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W3meHeHune koHueHTpauuu N,0 no rasosomy Tpakry
arperara YKJI-7 B npon3BopcTBE HEKOHLEHTPUPOBAHHOM
A30THOM KUCIIOTDL....eeireuneenieeerannenaereeeeannnnaereressnnenans 7

C uensio obe3spexuBaHUA OTXOAALIUX ra30B NPOM3BOACTBA HEKOH-
UEHTPUPOBAHHOW a30THOM KMCNOTHI OT OKCMAOB a30Ta NPOBEAEH
MOHUTOPUHT koHueHTpauuu N,0 B HUTPO3HOM U XBOCTOBOM rase no
Tpakty aesatu arperatoe YKJ1-7 Ha OAO «HAK «A30T», ucnons3yio-
WX BbICOKOTEMNEPATYPHYIO KaTanuTUueckylo auncTky (BKO - cemb
arperatoB) W HU3KOTEMNEPATYPHYIO CENEKTUBHYIO KATaNUTUYECKYIO
ounctky (CKO - aBa arperara). O6paszosanue N,0 B cnoe nnatuHo-
MAHOTO KaTanu3atopa NPOMCXOAUT HA NepBbIX NO X0y rasa ceTHax
BCNEACTBME OTHOCUTENBHO HU3KMx Temneparyp. Ot6op npob ocy-
WeCcTBAANCA B 6 TOYKAX aHanu3a. BBUAY OTCYTCTBMA TOYKM aHanu-
32 Ha BbIXOfe W3 KaTafNKU3aTOPHOrO CNOA, HEROCTAKOWMUE 3HAYEHURA
koHueHtpaunu N,0 onpegeneHbl pacyeTHLIM NMyTeM Ha OCHOBaHUM
R2HHbIX, NONYYEHHBIX B OMBITHOM peaKTope ¢ pabouuMm AUaMeTpOM
0,15 M, hYHKUMOHUPYIOWEM B pEXUME NPOMLIWNEHHOMO peaKkTopa
arperara YKJ1-7. Pe3ynstathl MOHUTOPWHTA NOKA3anu, YTO 3HaUEHHUA
KoHueHTpaunu N,0 meway otaenbHbiMu arperatamu YKJI-7 cywect-
BEHHO Pa3NMyaloTCA (B YACTHOCTH, 3HAYEHUA KOHUeHTpauun N,0 B
HMTPO3HOM rase NOCNe KOTNa Nexar B AManasoHe 1320-1810 ppm),
YTO MOXHO 0BBACHUTL Pa3NUUUAMU B TMAPOAWUHAMUYECKOM Teue-
HWM ra3oBOro NOTOKA Yepe3 Katanu3aTopHbIA cnai. B arperatax c
BKO koHuentpauus N,0 B 0YMIEHHOM XBOCTOBOM ra3e 3Ha4uTeNb-
HO HUXE AONYCTUMLIX KOHUEHTPaUMWiA, NO3TOMY AONOAHMTENbHAA
ouuctka ot N,0 He TpebyeTca. B xBocToBbIX ra3ax arperatos ¢ CKO
obHapyxeHa nossbiweHHas koHuewtpauns N,0 (680-1130 ppm),
4To 06yCcNoBAMBAET HEOBXOAUMOCTL AOMONHUTENBHOH OYUCTKH, NPU
3TOM y3en OYUCTKM XBOCTOBbIX ra3oB oT N,O enecoobpasno pas-
MeCTUTb NoCNe ra3oBoi TYPOUHbI.

KntoyeBble cnoBa: npou3BOACTBO HEKOHLEHTPUPOBAHHOMU a30THOM
KuCnoTel, arperatel YKS1-7, KaTanuTUyeCcKoe OKUCNeRne aMMUAK], MO-
HUTOPUHT KOHLEHTPALMK OKCUAA a3oTa (I), y3en oumucTu.

Gebert S., Cai Y., Kniep B.

Bbicoko3adpeKTUBHBIE KAaTaNN3aTOPb! CMHTE3a AaMMHUAKA
AmoMax komnaxum Siid-Chemie ........ccoeevevieniinennnnns 13

Karanusatop cuHTe3sa ammmuaka Siid-Chemie AmoMax nonvayercs
Bce 6onbwnm cnpocoM y notpebuteneil U NOITOMY HENpPePLIBHO CO-
BEPLEHCTBYETCA, ABAAACH KIIOYEBLIM NPOAYKTOM KOMNAHNU. ABTODLI
06CyMAAI0T BLICOKYIO NPOU3BOAMTENLHOCTL KaTanusatopa CuHTesa
ammuaka AmoMax®-10 Ha ocHOBe BIOCTUTA, KOTOPLIM paboTaet 3Ha-
YMTENLHO flyuwe NO CPAaBHEHUIO C OBLIYHLIMU KATann3aTopaMu CUH-
Te3a aMMMaKa Ha ocHoBe MarHetuta. [laeTca reorpagus cnpoca Ha
Karanu3atop — 3a 8 net okono 70 3aKa3UUKOB M3 Pa3NUUHbLIX CTpaH
MUPa UCMONL3YIOT KATANM3ATOP B YCTAHOBKAX CUHTE3a aMMMUaKa 60b-
+ WON MOWHOCTH.

Knwoyesbie cnopa: Katanusatop, CUHTE3 aMMUAKa, BIOCTUT.

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION

Brushtein E.A., Vanchurin V.1, Yashchenko A.V.

Changing of N,0 concentration in the gas passage

of UKL-7 unit in the non-concentrated nitric acid pro-
duction

In order to neutralize the waste gases of non-concentrated nitric
acid production from nitrogen oxides the N,0 concentration mon-
itoring in the nitrous and outlet gas was hold in the tract of nine
units UKL-7 for JSC «NAC “Nitrogen”», using high-temperature
catalytic treatment (seven units) and low-temperature selective
catalytic purification (two units). Formation of N,0 in the plati-
noid catalyst bed occurs on the first grid in the gas pipe due to
the relatively low temperatures. Samples were taken at 6 analysis
points. Due to the lack of analysis point at the exit from the cata-
lyst bed, the missing values of N,0 concentration are determined
by calculations based on data obtained in the experimental reac-
tor with a working diameter 0.15 m, functioning in the mode of
industrial unit UKL-7 reactor. Monitoring results showed that the
concentrations of N,0 between individual units are significantly
different (in particular, the N,0 concentrations in nitrous gas
after the boiler are in the range 1320-1810 ppm), which can be
explained by differences in the hydrodynamic flow of the gas flow
through the catalyst bed. In units with high-temperature cata-
lytic purification of tail gas the N,0 concentration in significantly
below the allowable values, so the additional removal of N,0 is
not required. In the tail gases low-temperature selective catalytic
purified the increased concentration of N,0 (680-1130 ppm) was
found, necessitating further purification, with the tail gas cleanup
unit from N,0 advisable to place after the gas turbine.

Keywords: production of non-concentrated nitric acid, UKL-7 units,
catalytic oxidation of ammonia, monitoring the concentration of
nitric oxide (I), treatment unit.
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Gebert S., Cai Y., Kniep B.
Highly efficient catalysts for ammonia synthesis
AmoMax by Siid-Chemie company ........cccccceivivienncnnnn. 13

The catalyst for ammonia synthesis Siid-Chemie AmoMax increas-
ing demand from consumers and, therefore, constantly improving,
as a key product of the company. The authors discuss the perform-
ance of the catalyst for ammonia synthesis AmoMax®-10 based on
the wustite, which works much better than conventional ammonia
synthesis catalysts based on magnetite. Given the geography of
demand for a catalyst - for eight years, about 70 customers from
around the world use the catalyst in ammonia synthesis plants of
high capacity.

Keywords: catalyst, the synthesis of ammonia, wustite.
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I OTEYECTBEHHbIE KATAJIU3ATOPDI

AnukaHoea N1.T., isopeuxuit H.B.

PacnpepeneHue uenodHbIX NPOMOTOPOB B CTPYHTYpe
MeNe300KCUAHOrO KaTanusaTopa AerMaApUpoBaHus......18

Lesnit napapy ¢ kanueMm aBnseTca 3PPeKTUBHLIM NPOMOTOPOM
AKTHBHOCTU HENe300KCUAHLIX KaTanu3aTopoB [eruapupoBaHus
onedUHOBBIX U aNKUNapoMaTUYECKUX YrneBofopoaoe. B ycnosusax
PeaKUMOHHOW Cpeppl KaTanusaTop npepctaBnaeT coboil deppur-
HyI0 cuCTeMy, cocToswyio u3 B”-nonudepputa kanus, MmoHodep-
PUTOB Kanua W Ue3un v marvetuta. C uenbio HayyHo 06OCHOBAH-
HOro pacyeTa ONTUManbHO| peLenTypsl KaTanu3aTopos NofobHoro
THNA U3Yy4eH XapaKTep pacnpefeneHUs WENOYHbIX NPOMOTOPOB B
CTpyKTYpe Katanu3satopa. [loka3aHo, YTo ANA WOHOB LE3UA npeq-
NOYTUTENBHO pacnonoxeHue s cTpykType B’-nonudepputa cocra-
Ba K,_,(s,Fe?*Fe3*;,0,,. [poBepeHbl UCNbITAHUA KaTanUTUHECKOM
3KTUBHOCTU AAHHOA CUCTEMbI C Pa3NvYHLIM COflEPIAHUEM Lie3uns B
peakuuu feruapupoBaHus aTunbeHsona B ctupon (peaktop npo-
To4Horo Tuna, 0,1MMa, 600 °C, o6beMHaA CKOpOCTb NOJayu 3Tun-
6enzona 1 u™l, MaccoBoe COOTHOWeEHME 3TUNGEH30N:BOAAHON Nap
1: 3). Moxa3aHo, 4TO MaKcMManbLHan yaenbHas cKopocTb o6paso-
BaHWA CTMpONa [OCTUraeTca ywe npu cootHowenuu Cs:Fe, oTBeva-
owem uHTepany 0,023-0,027, uto cooTBeTCTBYeT KO3 DULUEHTY
2=0,26+0,30. BepeHune 60Nbwero KONMHECTBA LLE3NA HELENeCcoob-
pa3Ho. B paHHo# paboTe Bnepsbie pa3paboTaHbl TeOpeTUYECKUE No-
TIOKEHWA afiPECHO AOCTaBKM NPOMOTUPYIOLLErO areHTa B 3aaaHHyio
(hasy KaTaUTUYECKM aKTUBHO eppuUTHOK cucTembl. OnTUMU3UpO-
BaHO COA@PXXaHUe AOPOroCTOAWMNX COEAUHEHUN LE3UA B HENE300K-
CHAHOM KaTanu3atope.

Kntouesble cnoBa: WenouHble NpoMOTOPbI, hePPUTHARA CUCTEMA, XKe-
Ne300KCUAHbIE KaTanWu3aTopsl, NoAUQEpPUTH LENOUYHBIX METAIOB.

Mapxomuyk E.B., Cawkuua K.A., PyauHa H.A.,

Kynukoeckas H.A., Mapmon B.H.

TemnnarHbiii cunTe3 3-D cTpyKTypUpOBaHHbIX MAKPONOpPMUC-
ThIX OKCUA0OB U UEPAPXUUECKUX LLEOMUTOB .....cvuvvnrenrnnes 23

€ 1997 r. aKTUBHO pa3BWBAETCA METOL CUHTE3a MaKpPONOPUCTBIX HO-
cuTeneit ¢ MCNoAb30BaHMEM HaHOPA3MEPHbLIX TEMNNATOB, YAANAEMbIX
U3 KOHEYHOTO NPOAYKTA NOCPEACTBOM BbIXUIaHWUA UNU PaCTBOPEHUA,
B aaHHOX paboTe no TeMNNaTHOM TeXHONOrMU nofyyeHbl 3-D cTpyk-
TYpUPOBAHHbLIE MAKPONOPUCTLIE HOCUTENU Pa3NUYHOA XUMUYECKOI
NPUPOAL! — OKCUJ, aNIOMUHWA, IUOKCUABI TUTAHA U LLUPKOHUA, a Takke
UepapxuyecKue CUAMKanUT U Fe-CunuKanuT co CTPYKTYpOHN LeonuTa
ISM-5, Temnnatel COCTOAT M3 NAOTHOYNAKOBAaHHBIX MOHOAWUCTIEPCHBIX
NONUCTUPONLHLIX Ccbep ¢ AuameTpoM B AuanasoHe oT 250 go 1150
HM. TloKa3aHo, YTO TEMNNATHLIA CUHTE3 NPUBOAUT K 3HAUUTENLHOMY
YBEJIMYEHUIO yAenbHOro 06beMa NOp U BHewHeH NOBEPXHOCTH no-
PUCTLIX OKCUAO0B. TaK, 06bEM NOP rpaHyNUPOBaHHLIX 06Pa3L 0B OKCH-
A2 aNOMUHUA, NONYHEHHbLIX B OTCYTCTBUE U B NPUCYTCTBUW NOAUCTU-
POMEHOro TeMnpata, cocTasnseT 0,34 u 1,22 cM3/r, COOTBETCTBEHHO.
BennuuHa BHewHeit yaensHOl NOBEPXHOCTU MeHAETCA oT 26,8 M2/r
y 6esteMnnatHoro Fe-cunukanuta co CTpyKTypoi ueonuta ZSM-5 no
440 M?/r y aHanoruuHoro 06pasua, NoNyYeHHOro B NPUCYTCTBUM NO-
JUCTUPONBHOTO TeMnnata. TeKCTypHbIe AaHHbIE MO3BONRAIOT CYUTATL

DOMESTIC CATALYSTS

Anikanova L.G., Dvoretskiy N.V.

Distribution of alkali promoters in the structure of iron
oxide catalyst for dehydrogenation...............c............ 18

Cs along with potassium is an effective promoter of iron oxide
catalysts activity for dehydrogenation of olefins and alkylaro-
matic hydrocarbons. Under the conditions of the reaction me-
dium the catalyst is a ferritic system consisting of potassium
B“-polyferrite, mono ferrites of potassium and cesium, and mag-
netite. In order to calculate the optimal composition of this
type of catalysts we studied the distribution of alkali promot-
ers in the structure of the catalyst. It is shown that the pre-
ferred (ocation of cesium ions is the structure of B”-polyferrite
of K,_,Cs,Fe?*Fe3*;,0,, composition. There are tests of catalytic
activity of this system with different content of cesium in the
dehydrogenation of ethylbenzene to styrene (flow type reactor,
0,1 MPa, 600 °C, the volumetric flow rate of ethylbenzene 1 h7,
the weight ratio of ethylbenzene:steam 1:3). Shown that the
maximum specific rate of styrene formation is achieved at in-
terval ratio Cs:Fe 0,023-0,027, which corresponds to the coef-
ficient z = 0,26+0,30. Introduction more cesium is impractical.
In this paper we first developed theoretical propositions for the
targeted transporting of the promoting agent in a given phase of
the catalytically active ferrite system. The content of expensive
cesium compounds in the iron oxide catalyst is optimized.

Keywords: alkaline promotors, ferrite system, iron oxide catalysts,
polyferrite of alkaline metals.

Parkhomchuk E.V., Sashkina K.A., N. Rudina N.A.,
Kulikovskaya N.A., Parmon V.N.

Template synthesis of 3-D structured macroporous oxides
and hierarchical zeolites ..........c..cccccoirvvivevienrnnnnnnnnen. 23

Since 1997 the method for the synthesis of macroporous supports is
developed active using nanoscale templates that afe deleted from
the final product by burning or dissolution. In this paper the 3-D
structured macroporous supports of different chemical nature were
obtained by templating technology - aluminum oxide, dioxide of ti-
tanium and zirconium, as well as hierarchical silikalit and Fe-silika-
it structure of zeolite ZSM-5. Templates consist of densely packed
monodisperse polystyrene spheres with diameters ranging from 250
to 1150 nm. It is shown that template synthesis leads to a signifi-
cant increase in specific pore volume and the surface of the porous
oxides. Thus, the pore volume of granular samples of aluminum
oxide, obtained in the absence and presence of the polystyrene tem-
plate are 0,34 and 1,22 cm/q, respectively. The value of the outer
surface area varies from 26,8 m2/g for notemplaty Fe-silicalite with
the structure of ZSM-5 zeolite up to 410 m?/g in the same sample
obtained in the presence of polystyrene template. Textural evidence
suggests a very promising new materials for adsorption and cataly-
tic processes involving high-molecular compounds, such as the ca-
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Conepxanue

HOBbIE MaTepuansl Ype3BblYaikHO NEPCNEKTUBHBIMU Ans aacopbuu-
OHHBIX 1 KATANUTUYECKUX MPOLECCOB C y4aCTUEM BbICOKOMONEKYSAP-
HbIX COEMHEHUH, HanpuMep B KaTanuTuyeckoi rugponepepaboTke
TAMENbIX PPaKLuit HedTy, KOHBEPCUU GUOMACCH! U NUTHUHA B XUMU-
YecKUe NPOAYKTHI, B TOM YUC/IE UAKUE YIEBOLOPOAL!, NPU NonyYe-
HUM apMalLieBTUHECKUX NPENapaToB, a Take B aACOPOLMM KPYMHBIX
MONEKYN, B YaCTHOCTU TAMESbIX METANNOB W3 BOGHbIX PACTBOPOB.

KnioueBbie cNOBA: NOAUCTUPOALHBIE HAHOCHEPL), TEMINATHLIA CUHTE3,
3-D MakponopucTas CTPYKTYpa, KPYNHONOPUCTLIE KaTanu3aTopsl, HEOp-
raHW4ecKue OKCUAbI, OKCUA ANIOMUHMUSA, [UOKCUA UMPKOHUA, AUOKCHUE,
TUTaHa, CUAUKanuT, Fe-copepmalymii CUNUKanuT, Lieonut ZSM-5,

Bockansau N.C.

BausaHue NPUPOALI HOCUTENA HA KAaTaNIMTUUYECKYIO aKTUB-
HOCTb NannagueBoro Katanu3latopa CUHTE3a BUHUNALETA-
Ta r330¢33HbIM AUEeTOKCUNUPOBAHMEM ITUJICHA ........... 33

WU3yueHo BAusAHUE NPUPOALI U TEKCTYPHLIX XapaKTEPUCTUK HOCUTENA
Ha aKTUBHOCTb, CENEKTUBHOCTL U CTabUNbHOCTL MOAU(ULUPOBAHHBIX
nannafuesbix KaTanu3aTtopoB CWUHTe3a BUHUNaleTaTa (BA) rasodas-
HbIM 3LETOKCMNAMPOBAHWEM 3TUNEHA. [InA NpUroTOBNEHUA KaTanu-
3aTOPOB MUCNOAb3OBaHL NPOMbIWLAEHHBIE U ONBLITHO-MPOMBILNEHHbIE
HOCWTENU Ha OCHOBE OKCUAa antoMUHUA Mapok Al, LLIH-2 u cunuka-
rens mapok KCK, KCC-3 - ucxopHble u nopBeprHyThie TepMUYECKON
06paboTke. Mo pe3ynbTaTaM KaTanUTUYECKUX UCTBITAHUI (NPOAONKK-
TeNbHOCTHI0 48 U 200 4) B KayecTBe 6330B0T0 HOCUTENSA ANA NaNNa[U-
eBbIX KaTanu3atopos cuHTe3a BA BbibGpaH cunukareneswit Hocutensb
KCC-3(1), npeaBapuUTensHO MOABEPTHYTHIA TMAPOTEPMANbHOKA 0bpa-
6oTke. Bapbupys Temnepatypy 4, Kak cneacteue, AaBneHue BOAAHO-
ro napa, a TakKe NPOAONKUTENLHOCTL 06paboTKU CUNUKarens Mapku
KCC-3, ynanoch ROCTMYL ONTUMBNLHOTO COOTHOLWEHMS NapaMeTpoB
HoCUTens, Npu KoTopom obecneuuBaeTcs ycTouMBas paboTa kaTa-
nusatopa cuHTe3a BA, a umeHHo: HacbinHas nnoTHoCTs — 0,54 r/CM3,
yAesbHas nosepxHocTb — 150+10 Mz/ﬂ, obvem nop 0,80-0,83 CM3/r,
papunyc nop 1100—1200 Hm. MNoka3aHo, 4To NpW 3KCNNyaTaluKu Katanu-
3artopa coctaea 1,5 % Pd, 0,75 % Au 1 5,0 % aletata Kanus Ha HOCH-
Tene KCC-3(1) BA B TedeHue 6 MecsiieB B NPOMbBILLNIEHHOM peaKTope
cuHTe3a BA 3HaveHWs nokasaTeneil aKTUBHOCTHU U CENEKTUBHOCTHU Ha
20~25 % BbllWwe aHaNOruyHbIX NOKa3aTeNel NPOMBbIWNEHHOIO KaTanu-
3aTopa. PesynbTaTsl UCCNeOBaHUS NMO3BONMAM PEKOMEHROBATH YKa-
3aHHbIA HOCUTENL AN NPOMLIWAEHHOTO NPUMEHEHMS C NPOTHO3Npye-
MbIM CPOKOM CNYWObI KaTanusatopa He meHee Tpex net. PaspabotaHa
U 3KCNEpPUMEHTaNbHO NOATBEPHAEHA KOPPEKTHOCTH METOAMKM Npo-
rHO3UpOBaHUA 3P dEeKTUBHOCTY paboThl KaTanM3aTopa Ha AAUTENbHbIH
nepuop (8o ~1000 4) Ha OCHOBaHWWU PE3YNLTAaTOB KPaTKOCPOYHbLIX
(48 4) ucnbiranuin. NpakTnyeckas 3Ha4MMOCTb METOAUKHU COCTOWT B TOM,
4YTO ee NpUMeHeHWe NpU NoAGOPe HOCUTENA ANA CMEILAHHBIX HaHeCeH-
HbIX KaTajM3aTopoB CUHTE3a BA 13 aTUNEHa NO3BOAMT CylECTBEHHO CO-
KpaTUTb KONUYECTBO U NPOAOIIKUTENLHOCTb IKCNEPUMEHTOB.

Kniouesble cnosa: ra30¢a3Hoe aUETOKCUANPOBAHUE 3TUNEHA, CUH-
T€3 BUHUNalUeTaTa, HOCUTENU, OKCUA aNIOMUHUA, CUNTUKarenu.

MonotHiok 0-B.A.
K ucropuu co3paHus v BHeppeHusa karanusaropa MKH-1
NPOU3BOACTBA (BTANEBOro aHTUAPUAA. ..cccuuvrrnneennannnenn 42

* B pesynbTaTe COBMECTHbIX UCCNEAOBaHUI, NpoBeaeHHbX UK CO AH
CCCP u otpacnesbiM uHcTUTyTOM HUOMUK, 6bin paspaboTaH Bbico-

talytic hydrotreatment of heavy oil fractions, conversion of biomass
and lignin into chemical products, including liquid hydrocarbons,
upon receipt of pharmaceuticals, as well as the adsorption of large §
molecules, such as heavy metals from aqueous solutions.

Keywords: polystyrene nanospheres, template synthesis, the 3-D
macroporous structure, large-pore catalysts, inorganic oxides, alu- §
mina, zirconia, titanium dioxide, silikalit, Fe-containing silikalit,
zeolite ZSM-5,

Voskanyan P.S.

Effect of support nature on the catalytic activity of pal-
ladium catalyst for vinyl acetate synthesis by gas-phase
acetoxylation of ethylene........cccccooveeiceciiiiiinnnnnnn, 33

The influence of nature and textural characteristics of the sup-
port on the activity, selectivity and stability of modified palladium
catalysts for the vinyl acetate (VA) synthesis by ethylene gas-
phase acetoxylation is studied. For the catalysts preparation the
industrial and experimental supports based on aluminum oxide
grades A1, ShN-2 and silica gel grades KSK, KSS 3 (initial and after
heat treatment) are used. According to the catalytic tests results
(during 48 and 200 hours) as the base support for the palladium
catalysts for VA synthesis was selected silica gel KSS-3 (1), pre- |
viously hydrothermal treatmented. By varying the temperature
and, consequently, the water vapor pressure, as well as heat treat-
ment continuance of the silica gel grade KSS-3, they reach an op-
timal parameters balance of the support that provide the stable
operation of the catalyst: bulk density - 0,54 g/cm3; specific sur-
face area — 15010 m?/L, the pore volume 0,80-0,83 cm3/g, pore
radius 1100-1200 nm. It is shown that the operation of the cata-
lyst composition 1,5 % Pd, 0,75% Au and 5,0% potassium acetate
on the support of KCC-3 (1) at 6 months in an industrial reactor
of the VA synthesis the activity and selectivity higher at 20-25 %
than the last industrial catalyst. Results of the study led to recom-
mend the support for industrial use with a projected lifetime of
the catalyst at least three years. Developed and experimentally
confirmed the correctness of methods to predict-the effectiveness
of the catalyst for a longer period (up to ~1000.h) on the base of
short-term (48 h) tests. The practical significance of the method
consists in the fact that its use in selecting of a‘support for mixed
supported catalysts of VA synthesis from ethylene will significant-
ly reduce the number and duration of the experiments.

Keywords: gas-phase acetoxylation of ethylene, vinyl acetate syn-
thesis, suppotrs, aluminum oxide, silica gels.

Polotnyuk 0.-V.Ya.
For the history of creation and implementation-of ICN-1
catalyst for phthalic anhydride production ................. 42

As a result of joint research conducted in Boreskov Institute of
Catalysis USSR Academy of Sciences and branch institute NIOPIK
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Copepxanue

ko3pdekTupHbId KaTanuszatop WKH-1 npoussopactBa dranesoro
aHruppuaa okucneHuem HadTanuHa Bo3ayxom B Tpybuartom peak-
TOpe C HeNOABUMHLIM Cnoem Katanusatopa. B MupoBol npaxtuke
u B CoseTckom Colo3e 3TaNOHHbIM KaTanu3aTopoM B 3TOM npolecce
cuMTanca BaHaguit-Kanuit-cynoar-cunukarenesbld  KaTanusatop
(BKCC), koTopbI# Npu Harpyske no HadTanuHy 40 r/(n Kat.-v) aasan
BbIx04 hTanesoro aHruapuaa 88 mon.%. B oTnuume oT Katanusatopa
BKCC, katanu3atop UKH-1, umes 6uaucnepcHyio NopUCTyio CTPYKTY-
py ¢ nonei makponop He Huxe 40 %, N03BONUN YBEANYUTL BLIXOA
¢ranesoro aHrugpuaa ao 92 mon.% M NOBLICUTL CbEM NPOAYKTA A0
60 r/(n kat.-u). Katanusatop WKH-1 6bin BHegpeH Ha YenabuHcKOM
nakokpacoyHom 3aBopae M Powanbckom xuMKombuHate B 1970-e rr.,
Tfe ycnewHo 3KCNAyaTMpoBanca ¢ NPOrHO3UpYEMLIMM NOKa3arens-
mu 6onee 25 net. Ha npumepe NKH-1 noka3saHo, KaKUM TEPHUCTHIM
6biBaeT nyThL OT pa3paboThu KaTanu3atopa A0 ero BHeAPEHUs B NPo-
MHINEHHOCTL,

KnioueBble cnoBa: katanusartop, buaucnepcHas cTpyKTypa, prane-
BbI aHTMAPUA, OKUCNEHWe HadTanuHa. npo6ooT6opHOe YCTPOoiCTBO,
peakTop.

| EUOKATAJIN3

flkosnes B.A., Xpomosa C.A., brikosa M.B.

Npobnembl cTabUNABLHOCTH HUKeNbCOAEPKALLMX KATaNK-
33TOPOB rUAPOAECOKCUTEHALUM NPOAYKTOB NUPOAN3A
BHOMACED! ... .ccemnnererrenrieiiiereennereriseeerntnnersnesessssnesens 48

PaccmatpusaloTcss reTeporeHHble KaTanusatopbl ruppoobnaropa-
HuBaHUA (rUAPOAEOKCUreHauua) NpoAyKTos 6bICTPOro nuponusa
6uomacce (6uoHedTs) ANs NONYYEHUS YINEBOAOPOAOB TONSMBHOIO
Ha3HaueHus. TIpu YCNOBHOM pa3AeNeHUN KaTanusaTopos rMApoae-
OKCUreHalWu Ha 3 rpynnbl — KaTanu3aTops! Ha 0OCHoBe 61aropoaHbIX
METaNNOB, CynbhUAUPOBAHHbLIE KaTanu3aTopbl CEPOOYUCTHU U He-
CynbMAMpPOBaHHbIE KaTanWU3aTopbl HA OCHOBE HaHECEHHbIX nepe-
XOiHbIX METaNNoB — aKkUeHT B 0630pe AenaeTcs Ha KaTanuTudeckue
CHCTEMb HeCynbOUAHON NPUPOALI HAa DCHOBE HUKENs Kak Haubonee
NEPCNEKTUBHbIE CUCTEMbI ANA TMAPOOBNATOPAMMUBAHUA CHIPbA C HU3-
KM cofiepaHueM cepbl. YuuTbisas cneuuduky 6uoHedT (Bbicokas
KACNOTHOCTb U BA3KOCTb, HU3Kas TepMOCTabunbHOCTL), hopMynupy-
loTCA TpeBoBaHUA, KOTOPbIE AOMKHbI NPERLABAATLCA NPU paspaboT-
Ke KaTanu3aTopoB rMAPOAEOKCUreHallui U NPOLECCOB Ha UX OCHOBE,
B 0cobeHHOCTU TpeboBaHusA CTaBUNLHOCTW faHHOTO TUNA KaTanu3sa-
TOPOB M UX CNOCOBHOCTH K MHOTOKPATHOM pereHepawmu.

Kniouesble cnosa: 6uomacca, GMoHedTb, rUAPOAEOKCUTEHALUS,
cynbdUAMPOBAHHBIE KaTanu3aTopkl, HUKENLCOAEPKALME KaTanu3a-
TOpH, CTaBUNBLHOCTD, Ae3aKTUBALLMA.

buiko A.B., KoHsesa M.b., lemupeHko I'.H., MaTeeesa B.T.,
Tamuna U.10., Cynbman 3. M.

Ou3nKo-xMMHUUECKHUEe UCCe0OBaHUA NOAUMEPCTabunu-
3NPOBaHHBIX NNATUHOBBLIX KATANU3ATOPOB IHAHTUOCENEK-
TUBHOTO FMAPUPOBAHMUA KETOHOB ........ccuvvrenninnninnnneen. 67

Pa6ota nocealleHa CMHTE3Y NNAaTUHOCOAEPHALWMNX KAaTaNUTUHECKUX
CHCTEM Ha OCHOBE CBEPXCWMWTOro NOAUCTUPONA, U3YYEHUIO CTpOE-

a highly efficient catalyst ICN-1 was developed for production of
phthalic anhydride by oxidation of naphthalene with air in a tube
reactor with fixed catalyst bed. In the world practice and in the
Soviet Union the reference catalyst for this process was regarded
the vanadium-potassium-sulfate-silica gel catalyst (VKSS) with
the naphthalene feed load 40 g/(L cat.-h) gave a yield of phthalic
anhydride 88 mol.%. Unlike VKSS catalyst, the catalyst ICN-1, hav-
ing a bidisperse porous structure with a share of macropores not
less than 40 %, allowed to increase the yield of phthalic anhydride
up to 92 mol.% and to increase the removal of the product up to
60 g/(L cat.-h). ICN-1 catalyst was introduced at the Chelyabinsk
Paint Factory and Roshalskom chemical plant in the 1970s. where
it successfully operated with projected performance more than
25 years. On the example of ICN-1 shows how thorny the way can
be from the development of the catalyst prior to its introduction
into the industry.

Keywords: catalyst, bidisperse structure, phthalic anhydride, the
oxidation of naphthalene, sampling device, a reactor.

BIOCATALYSIS

Yakovlev V.A., Khromova S.A., Bykova M.V.

The problems of stability of nickel catalysts for hydro-
deoxygenation of biomass pyrolysis products ............. 48

The heterogeneous catalysts are considered for hydroforming (hy-
dro deoxygenation) products of biomass fast pyrolysis (bio-oil) to
produce hydrocarbons for combustion purposes. There is conven-
tional division of hydro deoxygenation catalysts into 3 groups: cat-
alysts based on noble metal, sulfided catalysts for desulfurization
and not sulfided catalysts based on supported transition metals, the
emphasis in this review is on the not sulfided nature catalytic sys-
tem on the nickel base as the most promising systems for hydrofor-
ming of feed with low sulfur concentration. Taking into account the
nature of bio-oil (high acidity and viscosity, low thermal stability),
the requirements are defines that must be applied in the develop-
ment of catalysts and processes hydro deoxygenation, particularly
the stability requirements this type of catalysts and‘their aBility to
repeated regeneration.

Keywords: biomass, bio-oil, hydro deoxygenuat"ion, sulfided cata-
lysts, nickel catalysts, stability, deactivation.

Bykova A.V., Konyaeva M.B., Demidenko G.N., Matveeva V.G.,
Tyamina I.Yu., Sulman E.M.

Physico-chemical studies of polymer-stabilized plati-
num catalysts for enantioselective hydrogenation -

of Ketones ........coooiiiimmmiiiiiii e 67

The work is devoted to the synthesis of platinum catalytic sys-
tems hypercrosslinked polystyrene based, studying of the ob-
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Conepxanue

HUA NOAYYEHHBIX CUCTEM, @ TaKXKe UX TECTUPOBAHUIO B MOJENbHOM
peaKLuun 3HAHTUOCENeKTUBHOro rUAPUPOBAHUA 3ITUANUPYBATA,
NpoayKT KoToporo, R-3TunnakTar, moxer 6biTb UCNONL3OBAH KaK
XWpanbHblh MOHOMEp ANA nonyyeHus Guopasnaraembix NonUMe-
po. lMonydeHHble KaTanuTUUYECKUEe CUCTEMbI OXAPaKTepU3OBaHbLI
metogamu POIC, NM3IM, POA, undpakpacHoit cnektpockonueit aud-
¢y3HOro OTpaxeHus, HU3KoTeMnepaTypHoW apcopbuwueii asora.
B xope uccnefoBaHUA YCTaHOBAEHO, 4TO HOPMUPOBAHME HaHOYaC-
TvL, Pt(0) HauuMHaeTcs Ha CTaAWW BHECEHUs NpeKypcopa B NOAM-
MepHyi0 MaTpuLly, obpasyiolMecs YacTULbl aKkTUBHOW a3bl UMEIOT
y3Koe pacnpefeneHue no pasmepam C MaKCUMyMOM OKONO 2 HM.
MaKcUManbHo AOCTUrHYTHIA 3HAHTUOMEPHbLIA U36BITOK B TECTOBOM
peakuuu — 75 %. MoKasaHa BO3MOMHOCTL NpeABapUTeNLHOR Mo-
andbukauuu Katanusatopa 6e3 noTepu B 3HAHTUOCENEKTUBHOCTH
npouecca rugpupoBaHua.

KnloueBble cnoBa: KaTanusatop, NNaTuHa, 3HAHTMOCENEKTUBHbIN,
ceepxcWuThId nonuctupon, POIC, POA, UK puddysHoro otpaxenus
apcop6uuu CO.

Xabubynuna H.B., BoctpunkuHa A.B., KpacHowTaHoBa A.A.
UccnepoBaHue BNMAHMA coeBbIx U30(hNaBOHOUAOB
Ha KaTaIMTUYECKYIO aKTUBHOCTb pUBOHYKNeasbl U TpUN-

CnocobHOCTb heHONbHBIX COEAUHEHUN NPUPOAHOIO NPOUCXOXKAEHHUA
BAUATL Ha KAaTaNUTUYECKYI0 aKTUBHOCTb PEPMEHTOB U (hepMeHTHbIX
npenapaTtoB NPeACTaBAseT UHTepeC ANA pPa3NUuHbIX oTpacnei npo-
MbILIAEHHOCTU U MefuUuHbl. OfHOW M3 Tpynn noao6HLIX coeAnHe-
HUI ABNSIOTCA W30(NABOHOMABI, B Y3CTHOCTU NOAYYaEMble U3 COU.
B HacToswei paboTe npoaeMOHCTPUMPOBAHO BAUAHUE COEBbIX U30-
¢naBoHOMAOB Ha cTeneHb ruaponusa apoxckesoit PHK naHkpea-
TUYecKoi puBOHYKIIea3oil U KaseWHaTa HATpUA TPUNCUHOM. [oBbI-
weHue 3¢hpeKTUBHOCTM npouecca B NepBoM ciyyae MoxeT ObiTb
MCNONb30BAHO NPWU NPOM3BOACTBE NAaHKpPeaTWYECKOro rupponusata
PHK, cHuxeHWe BO BTOpPOM — B Tex ciy4asnx, rae Heobxoaumo nopas-
NeHue npoTeonusa. Kpome Toro, NoKasaHo, 4To coesble U3onaso-
HOUAbI CNOCO6HbI BCTYNATh BO B3aUMOAEMCTBUE Kak € pepMeHTamu,
TaK W C COOTBETCTBYIOWNUMU CYBCTPaTaMy, a Take OKa3blBaTb BAUA-
HUE Ha TeMnepaTypHbIit U pH-ONTUMYMb! aKTUBHOCTU PUBOHYKNEa3b!
U TpUncuHa. NposefeHHbI B paboTe pacyeT KUHETUHECKNX KOHCTaHT
MOXET CNYKUTb OCHOBOM ANA CO3LAHUA MAaTEMATUYECKOTO ONUCaHUA
npouecca.

KnioueBble cnoBa: akTuBaTophl U UHrMGUTOPLI hepMeHTOB, u3odna-
BOHOWABI, KaTaNUTUYECKan aKTUBHOCTb, PUBOHYKIIea3a, TPUNCHH.

tained systems structure and their testing in a model reaction
of enantioselective hydrogenation ethyl pyruvate whose product,
R-ethyl lactate, can be used as a chiral monomer for biodegrad-
able polymers productions. The obtained catalytic systems were
characterized by XPS, TEM, XRD, diffuse reflectance infrared spec-
troscopy, low-temperature adsorption of nitrogen. The study
found that the formation of Pt(0) nanoparticles begins at thef§
stage of the precursor introducing into the polymer matrix, and
the active phase forming particles have a narrow size distribution
with a maximum near 2 nm. The maximum enantiomeric excess
achieved in the test reaction is 75 %. There is possibility of pre-Jf
modification of the catalyst without loss of enantioselectivity inj§
the hydrogenation process.

Keywords: catalyst, platinum, enantioselective, hypercross-
linked polystyrene, XPS, XRD, diffuse reflectance infrared CO ad-
sorption.

Khabibulina N.V., Vostrilkina A.V., Krasnoshtanova A.A.
Investigation of the effect of soy isoflavones on the cata-
lytic activity of trypsin and ribonuclease............... w13

The ability of naturally occurring phenolic compounds affect on the
catalytic activity of enzymes and enzyme preparations is of interest
to various industries and medicine. One group of such compounds
are the isoflavones, in particular, derived from soybeans. In this pa-
per we demonstrate the influence of soy isoflavones on the degree
of hydrolysis of yeast RNA by pancreatic ribonuclease, and sodium
caseinate by trypsin. Improving the efficiency of the process in the
first case can be used in the production of pancreatic hydrolyzate
of RNA, decreased in the second - in those cases where you want to
suppress proteolysis. In addition, it is shown that soy isoflavones
are able to interact with both enzymes and with the appropriate
substrates, as well as the influence on the temperature and pH op-
tima of activity, ribonuclease and trypsin. Held calculation of the
kinetic constants in the work can serve as a basis foca mathematical
description of the process.

Keywords: activators and inhibitors of enzynres, isoflavones, cata-

lytic activity, ribonuclease, trypsin. -,
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