonnes/year have been successfully implemented in the Soviet
Union 2 July 1965. Yield of anthraquinone from contacting step was up
to 86 mol.%, feed rate 113 kg/h and a weight ratio of air : anthracene
equal 60 : 1. Details of industrial development of contact anthraqui-
none production, as well as the results of laboratory studies related to
the development of large-capacity reactor output 5,000 t per year are
set out in the article. It has been shown that the industrial catalyst KC-
14 at a temperature more then 370 °C changes its phase composition
and vanadium valence state, and therefore the kinetics of the oxidation
of anthracene above and below that temperature varies. The resulting
kinetic equations were used in the Boreskov Institute of Catalysis, Si-
berian Branch of the USSR in the simulation of large-capacity reactor
production of anthraquinone by oxidation of anthracene in a fixed bed
catalyst. Comparative tests of both methods of industrial production of
anthraquinone: stationary and fluidized catalyst beds were conducted
in order to select the most effective method for industrial production
of anthraquinone at RPO «Krasitel». The choice was made in favor of
a fixed bed unit. After the collapse of the Soviet Union all works were
stopted , and in 2007 the production of anthraguinone (600 tonnes )
with a fixed bed catalyst RPO «Krasitel» was eliminated. Currently, in
(IS there is no production of anthraquinone by contact method. About
the production of anthraquinone in a fluidized bed of catalyst will be
discussed in the second part of the article.

Keywords: anthracene, anthraquinone, catalyst reactor, the expendi-
ture rate of anthraquinone, phase composition of catalyst , kinetics of
process, simulation of chemical reactor
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Application of technology «fusion» to create a highly
efficient biocatalysts based on recombinant strains of
the fungus Penicillium verruculosum for the conversion
of cellulose biomass .............ceovveureeereemieciccirncieennn. 65

Hydrolysis of cellulose biomass under the action of biocatalysts (en-
zyme preparations) is one of the most advanced and environmentally
friendly methods of obtaining a number of useful products. In this pa-
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Copnepxkanue

B panHoit pabote McnoNb30BaH NPUHLMAKANBHO HOBLIA NOAXOSL K CO3a-
HUIo peKombuHaHTHLIX PIT ¢ 3afaHHBLIMKU CBOMCTBAMY, 3aKNIONAIDWMIACA B
npuMeHeHun bIOKH-KOHCTPYKUMKM N8 KIOHUPOBAHUA TeHOB UenesbiX
depmeHToB. Ha ocHose wrtamma rpubda Penicillium verruculosum npu uc-
NONL30BaHNU (HBIOXKH-KOHCTPYKUMM co3faH pag PN ¢ pasnuunbiMm ceofic-
TBaMu, NpeACTaBNAOLUMY UHTEPEC, B NEPBYIO OYEPERb, KaK Ao6aBku Ana
YBENUUYEHUA TUIPONUTUUECKOA cnocoBHocTU 6a3oBoro UennononuTyec-
Koro Komnnekca P.verruculosum, CoBMeCTHOE NCcnoNb3oBaHue HoBbiX BT
6asosoro OM P.verruculosum no3sonuno ysenuyuTs ero buokaranutudec-
Kyt (FuaponuTMYecKyio) 3deKTUBHOCTL NO OTHOLIEHUIO K PACTUTENBHO-
My LeANIoN030CcoaepKaLlemy cupsio. Mpu gobasnenuy 20 % Hoeoro O
K 6azosomy Ges u3meHeHus cymMapHoit go3nposku @ 8 peakuynoHHol
cMecy pocT 3GhEKTUBHOCTY TMEPOAN3 LENION030CoAePHaLLMnX cybeTpa-
T08 (M3MENBYEHHON DCUHOBOW APEBECUHSI U W3MeNbYeHHOH 0BeccMonen-
HOI COCHOBOI ApeBecHHbt) cocTaBnseT Ao 70 %.

Kniouesble cnoBa: Penicllium verruculosum, ¢bIOXH-KOHCTPYKUMS,
depMeHTHbIA Npenapar, uennonaskit Komnnekc, Guokaranusarop, 6uo-
KOHBEPCHS UENNON03bL.

Cennwesa C.A., lebepes M.10., Pewetnukos C.U.,
Tpycos JI.W., fikoenes B.A.

KuHeTuka npoyecca ruppoo6naropaxKmBaHus Tpurnmye-
PUA0B HUPHBIX KUCJIOT PaNCOBOr0 Macna B MATKNX YCNO-

KuHeTuka npouecca rugpoobnaropaxneanua TpUMUUEPUAOB HUPHBIX
KUCNOT pancoBoro Macna uccnejoeaHa B o6nactu Temneparyp 300-
380 °C npu BpeMmeHax koHTakTa 0,38-0,10 4 u paeneHuu BopOpoOAa
1,0 MMa B peakTope NPOTOYHOro TUNA C HEMOABUXHLIM CNOEM KaTa-
JIW3aTOpa C yesblo YCTAHOBNEHUA OCHOBHbLIX 3aKOHOMepHOCTe#d npo-
yecca. Mpoyecc ocywWeCcTBAANM HA HecynbhUANPOBAHHLIX HUKENEBbIX
Karanu3atopax, NpeAcTaBAROWNX GOnbUWIOH NpakTUMECKMit uHTepec
AAA NonyueHus 3eneHoro Ausens. KuHeTuueckas cxema npouecca ¢
YYETOM UeneBbiX (aNKaHOB) M BCex NOBOUHBIX KUCHOPOACOAEpPKAWUX
npoayKToB npeancxeHa. KonuuectBeHHas OuEHKa OCHOBHLIX Mapli-
pyToB rugpoobnaropaxusanua TNKK pancosoro Macna nony4ena, 4to
NI03BONALT NPOTrHO3NPOBATL COCTAB NPOAYKTOB W ANS APYIrUX YCI0BUH
npoBefeHus npoyecca.

Knioyessie cnoBa: 6noronnueo, ruapoobGraropaXuvBaHue, ruapokpe-
KUHT, TPUTIMLEPUAbI HUPHLIX KWUCIOT, MUKPOBOAOPOCAM, Pancosoe
Macno.

per, a new approach is used to create a recombinant enzyme prepara-
tions with the desired properties by using fusion-constructs for gene
cloning of target enzymes. A number of enzyme preparations is based
on the strain of the fungus Penicillium verruculosum using fusion-
construct. The properties of these enzyme preparations are interest pri-
marily as an additive to increase the capacity of the base hydrolytic cel-
lulolytic complex P.verruculosum. Sharing new enzyme preparations and
basic P.verruculosum allowed to increase its biocatalytic (hydrolytic)
efficiency for the vegetable cellulose feed materials. By adding 20 %
of the new enzyme preparation to the base without altering the total
dosage of enzyme preparations in a reaction mixture the increasing of
efficiency of hydrolysis of cellulose substrates (ground aspen wood and
shredded pine wood deresined ) up to 70 %.

Keywords: Penicillium verruculosum, fusion-construct, enzyme, cellu-
lase complex, biocatalyst, bioconversion of cellulose.

Selishcheva S.A., Lebedev M.Yu., Reshetnikov S.1.,
Trusov L.I., Yakovlev V.A.

Kinetics of hydroforming of triglycerides of fatty acids
of rapeseed oil under mild conditions

Kinetics of hydroforming of fatty acid triglyceride of rapeseed oil was
investigated in the temperature range 300-380 °C with contact times
0,38-0,10 h and hydrogen pressure 1,0 MPa in the flow reactor with a
fixed catalyst bed in order to establish the basic patterns of the pro-
cess. The process was carried out on unsulfided nickel catalysts, which
have a great practical interest to produce green diesel. Kinetic scheme
of the process considering the target (alkanes) and all byproducts oxy-
gen-containing products is offered. Quantitative assessment of the
main routes hydroforming TGZHK rapeseed oil is obtained, which allows
to predict the composition of the products and other process condi-
tions.

Keywords: biofuels, hydrotreating, hydrocracking, and triglycerides of
fatty acids, microalgae, rapeseed oil.
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