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Copepxatue

OBLLME BOTIPOCHI KATAJIU3A

Bpoikun A.B., Aptemor A.B., Koneros K.A.

AHanu3 poiHKa pefikozeMenbHbIX Metannos (P3M)
n P3M-kartanu3aropor

[lan aHanus poiHka pegkosemenbHblx anemeHTos (P33) u pbinka
P33-katanu3atopoB. [puBefeHbl OCHOBHbIE JaHHble O MECTO-
poxaennsax P33 8 Poccuu v mupe. flas aHanus ncnonb30BaHuns
P33 ¢ aKeHTOM Ha NPOM3BOACTBO MarHUTOB U KaTanu3aTopoe.
NMpusegeHy faHuble 06 obnacTax npumeHenus P33-katanu-
3aT0poB: 06e3BpexuBaHue BLIXJAOMHLIX Fa3oB aBTOMOGUNeN,
KaTaNMTUYECKUN KPEKHHT, TMAPUPOBaHUe, AeruLpPUpOBaHue,
ruaparauus, fernaparauus, napoBas, YreKUCN0THaA U OKUC-
NWTenbHas KOHBEPCUA MeTaHa, OYMCTKA CTOYHBIX BOA WM AP.
CaenaH BbIBOA O TOM, YTO passuTue npoussopcTea P33-kara-
Nu3aropoe MoXeT obecneyuts NPopuiB B 061acCTU CO3[aHUsA
HU3KOTEMNepaTypHbIX 3Heprocbeperaowux KartanuTuyeckux
npoueccos.

Kniouesble cnosa: peaKo3emenbHbleé MeTannbl, KaTaan3aTopbl,
aHanUTHYecKuu 0630[:), PblHOK.

Eyesckuit [.B., Kopenes E.T., Hocbipesa I.H

Cnoco6bl NoBbILEHNA CTABMNBHOCTU KaTaIKTUYECKOrO
aeicTBna ueonutos Tuna MFI v ysenuuenuna obuiero
CpoKa chyw6bl KAaTaAN33aTOPOB Ha UX OCHOBE .............. 16

Mosblwetne cTabuabHOCTH PaGoThl LLEONUTHBIX KaTanu3aTopos
Tuna MFI akryanbHo fina co3panusa BbICOKOIdEKTUBHBIX KaTa-
NW3aTopPoB NPeBpalieHUA MeTaHoNa unu yreBoaoPOAHLIX ra308
(,-C, 8 apomaruyeckune ymesogopogb (AY) — BaHbIX MPOMbILL-
neHHbix npoueccos. B pabote npeanoxeHsl Tpu HOBBIX NOAXoAA
K NOBBILEHNIO CTaOUNBHOCTY LLEOIMTHBIX KaTaln3aTopos: Cenek-
TMBHOE lea/lloMUHUPOBAHUE Ha BHelHeH NOBEepPXHOCTH KpHucTan-
nos ueonuta MFI; cTpyKTYpHO-CENEKTUBHLIA MOHHBIA 0OMEH BHe-
WHeN NOBEPXHOCTU KPUCTaNN0B, MPUMEHEHUE U30TEPMUYECKOTO
(tpybuatoro) peaktopa. M3yueHo BiMAHWE YCNOBWII NpOBeAEHNA
CeNeKTUBHOIC [IEaNIOMUHUPOBAHUA U CTPYKTYPHO-CENEKTUBHOIO
woHHoro obmeHa Ha MonbHoe cooTHowenue Si0,/Al,0; B Leonu-
Te U AIIUTENbHOCTL MEXpereHepayuoHHoro npobera (MPIT) 8 pe-
aKLMW KOHBEPCMM METZHONE B YINeBOA0POAbl. YCTaHOB/IEHO, YTO
CeneKTBHOE feanioMUHMPOBAHME BHEUIHEA MOBEPXHOCTA Npu-
BOAMT K yBennudeHuio MPT1 B 3-5 pa3. CTpyKTypHO-CeneKTUBHbIR
MOHHbIA 06MEH Ha BHelWHel NOBEPXHOCTH LEOSUTHLIX KpUCTan-
N0B NO3BONAET NOBLICUTb ANUTENLHOCTL Npoberos B 2—4 pasa,
CHU3WUTb TeMNepaTypy M ANMTENLHOCTL pereHepanmn 3a c4et us-
MeHEeHWA CBOWCTB OTnaraiowerocs Kokca. lpumeHeHune Tpybya-
TOrc peaktopa no3sonser 0b61erynuTb Npouefypy pereHepaunm B
CpaBHEHUU C aMabaTnyecKUM peakTopom 3a cyet o6pa3oBaHus
MeHee KOHAEHCUPOBAHHBIX KOKCOBBIX OTNOXEHUHN.

KnioueBbie cnoga: yeonut, MFL, metaHon, apomarudeckue yrne-
BOQOPOAbLI.

GENERAL OF CATALYSIS

Brikin A.V., Artemov A.V., Kolegov K.A.

Market analysis of rare earth metals (REM)
and REM-catalysts ..........ccccoeermiervmmcemiireceeniiiee s 7

Market analysis of rare earth metals (REM) and REM-catalyst is
given. The base data about the field of REM in Russia and in the
world are represented. Analysis of the use of REM with a focus on
the production of magnets and catalysts is available. Data about
an applications of REM-catalysts: neutralization of vehicle ex-
haust, catalytic cracking, hydrogenation, dehydrogenation,
hydration, dehydration, steam, carbon dioxide and oxidative
conversion of methane, waste water treatment, etc. are given.
There is conclusion that the development of REM-catalysts may
provide a breakthrough in the field of energy-efficient low-tem-
perature catalytic processes.

Keywords: rare earth metals, catalysts, analytical review, mar-
ket.

Echevsky G.V., Kodenev E.G., Nosyreva G.N.

The ways of improving the catalytic action stability of
MFI zeolites and increasing the lifetime of the catalysts
based on MFI zeolites ..........ccccoeueiiiiiimiiiieiernieninneenee. 16

The increasing the stability of the MFI type zeolite catalysts is
actual for creating of high active catalysts for methanol con-
version to C,—C, hydrocarbon gases or hydrocarbons to aroma-
tics — an important industrial processes. Three new approach
to improve the stability of zeolite catalysts are proposed in the
work: the selective dealumination on the outer surface of the
MFI zeolite crystals; the structure-selective ion exchange on the
external surface of the crystals, the use of isothermal (tubular)
reactor. The influence of conditions of selective dealumina-
tion and structurally selective ion exchange on the molar ratio
Si0,/AL,0; of the zeolite and time between regeneration run-
ning in the conversion of methanol into hydrocarbons is stu-
died. It is found that the selective dealumination of external
surface leads to an increase of between regeneration running
up to 3-5 times. Structure-selective ion exchange on the outer
surface of the zeolite crystals can increase the time of running
in 2—4 times, reduce the temperature and duration of recovery
due to changes in the properties of the deposited coke. Applica-
tion of the tubular reactor allows to facilitate the regeneration
process compared with an adiabatic reacter by the formation of
less condensed coke.

Keywords: zeolite, MFI, methanol into aromatic hydrocar-
bons.
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Copeparue

MonosuHkuH M.A., KocTiouenko B.B., BaHuypux B.U,,
Ixymamyxamegos [1.11., Bogonees B.B.

IKCTpy3notHoe popmoBaHue 3Heprocbeperaowmux
topm 3epeH (Tunopasmepos) wenesomonubaenoeoro
Karanu3aropa AnA npouecca oKUCNeHUa MeTaHona
B hopmanbaerug

WccnegoBaHbl BO3MOXHOCTbL M YCAOBUA 3KCTPY3MOHHOTD opMoBa-
HUA Kene3oMoNMBAeHOBOTO KaTanu3aTtopa OKUCIEHUA MeTaHoNa B
(hopmanbgerug Ans nonaydenus Heprocbeperamlumx Tunopasme-
poB 3epeH Katanu3sartopa. [IposefileH CPaBHUTENbHBIA aHANNU3 BIU-
AHMA MeToAa DOPMOBAHUA Ha NOKa3aTeNu Kavecrsa 3Heprocbepe-
raolux TANOpa3MepoB 3epeH Katasmsaropa — pebpucTsix rpaHyn v
TPpy6oK. MoKa3aHo, YTO 3KCTpy3us B3ameH TabneTUpoBaHUA obec-
feyuBaeT NoBbILIEHWe NOKa3aTened KadyecTBa Karanusatopa: o6-
weil nopucTocTu Ha 30 %, yaensHOH NOBEPXHOCTU Ha 20 %, o6bema
Nop ONTMManbLHOIO pasMepa B TPU pa3a U MexaHU4ecKoi NpoYHoC-
TH 4ns TpyBok (konew) Ha 4 %, s pebpucTbix rpanyn Ha 20 %.

KnioueBble cnoBa: katanusatop OKUcnenus, dopmansgerua,
3IKCTpY3uOHHOE OPMOBaHUE, WHEKOBBIN 3KCTPYAep, hopma 3ep-
Ha, 3HeprocbeperatoLuii THNopasmep, puchaeHas rpaHyna, Tpyo-
Ka (Konbuo).

KATAJIU3 B XUMUYECKOW
W HEOTEXUMUYECKOM NPOMbILLIEHHOCTH

Anxumos C.A., Tpuropses [l.A., Muxainos M.H.

rM6pMAHble MeTann-ueocjiMTHble KaTannu3aTtopbl CUHTE3a
®uwepa - Tponwa Ana nonyyeHUa GpaKuuu yrieBoao-
pvoB C5—C18 .......................................................... 31

[na npamoro cuHTesa dpakuuu ymesofopofos (;—C,g 3 CO u
H, npuroToBneHel rBpUAHLIE MeTan-UeoNUTHbIE KaTanu3aro-
pbl, MogUdUUMPOBaHHble nepexodHbiMU MeTannamu (Pd, Fe, Co,
Ni). Metogamu TemnepaTypHo-NpoOrpaMMUPOBAHHOIO BOCCTa-
HOBNEHMA U ancopbuuu KMUClopoAa WUCCNefoBaHO COCTOAHWE
aKTMBHOTO KOMNOHEHTa KaTanu3aTopa (AMCNepCcHOCTb, yaenbHasn
NOBEPXHOCTb W CTeneHb BoccTaHoBNeHus Co). OnpeaeneHsl Ka-
TanMTUYeCKUMe XapaKTepucTuku obpasuos. Wcnsitanus nposo-
AUNK B NPOTOYHOM TPyGuaTOM peakTope AvameTpoM 1,3 ¢M npu
2 MNa n remnepartype ot 210 go 250 °C Ha katanu3arope dpak-
uuu 0,1-0,2 MM, HaBecka - 2,5 cm3, YcTaHOBAEHO, YTO aKTUBHOCTD
o6pasyos ysennuusaetca B pagy Co < Fe < Ni. € uensio ontu-
MU3aLUKM COCTABA CUCTEMbI M3YYEHBI XaPaKTEPUCTUKU KaTau3a-
TOpa € BapbUpyeMblM COAepKaHUeM HUKensa: 2, 4, 6 n 8 Mac.%.
MaxcumanbHbli BoixOA XUAKuUx ymesopcpopos us CO u H,
(120 r/m® cumTe3-rasa) noayyeH Ha KaranusaTope, COfepxa-
wem 4 mac.% Ni. MpoBegeHbl ucnbiTahus Ha rpadynax (1,5-
3,5 MM) 3TOrO KaTanu3aTopa B PeaKTope € yBeNUYeHHON 3arpy3Koin
(50 cM®), noka3aBuIMe BOIMOXKHOCT 50 NPUMEHEHUS B OMBITHO-
MPOMBIWAEHHBIX YCTAHOBKAX.

KnioyeBble cnoBa: rubpuaHLie MeTani-Leo uTHbIE KaTanu3aropsl,
KobansTcopiepialyue Karanuszatopsl, cuHTes Ouiepa — Tponwa,
tparuma C5—Cyg nepexopHble METANN, PEAKTOD C HENOABUMHbLIM
cnoem, Maclwrabuposanve, daktop AMddY3MOHHOIO TOPMOKEHUA.

Polovinkin M.A., Kostjuchenko V.V., Vanchurin V.I,,
Dzhumamuhamedov D.Sh., Vodoleev V.V.

Extrusion moulding of energy-saving form of grains
(standard size) iron-molybdenum catalyst for the oxida-
tion of methanol to formaldehyde ............................. 24

The conditions and possibility of carrying out the process of
extrusion iron-molybdenum catalyst for catalytic oxidation
of methanol to formaldehyde were investigated to produce
energy-saving ribbed sizes catalyst. A comparative analysis was
provided on the impact of molding method on quality of energy-
saving ribbed sizes catalyst — ribbed granules and tubes. It is
shown that instead of extrusion the increase performance of the
catalyst is provided: total porosity up on 30 %, surface area on
20 % of the pore volume of the optimum size of 3 times and the
mechanical strength of the tubes (rings) on 4 % edged granules
on 20 %.

Keywords: oxidation catalyst, formaldehyde, extrusion, a screw
extruder, shape, energy saving shape, corrugated granule, a tube

(ring).

CATALYSIS IN CHEMICAL
AND PETROCHEMICAL INDUSTRIES

Alkhimov S.A., Grigoriev D.A., Mikhailov M.N.
The hybrid metal-zeolite catalysts for Fischer — Tropsch
synthesis to obtain C;-C, 4 hydrocarbon fraction

Hybrid metal-zeolite catalysts are prepared and modified with
transition metals (Pd, Fe, Co, Ni) for the direct synthesis of
hydrocarbons of C;~Cy5 of CO and H,. State of the active catalyst
component (dispersion, surface area and the recovery of Co)
was studied by temperature-programmed reduction and oxy-
gen adsorption. The catalytic performance of the samples are
identified. Tests were carried out in a continuous tubular reactor
with a diameter of 1,3 cm at 2 MPa and a temperature from
210 to 250 °C on the catalyst fraction 0,1-0,2 mm, weigh of
samples 2,5 cm®. The activity of the samples increases in the
Co < Fe < Ni. In order to optimize the composition of the cata-
lyst system the catalyst characteristics with a variable nickel
content of 2, 4, 6 and 8 wt.% were studied. The maximum yield
of liquid hydrocarbons from CO and H, (120 g/m? synthesis
gas) was obtained by using a catalyst containing 4 wt.% Ni. The
Tests on the granules (1,5-3,5 mm) of the catalyst in the reactor
with increased load (50 cm?) were held that is showed the pos-
sibility of its use in a pilot plant.

Key words: hybrid metal-zeolite catalysts, Fischer — Tropsch
synthesis, C;-Cyq, transition metals, fixed-bed reactor, scale-up,
effectiveness factor.
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Copepxanue

WHXXEHEPHDIE MPOBJEMbI.
IKCNAYATALIUA U NPOU3BOAICTBO

PomaHoBckwii P.B., MUBawkuna E.H., ®panuuna E.B.,

Honrasos U.M., UBanuuna 3.1., |Kpasuos A.B.|,

Ueanos C.10.

CosepuieHCTBOBaHUME PEIKUMOB IKCILAYATAUMM NNATHHO-
BbIX KaTanwu3aTopos gernapuposanus napagpunos Co-C,,
Ha 0CHOBe yyeTa U3UKO-XMMUYECKUX 3aKOHOMEPHOCTEH
MPOLECECA -.eeuervnecnnaraieennerenneasescncamnsssssemnnraassasssccssnes 42

WUccneposaHbl BO3MOXHOCTM pereHepauuy KatanusaTtopos fie-
ruppuposadua napaguros Co—Cyy NPUroTOBAEHHLIX HAa OCHOBE
aKkTuBHOro metanna (NNatvHbl) U NPOMOTOPOB, HAHECEHHLIX HA
Al,0; unu (MarHuit)aniomocunukatol. Wcnonb3oBaHbl havTu-
Yeckue AaHHbIE OMbITHBIX NPOBEroB KaranW3aTtopoB B MPOMbIM-
neHHbix yenosuax. (Tanumn BbiKUra KOKCa U OKCUXNOPUPOBaHUA
UccnefoBaHbl € MCNONb3OBaHWEM TepMOrpaBUMETPUYECKOro
aHanu3a 1 MeToja MateMatuyeckoro Mofenuposanua. loxasauo,
4YTO APU NPaBMILHOM BbIbOpe pexuMa BOCCTAHOBNEHWUA aKTUB-
HOCTM CPOK 3KCTyaTalUM Katanu3atopa MOXeT GbiTb NpoasieH
Ha 25-30 %. lpepnoweH BapUaHT PEKOHCTPYKUUM YCTAHOBKU
AernapupoBaHua Ana obecneyeHus BO3MOXHOCTH NMpoBeAeHUs
CTafuu pereHepauny, BKAIOYAIOUEN BbIKUT KOKCE U OKCUXAGPH-
posaHue.

KnioueBble cnoBa: KaTanusatopsl, geruapuposaHue, pereHepa-
41|, OKCUXNOPUPOBaAHUE, MaTEMATUHECKAA MOAEND.

OBynHHuKoBa E.B., Yymauenko B.A., Banyiickux H.H.
WUccnepoBaHne BNUAHUA NapaMeTpoB Npoliecca Ha Temne-
paTypHble peXXUMbI U NPON3BOAUTENBHOCTD TPpYBYaToro
pPeaKTopa OKUCAEHUA MeTaHona B Gopmanbierug ........ 51

MpuBoAATCA pe3ynbTaThl NapaMeTpUYeckoro aHanusa npouecca
OKMCAEHUs MeTaHona B hopManbAerug Ha OCHOBE KUHeTUdec-
KO MOJENU peakLuii Ha eNne3o-MonubaeHOBOM OKCUAHOM Ka-
Tanusatope U ABYMepHOI MaTemaruueckod mopenu Tpybuaroro
peakTopa. pusefeHbl pe3ynsTaThl KUHETUYECKUX IKCNEPUMEH-
TOB Ha NPOMbIWNEHHbX rpaHynax Fe-Mo karanusaropa. Pesynb-
TaTbl PacyeTa coNoCTaBeHb C NPOMBIWAEHHBIMK faHHbIMU. Teo-
PETUYECKM UCCNE0BAHLI BO3MOXHOCTM YNPABAEHUA NPOLECCOM
OKUACNEHUs MeTaHona B hopManbaerng B Tpybuathix peaxTopax
1pU MIMEHEHNYU MPOUIBOAUTENLHOCTH YCTAHOBKMU C YYETOM TEX-
HONOrMYECKNX OrpaHnyeHnit. 3y4eHo BNUAHUE NAPAMETPOB Ha
TemnepatypHble U KOHLEHTPAUMOHHBIE PEXUMBI B PEaKTope npu
Pa3IMYHbIX COOTHOLLEHUAX 3arpy3K1 KaTann3atopa U UHEpTHOro
Marepuana.

KmoueBble cnoBa: cuHTe3 ¢opmanbaernaa, Keneso-monnbae-
HOBbI OKCMAHBIN KaTanusarop, TpybuaThil peakTop, Maremaru-
yeckoe MOfenvpoBaHue peakTopa, 3dbeKkTuBHbIA koI buULeHT
paguancHo#f TeNNONpOBOAHOCTH, MOBLIWEHNE MPOU3BOANTESNb-
HOCTU.

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION

Romanovsky R.V., Ivashkina E.N., Frantcina E.V.,

Dolganov I.M., Ivanchina E.D., [Kravtsov A.V.|,

Ivanov S.Yu.

Improving the operating conditions of platinum
catalysts for paraffins Cy-C,, dehydrogenation,

taking into account the physical and chemical laws

OFf the ProCess .......couiveiiiiiiicriceeeeceeeieireeree e eees 42

The possibility of regeneration of the catalysts for dehydrogena-
tion Cy-Cy, paraffins was investigated. The catalysts were pre-
pared on the basis of the active metal (platinum) and promoters
supported on Al,0; or (magnesium) aluminosilicates. The fac-
tual data of catalysts runs is used in industrial environments.
The stages of coke burning and oxychlorination were investi-
gated using thermogravimetric analysis and a method of math-
ematical modeling. It is shown that in the way of correct mode
of regeneration the lifetime of the catalyst can be extended by
25-30 %. The way of reconstruction of dehydrogenation unit
was proposed to allow the regeneration including burning of
coke and oxychlorination.

Keywords: catalysts, dehydration, regeneration, oxychlorina-
tion, the mathematical model.

Ovchinnikova E.V., Chumachenko V.A., Valuiskikh N.N.

The research of influence of process parameters on tem-
perature regimes and performance of tubular reactor

for methanol oxidation to formaldehyde .................... 51

The results of the parametric analysis of the oxidation of metha-
nol to formaldehyde based kinetic model on iron-molybdenum
oxide catalyst and a two-dimensional mathematical model of
the tubular reactor are presented in the article. Results of the
kinetic experiments of industrial granules Fe-Mo catalyst are
shown and compared with the industrial data. Features of con-
trol of the methanol to formaldehyde oxidation process in the
tubular reactor when the plant productivity is changing in view
of technological limitations are investigated theoretically. The
influence of parameters on the temperature and concentration
conditions in the reactor at different ratios loading catalyst and
inert material is studied.

Keywords: formaldehyde synthesis, iron~molybdenum catalyst,
multitubular reactor, mathematical modeling, effective coeffi-
cient of radial heat conductivity, productivity.
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CopepxaHnue

I OTEYECTBEHHbBIE KATAJIU3ATOPbI

Dlyéunun 10.B., Asbikos H.A., Cumonos A.[l., Aikosnes B.A.,
Capaes A.A., Kanues B.B., bynasuenko 0.A., NueHko A.B.,
Mokpunckuis B.B., Epmakos [.10.

Uccnepnosanue Katanusatopos rnyb6okoro okucneHusa CO
¥ OpraHuuecKuX BelecTs ANA KUNALLEro Cos ............ 68

KomnieKkcoM pr3NKO-XMMUYECKUX METOROB, Takux Kak B3T, POA,
P®3C, IMBP, uccnepoBarbl Katanusatopsl MyBoKoro okucieHus
CO v opraHuyeckux BeleCTB MPOMbILIEHHOMO NPOM3BOACTBA
(WK3-1, UK-12-73) u 0bpasupl Katanu3aropos, NPUrOTOBEHHbIE
B UucTutyTe Katanusa (KM0-S20, KM0-030-okcuaHbie aniomoMen-
HoMarHuitxpomosbie). OnpepeneHsl a3osLil COCTaB KaTanu3sa-
TOPOB U pacnpefeneHue aKTUBHbIX KOMIOHEHTOB B rpaHyAax Ka-
Tanau3atopoB. posefeHbl UCMLITAHWA KATaNIN3aTOPOB B Npotecce
okucneHus CO B NPOTOYHOM peaKTope U B UMNYNLCHOM pexuMe.
YcraHoBAeHo, 4To B 06oMX Crydasx aKTUBHOCTb KaTanu3aTtopos
yMeHblWwaeTca B pagy: WK3-1 > KI0-520 = KI0-030 > UK-12-73.
MpuroToBneHa W UCMLITaHa ONLITHAA MAPTUA OKCUAHOIO aNIOMO-
mepHoMarHuiixpomosoro (Cu0-Mg0-Cr,05/AL,05) katanusatopa
Ha 0CHOBe OKCMAa anoMuHua (pupma Sasol Germany GmbH) B
npoliecce CKUTaHUS TBEPROro TOMNIMBA B Kunawem cnoe. [Moka-
3aHa BbICOKAA aKTUBHOCTb KaTanu3atopa B OKUCNEHUW NeTyyux
opraHuyeckux seilecTs, CO U KOKCOBOro 0CTaTKa, a TaKXe ycToM-
YKBOCTb K NCTUPaHuio; coepxanne CO Ha Boixofe W3 peakTopa
NpWU UCABITAHWM TAKOro Katanusaropa COOTBETCTBYET CaHUTap-
HbIM HOpMaM,

KnioueBble cnoBa: Kunauwuit CNoKU, reTeporeHHble Karanusaropsl,
rny6okoe oxucnexue CO U opraHMyecKux BetecTs.

NonotHiok 0-B.A.

K ucropuu nycka nepsoro npousBopcTsa aHUIMHA napo-
¢ha3HbIM KOHTaKTHbIM BOCCTaHOBNIEHUEM HUTpobeH3ona
BOAOPOAOM

AHWAMH — OBMH W3 BaXXHeilWuWX NPOAYKTOB TAXENOro OpraHu-
YecKoro cuHTesa. Ero 3naveHnune ansa HapofHOro x03siCTBa nog-
YepKMBAETCA B HA3BaHWU OJHOWN W3 OTPACNEA XMMHUYLCKOFO Npo-
M3BOACTBA — AHUNMHOKPACOYHas NpoMbIlLieHHOCTh. [lo KoHua
50-x rr. XX B. npakTuyecku B TeyeHue 100 neT aHUNMH NpoU3BO-
AUNCA B MUPe B OCHOBHOM No MeTopy bewaHa — )uaxodasHeim
BOCCTaHOBAEHMEM HUTPOGEeH30M1a YYTYHHON CTPYXKOA B KMUC/ON
cpene. Ha pybexe 50-60-x IT. npousiore Beka B NPOU3BOACT-
Be 3HUIUHA OCYWeECTBNRETCA NEepexof Ha HOBBIM NPOrpeccus-
Hblii crocob — KaTanuTUYeckoe napodasHoe BoCCTaHOBMieHUE
HutpobeH3ona BogopoAcM. 3a pybexom u B CCCP 3ToT Metopn
6bin OCBOEH B NPOMBIWNIEHHOCTU NPAKTUYECKU OfHOBPEMEHHO, U
ero paspaboTka npoucxoauna Hesasucumo apyr ot apyra. B Co-
Betckom Colo3e cosparenem 3T0ro MeToAa ABNAETCH COBETCKWUIA
xumuk N.M. Lianko. Ha pa3pabotaHHOM UM KaTanu3atope B-3
Ha Depe3HUKOBCKOM aHWnuMHo-kpacoyHaoMm 3asope B 1958 r.
6bl1 MylleH MepBbiid LexX NPoU3BOACTBA aHWIUHA MOLLHOCTLIO

DOMESTIC CATALYSTS

Dubinin Yu.V. ., Yazikov N.A., Simonov A.D., Yakovlev V.A.,
Saraev A_A., Kaichev V.V, Bulavchenko 0.A., Ishchenko A.V.,
Mokrinsky V.V., Ermakov D.Yu.

Study of catalysts for deep oxidation of CO and organic
substances in fluidized bed ...........cccooiiiiiiiiiiiinniene 68

Catalysts deep oxidation of CO and organic compounds are in-
vestigated by set of physical and chemical methods such as BET,
XRD, XPS, HREM. These were the industrial catalysts (SCHKZ-1,
IC-12-73) and samples of the catalysts prepared by the mem-
bers of the writing team in Boreskov Institute of Catalysis (KGO-
S20, KGO-030-oxide aluminum-copper-magnesium-chrome).
Phase catalyst composition and the distribution of active com-
ponents in a catalyst granules are determined. Testing of the
catalysts in the CO oxidation in a flow reactor or in a pulsed
mode are performed. It's found that in both cases, the activity
of the catalysts decreases in the order: SCHKZ-1 > KG0-520 =
~ KG0-030 > IC-12-73. Experimental batch of copper oxide-alu-
minum-magnesium-chromijum (Cu0-Mg0-Cr,05/AL,0;) catalyst
based on alumina (company Sasol Germany GmbH) was prepared
and tested in the combustion of solid fuels in a fluidized bed.
The high activity of the catalyst in the VOC, C0, and coke oxida-
tion as well as high abrasion resistance. The CO concentration
at the out of the reactor during the catalyst test is according to
sanitary requirements.

Keywords: fluidized bed, heterogeneous catalysts, deep oxida-
tion of CO and organic substances.

Polotnyuk 0-V.Ya.

The history of start of the first production of aniline

by vapor phase contact reduction of nitrobenzene

with hydrogen ... 77

Aniline is one of the most important products of heavy organic
synthesis. Its importance to the national economy is empha-
sized in the title of one of the branches of chemical industry -
aniline-dye industry. Until the late 50’s of the twentieth cen-
tury, almost last 100 years aniline was produced in the world
is mainly by method Béchamp. It is a liquid phase reduction of
nitrobenzene iron turnings in an acidic medium. At the turn of
the 50’s and 60’s of the last century in the production of aniline,
a transition to a new progressive way was made - to catalytic
vapor-phase reduction of nitrobenzene by hydrogen. Abroad
and in USSR this method was mastered in industry almost simul-
taneously and its development occurred independently. In the
Soviet Union, the creator of this method was the Soviet chemist
I.M. Tsapko who developed the catalyst B-3. The first workshop
production of aniline with capacity 18 thousand tons of prod-
uct per year was commissioned in 1958 at the Bereznikovskiy
aniline-colorful plant on this catalyst. At the load 897 kg/h
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Conepxanue

18 Toic. T npoAyKTa B rof. Mpu Harpy3ke 897 kr/4 HUTpoGeH3oNa
1 2090 H. M3/'~l BOAOPOJA HA OJHY KOHTAKTHYIO cuctemy (B uexe
ObIIO YCTAHOBAEHO YeTbipe KOHTAaKTHble CUCTEMbl) nojiydanu
668 Kr/y aHunuHa. Bbixof aHUNMHA OT TeOpPeTUYECKOro No CTa-
LYY KOHTaKTUPOBAHUA cocTaensn 98,5 mon.%. Pexum paboth
KaTtanansatopa: noayyeHue aHunuHa — 125 4, peredepauun Kara-
nu3aropa — 15 u. [laHHblit MeTon obecneynBan cHuxeHWe cebec-
TouMocTY npogykTa Ha 15 %. B npegnaraemoit cratbe paccMoT-
peHbl CXxeMa YCTaHOBKN U YCIOBUA 3KCNyaTalumn Katanusaropa B
napotasHoM NPOU3BOACTBE aHMAUHA.

Knioyeesie cnoea: HUTpobeH30n, aHUNUH, kKaTanusarop B-3, pe-
reHepauus karanusaropa, BOT — BbICOKOKUNALLUIA OpraHuteckui
TENAOHOCUTEND, Cenapauus, 3KCTPaKUUs, RUCTUANALUA, BbIXOA
aHUAKHA.

of nitrobenzene and 2090 nm>/h of hydrogen for one contact
system (found in the shop four contact systems) are obtained
668 kg / h of aniline. The yield of aniline at contacting step was
98,5 mol.%. Mode of operation of the catalyst: preparation of
aniline — 125 hours, the catalyst regeneration — 15 hours This
method provides a reduction of product cost at 15 %. In the
present article the plant scheme and operating conditions of the
catalyst in the vapor phase production of aniline.

Keywords: nitrobenzene, aniline, catalyst B-3, the regenera-
tion of catalyst high boiling point organic heat transfer, separa-
tion, extraction, distillation, yield aniline.
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Cepusa «XXI BeK CKBO3b MPHU3MY IKONOTUU»

IKOJNIOTMYECKUU UMMEPATUB BbIXKUBAHUA

Hacrositee u3nanue — nepsast KHUT2 B 3alyMaHHOU cepHH «XXI BeK CKBO3b IIPH3MY
3KOJOTHH» TO TIPOGIeMaM B3aUMOACHCTBHS 0OLIECTBA U OKPYXAIoHIe il Cpeabl H MpaK-
THIECKHM BOITPOCAM €¢ OXPaHb.

AHaTU3UPYIOTCS UCTOPHS BOZHUKHOBEHMS TEPMUHA «3KOJIOTUsI» U ero TpaHchop-
Mallisi B HIMPOKOE COHMANbHOE MOHATHE; MEPEX0o] OT SHWHUYHBIX UCCIECIOBAaHUI
€CTeCTBOUCIIBITaTENE] TIPOLLUTBIX BEKOB K 3KOJIOTHYECKOH TTapaaurme IMBUIU3ALUN
B XXI B. PaccMoTpeHa BO3MOXHOCTh BEIXUBAHHSI YEIOBEKa KaK BUIA B YCIOBUAX
YCWIMBAIOWIETOCS aHTPOIIOTEHHOTO AaBJicHU Ha Omocdepy, pocTa Yyucla JToKanb-
HBIX U TTIO0QBHBIX PUCKOB U KaTacTpod. O6cy>aroTcst HEeKOTOpBIE MOAXOAH K BO3-
MOXHOMY Da3pelIeHUIO HapacTalouled BeposSTHOCTH KOHGMINWKTA LMBUIU3ALINU
€ OKpyXalouien cpeoid.

Kuura paccusrana Ha IWUMPOKHI KpyT ynTaTereit, 06eCiOKOCHHBIX KaTacTpoduyec-
KMM 3arpsg3HeHHEM W Aerpafalneif okpyxarolieil cpeasl. OHa 6yner moiae3Ha cTy-
JEHTAM M ITPEeIOoNaBaTENsIM PA3MYHBIX YPOBHEH 06pa30BaHHA U CIICIHAILHOCTEN,
HHXEHEePaM M TEXHOJNOraM, NPeACTABUTEIIIM BIIACTH W OM3Heca — BCEeM, KTO 3a1y-
MBIBACTCA O KAUeCTBe KU3HU CBOCH, COBPEMEHHUKOB M ITOTOMKOB.

Katanu3 B npombiwneHHocTy, N2 4 2013




