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HoBbii razocasHbidi MeTo4 NPOU3BOACTBA MYPaBbUHOU
KUCNOoTbl. UCNbITAaHUA HA NUJIOTHOM YCTAHOBKE ............ 16

B npoMblwneHHOM MacwTabe MypaBbMHaa KUCNOTa NPOM3BOAUTCA U3
MeTundopMUaTA MHOrOCTaAUUHBIMU UAKODA3HBIMKU CNOCOBAMK, XapaK-
TEPU3YIOWUMUCA BONLIION KANWUTANOEMKOCTbIO U BbICOKUMU 3aTpatamu
3Hepruu. B UHcTUTyTe Katanu3a pazpaboTaH razodasHbid METOA CUHTE-
33 MyPaBbUHOM KUCNOTLI KAaTaNUTUYECKUM OKUCNeHeM dopManbaeruaa
Kucnopofom Bo3fdyxa. Co3aaHa nunoTHas yCTaHOBKA NPOU3BOAUTENb-
HOCTbIO 10 3 Kr/4 MypaBbUHOW KUCIIOTHI; €e CxeMa U KOHCTPYKUMU an-
NapaTtoB MOJHOCTLIO BOCNPOM3BOAAT OYAYUNA NPOMbIWEHHBIA NPOLecc.
OH BK/IIOYAET iBE KaTanuTUYeCKue CTaAumn: OKUCIeHne MeTaHona B dop-
ManbAerug v okucneHue dopManbieruaa B MypasbuHylo KucnoTty. Me-
TaHO/ OKUCNAETCA HA KOMMEPYECKOM OKCUAHOM Xene3o-MonubaeHoBOM
KaTanusartope B TPaguLMOHHBIX ycnosuax. Okucnenve dopMansiervaa
B KUCNOTY NPOBOAMTCA HA OKCULHOM BaHaAWW-TUTAHOBOM KaTanau3aro-
pe npu Temnepatypax 120-140 °C. B cBA3K ¢ y30CTbi0 TeMNepaTypHOro
MHTepBana Ha BTOPOW CTaguW UCNONb3YIOTCA [ABYXPEaKTOPHAs cxeMa u
yacTuyHoe pasbasneHue cN10s MHePTHOW HACAiKON B NEPBOM U3 ABYX pe-
akTopos. McnbiTanua npoBeieHbl Npy KOHUEHTPALUK METAHONA B UCXO[ -
HOit cMeck 6—7 06.% W Bapuauuu TeMNepaTypsl B peakTopax OKUCAeHUSA
dopManbierna. B onTUManbHbIX peXxuMax BbIXof KMCAOTL cOCTaBAAeT
87-88 % B pacyeTe Ha npeBpaleHHbIl Bopmanbierng v 79-81 % - Ha
npeBpalleHHbli MeTaHoN. 3TO JOCTUraeTca Npu NONHOM NpeBpaleHnn
MEeTaHona M KoHeepcusx dopmaneaerupa 96,5-98,5 %. TexHonorus
VOOBNETBOPAET TPEBOBAHUAM «3eNeHON» XUMUU.

KnioueBble cnoBa: okucneHue, d)opManbp,ermu, MypaBbWUHAA KUCNOTaQ,
BaHagUH-TUTAHOBbIM Karain3aTop, NUJ10THAA YCTAHOBKaA.

WumaHckas E.W., Noaypa B.1H)., Cynbman 3.M.

CuuTes 2-metun-1,4-vadtoxuHona (Buramud K3) c npu-
MeHeHWeM HaHOCTPYKTYPMPOBAHHbIX 30/10TOCO/E PIALLMX
KaTaJu3aTopoB B YKCYCHOM KUCNOTE U B CBePXKpUTUYEC-
KOM AIMOKCUJe yrnepoaa

WUccneposaHo nonyyeHue 2-metun-1,4-HadToxuHoHa (BuTamuHa K3)
OKUCNeHWeM 2-meTunHatbTanuHa u 2-metun-1-Hadrona ¢ npuMeHeHu-
€M HaHOCTPYKTYPUPOBAHHBIX 3010ThIX KaTaau3aTOPOB, HAHECEHHbIX Ha
ceepxcwuthlii nonuctupon (5 % Au/CNC). U3yueHo BausHUe Temnepa-
TYpb! HA NPOLIECC OKUCAEHUSA; NPeANPUHATA NONbITKA 3aMeHb! CTaHAAPTHO-
ro pacTBOpUTENA — YKCYCHOM KMCNOTBI HA 3KONOTUYECKU YUCTLIA CBEPX-
KPUTHYECKUIA IMOKCHA Yrneposia. YCTaHOBAEHO, YTO NPU UCNONL30BAH MUK
ceepxkpuTuyeckoro (0, coxpaHseTca Bhicokasa (6nuskas k 100 %)
CeNeKTUBHOCTb OKMCNEHUA 2-MeTun-1-HadTona B LeNeBOW NPOAYKT,
npu 3TOM KOHBepcus ysenuuusaeTca Ha 10-15 %. [Ipu oxkucneHuu
2-meTunHadhTaNMHa UcNonb3oBaHUe cBepxKkpUTU4eckoro CO, NpUBOAKT K
Pe3KOMY CHUMXEHWIO KOHBEPCUMU U CENEKTUBHOCTH NO LeneBoMy NPOLYKTY,
obycnoBneHHOMy TeM, YTo B 3TUX YCJIOBUAX He 0bpasyercs HagyKcycHas
KMCNOTa, ABNAIOWAACSA OCHOBHLIM OKUC/IMTENEM B AaHHOM npouecce. MNo-
Ka3aHa BO3MOXHOCTb UCNONb30BAHUA HAHOCTPYKTYPUPOBAHHBIX 30J10TbIX
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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.1.,
Parmon V.N.

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

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
tegperatures 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 methanolin 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

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 supercritital carbon dioxide. It is found that
the use of supercritical CO, 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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KaTanu3aTopoB [NA CENeKTUBHOTO OKUCNEHWA 2-meTun-1-Hadrona u
2-MeTunHadTanuHa 8 2-Metun-1,4-HadToxunona (99 u 58 % cooteeTc-
TBEHHO).

KnioueBble cnosa: 2-metunHadTanuu, 2-metun-1-nacron, 2-metun-1,4-
HahTOXMHOH, NEePOKCUSA BOJOPOA], CBEPXKPUTUYECKUIH [UOKCUA yInepo-
A3, Katanu3saTtop, 3010T0.

I OTEYECTBEHHbIE KATAJIU3ATOPbI

Xanunos W.®., Unbscos W.P., lepacumosa A.B., lambepos A.A.,
bukmyp3aun A.LL., Watunos B.M.

BnusHMe npoMOTUPOBAHUA KOGANLTOM U LUHKOM Ha TUADPM-
pyloLLyio M onuromepusyiouyto aktuBHoctb Pd/AL,0; Kata-
nu3aropa B npouecce rugpuposaHua bTK-¢ppaxkuuu ....29

Metopamu WK-cnekTpockonuu u TepMonporpaMMupyeMoro BOCCTaHOB-
NeHust UCCNEQOBAHO BAWAHME NPUPOAbI U COAEPHAHWUA NPOMOTOpa Ha
KaTaNUTUYECKYI0 aKTUBHOCTb U CTabunbHocTb 6umetannndeckux Pd-Co/
-AL,05 u Pd-Zn/8-Al,0; kaTanu3aTopos B peakuuu rugpuUpoBaHns aue-
HOBbIX M BUHUNApoMaTuueckux yrnesofopofos 8 bTK-dbpakunu. Mons-
Hoe cooTHoweHue Pd : Co{Zn) B npuroToBneHHsx obpasuax — 1,0 : 0,5;
1,0:1,0; 1,0 : 1,5, copepwanune Pd - 0,5 mac.%. Hocutenem caywun
8-Al,05, mognbuuMpoBaHHbIil HaTpuem (0,5 mac.%). MokaszaHo, 4To npo-
MOTUPOBAHUE LIMHKOM M KOBANLTOM NPUBOAMT K MCYE3HOBEHUIO KATMOH-
Hbix hopm nannagus, 6narofapa YeMy CHUXKAETCA ONUroMepusyiollas
CNOco6HOCTL aKTUBHOMO KOMNOHEHTA U, Kak nogTsepanan 100-yacosbie
KaTafMTUMECKWE UCNBLITAHKA, NOBLIWAGTCA CTaBUALHOCTL KaTanusatopa.
Ucxons M3 pe3ynbTatos UCCNeoBaHUA, ANs NPOBEAEHHUA npouecca rug-
pupoBaHus BTK-dpakunu B NpoMbiWNeHHbIX YCAOBUAX pEKOMeHAOBaH
Pd-Co/8-Al,0;(Na) karanu3arop ¢ MonbHbIM cooTHoweHueMm Pd : Co =
=10 : 1,0, A7 KOTOPOro OXUAAEMbIA MeXpereHepalMOHKbIA Nepuog
paboThl cocTagnser 16 Mecaues.

KnioueBnie cnosa: rugpupoBaHue, nannaguesbie Kataauiaropsl, Bume-
TaNIMHECKUE YACTULbI, NPOMOTOP.

Kyratos I1.B., upHos b.C., CypoBukuH 10.B.

UccnepoBaHUe aKTUBHOCTU NANNagUeBbIX KaTaM3aTOPOB
Ha OCHOBE HOBOr0 HU3KO30JILHOTO YrNEepPOAHOro HOCUTENA
B MO[LeNbHOW peaKunu AermapupoBaHUA LMKNOreKcaHa

BOGHIOM. ...ttt 38

Llenbio gaHHO# paGoTbl 6bIN0 UCCNEAOBAHUE BO3MOXHOCTU MONYyYEHUA
3QdeKTUBHBIX KAaTaNM3aTOPOB HA OCHOBE HOBOTO YINEPOAHOTO HOCUTENS,
NOAYYEHHOTO U3 Caxu M HedTaHOro neka. MpuroToBneHs 06pasubt HOCU-
TENA C UCNONb30BaKKUeM caxu Mapok [1234, 11514, 701, T 900. Ha ocHo-
Be NONYYEHHbIX 0B Pa3L0B, @ TAKXKe U3BECTHLIX YINEePOAHbIX HOCUTENeR —
aktueHoro yrna AT-3 n CnbynnTa, B3ATLIX ANA CPaBHEHWA, NPUTOTOBNE-
Hbl Nannaguitcofepxauime katanusatops! (1 mac.% Pd). Bce obpasuysi
KaTanu3artopos UCNbITAHbI UMNYILCHBIM METOAOM B MOAENBLHON peaKkuuu
AETUNPUPOBAHMA UMKNOreKCaHa B TeMnepatypHOM WHTepsane 250-
400 °C. YCTaHOB/IEHO, YTO KAaTaNWU3aToOPbI HA HOBOM YMEpPoAHOM HocuTene 06-
nanaor Bosbluel KaTanuTMYeCKOH aKTUBHOCTBIO, YeM KaTanu3aTopbl Ha
ocHose Al-3 u CubyHuta. lanHbin hakT, @ TaKKe XapaKTepUCTUKK npea-
NaraeMoro HOCUTENs, @ UMEHHO BONbILIME 3HAYEHUS YAETBHOM NNOWAAM
noBepxHocTH {10 200 M2/r) 1 o6beMa nop (0,4—1,0 cu3/r), Bbicokas Me-
XaHWYecKas npoyHocTb (fo 8 MMa), Huskas 3onbHOCTL (MeRee 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 I.F., Iljasov 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 .........ccccoocoeiiiiiiiiiniinennne. 29

Influence of the nature and content of the promoter and catalyst activ-
ity and stability of Pd-Co/8-Al,05 u Pd-Zn/8-Al,053 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/5-Al,03(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., Zhirmov 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 cm?/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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CBMAETENLCTBYIOT O TOM, YTO HA €ro 0CHOBE MOTYT ObIThb NonyyYeHs 3d-
(heKTUBHbIE HaHeCeHHble MeTaNNMYeCKUe KaTann3aTopbl ANA Pa3fiMuHbIX
npoueccos HedTenepepabaTbiBatollei, XMMUYECKOW U HedTexumuuec-
KOW NMPOMbILUTEHHOCTH.

KnioueBbie cnoBa: yrmepogHbsId HOCUTeNb ANA KaTann3aTopos, nannague-
BbIi Karanu3atop, HeTAHOM! NekK, caxa.

Notemkun O.W., CHbiTHukos [1.B., CemutyT E.1O.,
MnwocHuH MN.E., Wy6buH K.B., CobaHuH B.A.

Bumertannuueckmnit Au-Cu/Ce0, Katanu3atop: CUHTE3,
CTPYKTYPa U KaTaMTUYECKHe CBOMCTBA B U3bupaTtesnbHOM
okucnenun CO

PaccmoTpeHa BO3MOMHOCTb NpUrOTOBNEHUA GUMeTanNIUYecKux
Au-Cu KaTanw3aTopoB Pa3NOXEHWEM ABOWHOW KOMNNEKCHOW conu
[Au(en),],[Cu(C,0,),]3-8H,0. MokasaHo, 4TO HaHHbIA MeTO[ NPUTOTOB-
NleHUs No3BONSET CENEKTUBHO NOYYaTh HAHOYACTML LI TBEPLOIO PacTBO-
pa Aug,Cugg Ha nosepxHocTH HocuTena. CoCTas YacTul COOTBETCTBYET
CTEXMOMETPUM [BOMHOM KOMNNeKcHo# conu. CeoicTBa BuMeTanuyec-
koro Au-Cu/Ce0, katanusaropa u MoHoMeTannudeckux Au/CeQ, v Cu/Ce0,
Katanusatopos OblnK UccnefoBaHbl B npouecce U3buparensHOro oKMc-
nenus CO B cMeck, copepxaweit CO, u H,0. 3kcnepumenTsl NpoBOLUANCH
B NPOTOYHOM KaTaNuTMUecKOW yCTaHoBKe B 061acTu Temneparyp 50—
250 °C B cMecu cnepytoulero coctasa, 06.%: C0 - 1; 0, - 0,6; H,0 - 10;
€0, - 20; H, - 60 v He-b6anakc; npu obbemHoi ckopocTu noauu (WHSV)
276 000 ¢ r lyl, BumeTanAvueckuit KaTanu3laTop noO3BOARA OKWC-
NIATL 3HauuTeNbHO 6onbwee konuyecTso CO npu 6onblued CeneKTUBHOCTH
8 npucyrcreun CO, n H,0 B cMecy no cpaBHEHMIO C MOHOMETANIUYECKMMU
katanusaropamu. M3buparenbHoe oKUCEHUe MOHOKCUAA YIepoAaa B Npu-
CYTCTBMM BOAOPO/A ABNAETCA NEPCNEKTUBHLIM METO/IOM [yOOKON O4MCT-
KW BOJOPOACOAEPKALMX ra30BbIX CMeced OT MOHOKcUaa yrmepopa. Ouu-
WeHHbIA BONOPOACOAEPKAWMA a3 MOMNET MCNONB3OBATLCA ANA NUTAHUA
NOPTaTUBHbIX IHEPrOYCTAHOBOK HAa OCHOBE HM3KOTEMNepaTypHbIX NPOTO-
HOOOMEHHbIX MEMOPaHHbIX TOMMBHBIX 3/IEMEHTOB, AJ1A CMHTE3a aMMMakKa
¥ ANA NPOLECCOB rMAPUPOBAHUA B TOHKOM OPraHUYECKOM CHHTe3e.

KnioueBble cnosa: GumeTtannuyeckue Karanusatopsl, Au-Cu Katanusa-
TOPbI, 30J10TO-ME[Hble KaTann3aTopbl, ABONHLIE KOMNEKCHbIE CONMK, NPK-
roTOBNEHUE KaTannu3aTopos, o4ucTKa ot CO, n3bupatenbHoe OKUCNeHHe
€0, nonyyerve Bopopopa.

Uy6 0.B., MokpuHckuia B.B., PewertHukos C.U., fsbikos H.A.,
By6unun 10.8., Cumonos A 1., ikosnes B.A.

KuHeTuKa oKMCneHMA MOHOOKCUAA yrnepoAa Ha NpoMbIt-
NIEHHOM MefbcofepalleM KaTanu3aTope AN KMNALLero
(o1 o7 IR U 54

Katanu3aropbl Ha OCHOBE OKCMAOB NEpexcfiHbiX MeTanioB ABNAKTCA
Haubonee NepcnekTUBHbLIMU ANA 3(PdEKTUBHOTO CHUFAHWUA TONIUB B KU-
naueM cnoe. floropaHue KOKCOBOTO OCTaTKa ABMAETCA NIUMUTUDYIOULEH
CTafue ropeHuA ToNaMBa, KOTOPaA XapaKTepU3YeTCA BbleNeHneM Mo-
Hookcupa yrmepoga (CO) u ero B3auMofedCcTBUEM C KUCIOPOAOM Ha No-
BepxHOCTH Katanusatopa. Onpegenenve HabnwpaeMbix KUHETUYECKUX
NapaMeTpoBs JaHHOT0 NPOUECCa NO3IBOAUT B lafibHeiiiem oueHuBath -
theKTUBHOCTL PaboThI KaTanu3aTopa ¥ ONTUMM3NPOBATL paboTy peakTopa
kunsawero cnos. B pabote uccnegosana kuHetura okncnenunsa CO Ha npo-
MbltwneHHOM Katanu3artope LK3-1 (oKCHAHBIA antoMOMegHOXPOMOBBII),
MCNONb3YEMOM B HACTOALLee BPEMA B PEAKTOPAX KUNALLETO CNOA NPU CHU-
raiuu Tonnus. MccnefoBaHnA NpoOBOANUAY B YCNOBHUAX, KOTAA BHYTPEHHASR
Audby3ns He OKa3blBaeT BAWMAHMA Ha CKOPOCTb peakuuu. KnHeTuyec-
Kue napaMmeTpbl peakuuu OLUEHUBANW NO YPABHEHMIO 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,),]3-8H,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/CeQ, 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, -
0g; H,0 — 10; CO, — 20; H, — 60 and He-balance, with the volume
flow rate (WHSV) 276 000 sm3-g"*-h~%. The bimetallic catalyst al-
lowed to oxidize significantly greater amount of €O 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 C0, production of hydrogen.

Chub 0.V., Mokrinsky V.V., Reshetnikov S.I.,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 evdluate the efficiency of the catalyst,
and optimize the performance of fluidized bed reactor. The stugy 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 CO and 0,; the obtained values of activation energy and
pre-exponential rate constants were respectively k, = 5,23-107 57,




no CO u 0,; nonydeHHble 3Ha4YeHNA 3HEPTUM AKTUBALUM W NPEAIKCNO-
HEHTHl KOHCTaHTLl CKOPOCTU peaKuiu COCTaBMAN COOTBETCTBEHHO K, =
= 5,23-107 c‘l, £ = 32,8 k[iw/monb. ConocTaBneHue € M3BECTHLIMMU
NMTEPATYPHBIMU JAHHBIMU MOKA33/0 MX XOPOLILYIO KOpPenaumio.

KnioueBble cnoBa: KMHETUYECKME NapaMeTpbl peakuuu, peakunus OKuC-
nexus CO, oKCcUAHBIE KATanKu3aTopsl.

MonotHiok 0-B.A.

K ucropuu cranoeneHus B Coeetckom Cotoze nepBoro npo-
W3BOACTBA aHTPaxMHOHA. YacTb 1. Pa3paboTka u BHeppe-
HWe NPOMbILWAEHHOr0 NPOU3BOACTBA AaHTPAXUHOHA OKUCNe-
HHEM aHTpaLUeHa KUCNIOPOAOM BO3JYXa B HENOABUKHOM

CNOE KATAMM3ATOPA «eeeinnennineenrnrnaenaeneaaeeaenerareareasnnees 59

2 wions 1965 r. 8 Coetckom Coto3e Bbin ycnewrHo ocyuecTsneH nyck
nepBoi NPOMbIWAEHHON YCTAHOBKM NPOM3BOACTBA KOHTAKTHOTO aHTpa-
XMHOH3 OKUCNEeHWEM aHTpalueHa B HEenofBMXHOM CNoe Kataausaropa
npoussoauTensHoCTbio 600 T/roa. MNMpu pacxoge 113 Kr/u aHTpaueHa u
MaccoBOM COOTHOLIEHUW BO3AyX : aHTpaleH, paBHoM 60 : 1, BbIxod aH-
TPaxvHOHA N0 CTAfMMU KOHTAKTUPOBaHUA cocTaBun 86 mon.%. B crarbe
U3NI0XeHbl HEKOTOpPblE AeTany NPOMbIWAEHHOTO OCBOEHWs NPOU3BOAC-
TBa KOHTAKTHOTO aHTPaXWUHOHA, @ TaKXKe pesynbTaThl NabopaTopHLIX UC-
CnefoBaHMi, CBA3aHHBIX C pa3paboTKO# KPYNHOTOHHAXHOTO peakTopa
nponssoamuTensHocTbio 5000 T npoaykTa B rod. buino nokasaxo, yto npo-
MbilieHHbIA kaTanu3atop KC-14 npu Temnepatype Bbiwe 370 °C menser
€8O (a3oBbIi COCTAB U BaneHTHOE COCTOAHUE BAHAfUA, B CBA3M C YeM
KMHeTUKa NpoLUecca OKUCNEHUA aHTpalueHa HUXe U Bbllie YNOMAHYTON
TeMnepatypbl pasnuuHa. MonyuyeHHble KUHETUYECKUE YpaBHEHUS Hbinu
ucnons3osaHbl B MHcTutyTe Karanusa (O AH CCCP npu mogennposatum
KPYNHOTOHHAXXHOTO peakTopa NPOM3BOACTBA aHTPAXUHOHA OKUCHIEHM-
eM aHTpalleHa B HEMOABWKHOM cnoe kaTanusaropa. C uenbwo Bhibopa
Haubonee 3dhtbekTMBHOrO cnocoba NPOMBIWAEHHOTO NPOM3BOACTBA aH-
TpaxunoHa Ha PMO «Kpacutent» 6binn npoBefeHbl CpaBHUTENbHbIE UC-
MbITAHUA ABYX NPOMBbIWAEHHbIX METOA0B NPOM3BOACTBA aHTPAXUHOHA: B
HENOABMIKHOM U KUNALLeM Cnosx kaTanusatopa. Beibop 6bin caena B
nosib3y YCTAHOBKK C HENOABUXHbLIM cnoeM. ocne pacnaga CCCP pa6o-
ol BbiAK Npekpalensl, a 8 2007 r. NpoM3BOACTBO aHTpaxuHoHa (600 T
B T04) C HENOABMXHbLIM CNoem KaTanusatopa Ha PI0 «Kpacutenb» 6bino
nMKBMAMPOBaHO. B HacToslee Bpems B cTpaHax CHI HeT npoussoacTea
aHTPaXxMHOHA KOHTAKTHbIM MeToAoM. O NpoU3BOACTBE aHTPAXUHOHA B KU-
nAlWeM cnoe katanusatopa byneT pacckasaHo BO BTOPOM HACTH CTaTbU.

Kniouessie cnoea: aHTpaueH, aHTpPaXWHOH, KaTanu3aTop, peakTop, pac-
X0fHaAa HOpMa aHTpaxWHOHa, dJaBOBbIﬁ COCTaB Karanuiaropa, KUHeTUKa
npoyecca, MOAEIMpOBAHWUE XUMUYECKOTO peaKTopa.
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MpumeHeHne TexHoNOrMK «OBIOKH» ANA CO3/laHUA BbICO-
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HaHTHbIX WTaMMOB rpuba Penicillium verruculosum pns
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[Maponus uennno30cofepKaiLei GuoMaccsl N AeicTBUEM BUOKaTANK-
3atopos (hepmeHTHbIX Npenapatos, ®[1) — OAMH U3 CaMbiX NEPCNEKTUBHbIX
Y 3KONOTUYECKN YMCTbIX METOJOB NONYYEHUs PAAA NONE3HbIX NPOAYKTOB.

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

Key words: kinetic parameters of reaction, CO oxidation reaction, oxide
catalysts.
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To the history of the formation in Soviet Union, the first
production of anthraquinone. Part 1. Development and
introduction of anthraquinone manufacturing by oxida-
tion of anthracene by oxygen of air in a fixed catalyst
bed ... 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-
144t 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 anthraguinone 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 anthraquinone (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, anthraguinone, 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
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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-




B naHHoit paboTte MCNonb30BaH NPUHLMNHWANLHO HOBBIA NOAXOA K CO3Aa-
HUIO peKOMBUHaHTHbIX ®T1 ¢ 33aaHHbIMU CBOMCTBAMM, 3aKloYalOLMiACS B
npuMeHeHUU bIOKH-KOHCTPYKLUWMU ANS KIOHMPOBAHUA TEHOB LieneBbix
tepmerToB. Ha ocHose wramma rpuba Penicillium verruculosum npu uc-
NoAb30BAHMM MBIOKH-KOHCTPYKIUY co3aan paa D ¢ pa3nuyHbIMK CBOWC-
TBaMW, NPeICTaBNAOLUMU UHTEPEC, B NepBYI0 0Yepenb, Kak fobaBku ansa
yBenu4eHUa ruaponuTHiecKon cnocobHOCTU 6a30BOTO LENNONOAUTUYEC-
Koro komnnekca P.verruculosum. CoBMecTHOe UCNoNb30BaHMe HOBbIX Pl ¢
6aszosoro ®1 P.verruculosum no3Bonnn0 YBENUYUTL €T0 BUOKATaNUTUYEC-
Kyio (ruaponuTuyeckyto) 3tdeKTUBHOCTL MO OTHOLIEHHIO K PACTUTENbHO-
My Lienfniono3socodepxatiemy colpbio. Mpu gobasnenunn 20 % Hosoro O
K 6a3080My 6e3 UIMEHEHWUA CYMMApHOW no3vposku O B peaklUoHHON
cMecu pocT 3dDeKTUBHOCTH rMAPONK3a LENNoN030Co/e piaLyux cybeTpa-
TOB (U3MesbYeHHOM OCHHOBOW APEBECHHBI U U3MENbYeHHOW 06ecCMoneH-
HOW COCHOBOW ApeBecHHbl) cocTasnseT o 70 %.

KnioueBble cnoBa: Penicillium verruculosum, GbIOWH-KOHCTPYKUUA,
thepMeHTHbIA Npenapar, uennionasHelit KOoMnNekc, 6uokatanusarop, 6uo-
KOHBEPCHA LeNNoNo3sl.
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KuHeTuka npouecca ruppoobnaropausaHua Tpurnuye-
PVAOB XUPHBIX KACNOT PancoBOro Macna B MATKUX ycno-

KuHernka npouecca rugpoobnaropamuBsanHis TPUIULEPUIOB KUPHBIX
KUCNOT pancoBoro Macna uccneposaHa B obnactu Temneparyp 300-
380 °C npu BpeMeHax koHTakta 0,38-0,10 4 4 pgasneHuu BogOpOAa
1,0 MMNa B peakTope NpOTOYHOTO TUNA C HENOJBUXHbLIM CNOEM KaTa-
M3atopa C Lenblo YCTAHOBNEHUA OCHOBHbLIX 3aKOHOMEpHOCTEH npo-
yecca. llpouecc ocywecTsnanm Ha HecyNbOUAMPOBAHHBIX HUKENeBbiX
Katanulatopax, npeactasnaloWmx 60nbWONA NPAKTUYECKUA WHTepec
ANA nofy4deHus 3eneHoro gusensa. KuHeTuMdeckasa cxema npolecca c
yyeToM Lenesbix (anKaHoB) U BCEX NOBOYHBIX KUCNOPOACOAEPHKALLUX
NpOAYKTOB NpepnoxeHa. KonuyecTseHHas oLeHKa OCHOBHBIX Mapul-
pyTtoe ruapoobnaropaxusanus TIK pancosoro Macna nonyyeHa, 4to
NO3BONAET NPOrHO3UpOBaTL COCTaB NPOAYKTOB W ANA APYTUX YCNOBUIiA
nposejieHua npouecca.

KnioueBble cnoBa: BuoTonauBo, rugpoobnaropamusadue, rMapokpe-
KUHT, TPUIMLEPUAbl XUPHBIX KUCNOT, MUKPOBOLOPOCAM, Pancosoe
Macno.
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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.
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Kinetics of hydroforming of triglycerides of fatty acids

of rapeseed oil under mild conditions
L]

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 witha
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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