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2. The influence of additives on the physical-chemical properties of VPO catalysts of the n-pentane oxidation

Pedepar:

1. Incepranis npucBsYeHa BUBYEHHIO BIJIMBY JIOMIlIOK ioHiB MeTaiiB Bi, La, Mo, Te, Fe, W, Zr, Ti, Ag, Ni Ha ¢isuko-
XiMmiyHi ByactruBocTi VPO-KaTanizaTopiB OKMCHEHHs! H-TIeHTaHy. BcTaHOBIEHO, mo moaudikysanHs VPO-
KaTasi3aTopiB IOMIIIKaMu B GiJIbIIOCTI BUMAIKiB He Beie 10 3MiHM (a30Boro ckany 6a30Boi KOMIIO3ULLii, ane
3MiHIO€E TeMIepaTypy KpucTasizalii akTHUBHOTO KOMIIOHEeHTa KaTasidaTopa ¢asu nipodocdary Bananuny (VO)2P207
Ta TEMIIEpaTypy HOro OKUCHeHHs 110 ¢pocdaty Banaauay VOPO4, 1o nNo3UTUBHO BIIJIMBA€ HA YMOBU HOTO
aKTUBYBaHHS Ta CTabilbHOI €KCIlyaTalii. YBeleHi JOMIlIKY 3MiHIOI0Th MOpdoIorito 6a30Boi VPO-komno3uuii i
posmoginexi goma crioco6amu: 1) HAHOIKUCIIEPCHO, PIBHOMIPHO, 2) 3 yTBOPEHHSIM peHTreHoamopdHux das
nomimok. [TokazaHo, mo npomotyBanHs VPO-KaTasizaropa BIIMBAE Ha CTYIiHb OKUCHEHHS BaHAil0 Ta €HEeprilo
3B'3Ky O 1 s-€JIEKTPOHIB, 110 [03BOJISI€ PETYII0BAaTH aKTUBHICTb KaTali3aTopiB. 3alIpONIOHOBAaHA HOBA CXeMa
OKMCHEHHS1 H-TIEHTaHy Ta yTBopeHHs prasnesoro (PA) i maneinoBoro (MA) aHrinpuais. BcTaHOB/IEHO, [0 OCHOBHUM

msixoM yTBopeHHs QA e peakuis [inbca-Anprepa Mk MA Ta HeHacu4eHUM ByriieBogHeM C4. 3arporoHoBaHa



CXEMa OKUCHEHHS H-TIEHTaHY JT03BOJISIE CIIPSIMOBAHO PETYJIIOBATU NPOLIEC OKUCHEHHS H-TIEHTaHy B 6iK yTBOPEHHS
MA a6o ®A mnsxom BBeieHHS B 6a30By VPO-KOMITI03UILi10 JOMIIIOK, SIKi 3MIHIOIOTh CIIiBBiIHOIIEHHS LIeHTPIiB
BpeHcrena ta JIpwica, 10 NifTBEPIKEHO €KCIIEPUMEHTaNIbHO. [T0Ka3aHo, 1110 Ha OCHOBI JaHOI CXeMU OKMCHEHHS H-
IIeHTaHy MOXKHA peasli3yBaTU HOBY TE€XHOJIOTI0 ofiep>kaHHs DA 1pu nomapoBOMy 3aBaHTaKEHHI Pi3HUX 32

KMCJIOTHMMMU BJIACTUBOCTSIMU KaTaJli3aTOPIB, SIKa 4O3BOJISIE MiABUIINUTY BUXiJl LBOTO IIPOLYKTY

2. The dissertation is devoted to the study of influence of additives (Bi, La, Mo, Te, Fe, W, Zr, Ti, Ag, Ni metal ions)
on the physical-chemical properties of VPO catalysts of the n-pentane oxidation. It was established that mainly a
modification of the VPO catalysts by additives does not lead to the change of a phase composition - the
semihydrate vanadyl phosphate (VOHPO4-0,5H20) rests the basic phase, with the exception lanthanum and
molybdenum ions introduction. The introduction of the lanthanum accompanied by VOPO4 phase formation and
molybdenum ions lead to the formation of molybdenum phosphate phase. It was shown that the additives
introduction in VPO composition changes a temperature of the catalyst active component - vanadyl
pyrophosphate phase ((VO)2P207) crystallization and the temperature of its oxidation to the vanadyl phosphate
(VOPO4). It was established the Ti, Bi, Fe ions decrease the values of the first temperature and increase the second
temperature that have positive effect connected with the reduce the activation temperature of VPO catalyst and to
raise the range of its stability work without loss of a selectivity. The introduction of the W, Te, Mo (Mo /V=0,10)
ions in basic composition increases both temperatures that necessary to take in account for the effective
conducting of the activation stage. Other additives decrease both temperatures. This fact must be taken into
account at determination of critical temperature of the catalyst exploitation. It was established that additives
introduced in the basic VPO composition can be distributed by two ways: 1) highly dispersive and evenly (Fe, Te, Ni,
Ag), 2) with formation of X-ray amorphous phase of the additive phosphate (Ti, Bi, La, W, Zr). It was shown that the
additives introduction has any effect on an oxidation state of phosphorus but the oxidation state of vanadium
changed. It was the increase of the P /V ratio on a surface of catalysts was observed after the introduction of
additives and this fact has positive effect on life time of the catalyst. It was established that the introduction of
additives, its nature and content affect on acidic properties of the catalyst surface, namely the namber of acid
centers and ratio of Bronsted and Lewis centres. The study of mechanism of n-pentne transformation by different
methods permits to propose the principle new scheme of the n-pentane oxidation. According this scheme the
activity of the catalyst, connected with proton abstraction from hydrocarbon, determines by effective negative
charge on surface oxygen which can be relative to BE O Is-electrons. It was shown that a main route of the PhA
formation is the Diels-Alder reaction between MA and an unsaturated hydrocarbon C4. So, the ratio of MA and PhA
in products of n-pentane oxidation is determined by the containt of Bronsted and Lewis centres. The increase of
the Lewis acidic centres on the surface of catalyst allows to an increase the PhA selectivity. These established
relations permit to predict the ways of VPO catalyst modification by additives introduction and regulate the
catalytic activity and selectivity to one of anhydride formation. It was proposed the layered loading of two different
catalysts with different acidic properties in catalytic reactor which permits to an increase the PhA selectivity on 6-
10 %.
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