Kamaniz ma nagpmoximisn

IMPABUJIA J1JIAA ABTOPIB

OcHOBHI N10/10:KeHHA

36ipHuk «Karamni3 Ta HadToXiMis» mpHiiMae X0 PO3IIALY CTaTTi, IO He IMyOJiKyBaJMCS paHille, i TeMaTuKa SKHX
BIJIMOBiIa€ MOro OCHOBHHMM HampsMaM: BHUCBITJIEHHsS HarajJbHUX MUTaHb KaTalidy, po3poOka HOBUX KaTali3aTopis,
TEXHOJIOTIYHUX TPOIECiB, aHAT3y (yHIAMCHTAIBHHUX 1 TMPHUKIATHUX AaCIeKTiB cydacHoi HaToXiMii, MOCSTHEHHS
OCHOBHOT'O OPTaHIYHOTO CHHTE3Y Ha OCHOBI BUKOITHO] 1 TOHOBJIFOBAJILHOT CHPOBHUHH.

30ipHuk «Katamis Ta HagTOXiMis» MyOJiKye OIJISIOBI Ta OpHriHAJIbHI HAyKOBI CTaTTi, L0 Y3arajbHIOIOTh
CKCIIEpUMEHTANbHI Ta TEOPETUYHI JOCHIPKCHHS B raly3i Karamizy; 1H(OpMaLilo IOJ0 MPOBEACHUX KOH(epeHIii,
ceMiHapiB; KOPOTKi MOBIJOMJICHHS, SIKi BIAMOBITAIOTh TEMATHIII )KypHAITY.

Jo npyky B 30ipHHKY IPUAMAFOTHCS CTATTi AHIJIIHCHKOK Ta YKPATHCHKOI0 MOBaAMH.

30ipHUK He BHUMarae BiJ aBTopa (-iB) OIUIaTy 3a PO3MIIAA PYKONMCIB 1 IyOjikamito crareif, BCi omyOiikoBaHi
MaTepiaar MOXyTh OyTH IIEpEerysIHyTI Ta KOmiiioBaHi on-line Ha caiiti pemaxiiii (6e3omiarHo) — http://kataliz.org.ua.

Bci crarTi, 10 HAAXOAATH A0 PEIAKIIil, HiUIATAI0Th pelleH3yBaHHIO. PelieH3yBaHHS IPOBOANTHCS KOH(IEHIIHHO.

Ilonanns pykonucy a0 ApPyKy

o penakuii, Ha axpecy catpet20@ukr.net Hagcunaetbes B enekTpoHHoMy BUrIIsai (Gopmar *.docx):

- crarTa 'y Burjsigi 1 ¢aiiay, skuii BKIIOYae MOBHMM TEKCT CTATTI 3 yciMa PUCYHKaMH, TaONHISIMH, CIHCKOM
JiTepaTypu Ta pedepaTaMy; Ha aHIVIIHCHKIN Ta ykpaiHChKiii MoBax. CtaTTs Mae OyTu oopmileHa 3a HIDKYE HaBeICHUMU
MIpaBUIAMH.

- BizomocTi mpo aBTopiB ((hopma npeacraieHa Ha caiiri http://kataliz.org.ua).

VY pasi NpUAHATTS CTaTTI IO JPYKY, A0 PEIakilii HaJCHIIAEThCS IMOIMTOK a00 HamaeTbes ocodmcto Joroip mpo
nepeaavy aBTOPCHLKUX MpPaB, [MiKMcaHnii BciMa aBTopamu crarti, (popma mpeacraeiena Ha caiiti http://kataliz.org.ua).

Anpeca penakimii: BimmoBizameauid cekperap penakmii «Kartamiz ta HadToximis» H.FO. Ximau, Inctutyr
OioopraniuHoi XimMii Ta Hadroximii im. B.IT. Kyxaps HAH Ykpainu, Xapkisceke moce 50, M. Kuie—160, 02160, Ykpaina.

Bumoru 10 ogopmiieHHsI PYKONUCY CTATTI.

Tekct pykonucy Habupaetsest B popmati Microsoft Word 3 Bukopucranssm mpudty Times New Roman wepes 1,0
IHTepBall.

OpienTarist cTOpiHOK — KHIKKOBA. HyMeparlist cTOpiHOK 3HU3Y IPaBOPYY MOYMHAIOYH 3 MEPILO].

Ctpykrypa pykonucy (npuxiag oGOpMIICHHs HaBEICHO HIDKYE):

e imgekc Y]IK (3a cranom Ha 2013 pik) a6o PACS (B ocrauniit pemaxiiii ‘Physics and Astronomy Classification
Scheme 2010°— http://publishing.aip.org/publishing/pacs/pacs-2010-regular-edition);

e  ma3zBa crarTi ( po3mip mpudTy 16, HaIBKUPHHUI)

. iniyianu ma npizeuwe(a) asmopa(ie) (posmip wipugmy 11, naniexcupruii)

*  oghiyilina Hazéa ycmanosu, NoGHA NOWLMOBA adpeca YCMAHOSU, aopeca enekmponnoi nowmu asmopa(-iB)
(po3mip wpugmy 10, kypcus)

*  aunomayis (Ha MOBI opuriHamy craTrti), obcsrom Bim 1800 mo 2000 3HakiB (posmip wpugmy 11, xypcus).
AHOTAaIlis TTOBUHHA BiIoOpaykaTH OCHOBHY METY JOCHIJDKCHHS Ta MiJICyMOBYBaTH HAWOULIBII 3HAYMMIi pe3ysibTaTH 0e3
MOCHJIaHh Ha 1HIN MyOJikamii. AOpeBiaTypH, CKOPOUYEHHs, YMOBHI INO3HAYCHHs, a TaKOX MaTeMaTH4HI (OPMYIH B
aHOTAaIlii He BUKOPHCTOBYIOTb.

*  KkI040Bi citoBa (po3mip mpudTy 11)

*  Tekcr crarti (po3mip mpudTy 11), 110 BKITFOYAE;

Bcemyn (Introduction), ne oxpecieHO MOCTaHOBKY NPOOIEMH, aKTyalbHICTh OOPAHOi TEMH, aHalli3 OCTaHHIX
JOCITi/PKEHb Ta MyOJTiKalii, MeTy i 3aBaHHs poOOTH.

Excnepumenmansna wacmuna (EXperimental), ne onrcano BUXiJHI peareHTH Ta METOJUKH €KCIIEPUMEHTY

Pezynomamu ma ix o6z06openns (Results and Discussion)

Kpecnenns, epaghixu, pucynku BUKOHYIOThCS B rpadiunomy pemaxropi Microsoft Excel,Origin a6o Photoshop i
HAJal0ThCsl B AOCTYMHOMY /ISl penaryBaHHsi ¢opmarti. Pucynku npykyioTs po3mipoMm He Oinmbmie 160200 MM B
TeKcTi cTarTi. SKicTh UmocTpallii mae 3a0e3nedyBaTd iX BigTBopeHHsS 3 posmupeHHsM y 300—600 dpi. Texcr Ha
PHUCYHKaxX IOBHHEH OYTH, IO MOKJIMBOCTI, 3aMiHCHHH IH(paMu abo JiTepamu, sKi po3MHU(pPOBYIOTECS B MIAMICAX 10
Hux. KpuBi HymepyroTbess KypcuBoM Imdpamu abo jiTepamu, SIKi pO3MIM(POBYIOTHCS B MiAmuci 1o pucyHka. Ha
rpadikax OJUHUII BUMIpY BKa3yIOTh Yepe3 Kparky.

Dopmynu HeoOXigHO HaOUpaTH y penaaktopax Gopmyn MatType, ChemDraw, ISIS/Draw abo Microsoft Equation.
Crarti 3 dopMynamu, BIOHCAaHHUMHU Bill pyKH, 0 APYKY He mpuiiMaroThcs. CHMBONM TUMy sin, max, exp, log, lim, 0
(HyNB), Ha3BM XIMIYHUX €JIEMEHTIB HAOUPAIOTHCS NPSIMO, & HE KYPCHBOM.

Tabnuyi ciin opopMIIATH 3 BUKOPUCTAHHAM TabmuaHoro pexakropa MS Word (10 nt) Ta momaBaTé B TEKCTI MiCIIs
MEPIIOro MOCHIaHHS Ha TaONMIO i3 3a3HAYCHHAM ii HOMepy Ta Ha3BU. Tabnumi MOBHMHHI MaTH Ha3BY, KOXKHa Tpada
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TaOJIMI[I — TiA3ar0JIOBOK, 110 BH3HAYa€ 3MICT Trpadu. 3arojoBKH Tpad HEOOXiHO MHCATH TMOBHICTIO HAIMIBKUPHUM
mpudTom, 6€3 CKOPOUYCHB, 13 3a3HAYCHHSAM OJUHHUIL BUMIpYy. B TaOmuIpsix tpeba po3MillyBaTy JHUIIE 3MiHHI BETUYUHH,
MOCTIHI YMOBHU EKCIIEPHMEHTIB HABOJSTHCSA B TEKCTI a00 3aroioBKy TaOmumi B aykkax. [IpumiTku mo Tadmuii
JPYKYIOThCsl O€310CepeaHbO Mics Hel. SIKI0 pyKOIHC MICTUTH OJHY TaOJIHI0, TO BOHA HE HYMEPY€EThCS.

Bucnoexu (Conclusions), ne mizaBemeHo MijCyMKH poOOTH Ta MEPCHEKTHBH MOMANBIINX JOCIIUKEHD Y IIBOMY
Hanpsmi

Ioosaxa (Acknowledgements) 3a gomomory y po6oTi a6o (iHaHCOBY MATPUMKY (32 HEOOXITHOCTI).

Jlimepamypa (References). Ilpuknaan opopmiIeHHs IJ1s CTaTell Ha aHTIIHCHKIN 1 yKpaiHCBKiil MOBax HaBelIEeHO
HIDKYE.

Pechepam (Abstract) na anriilichkii (KO MOBa OpHUTriHANY CTAaTTi yKpaiHChbKa) abo YKpaiHCBKiH (SKIIO MOBa
OpHUTIHAIYy CTATTi aHTJIIHChKa) MOBaxX Ma€e OyTH NPEJCTABIICHUI HA OKPEMil CTOPIHIN I TTOBUHEH BKJIFOYATH:

e  Has3By cTarTi (po3mip mpudTy 14 HaMiBKUPHHMIA, )

e  iminianu Ta mpizBuiie(a) aBropa (iB) (po3mip wpudty 11 HamiBxupHUil,);

e  o(imiliHy Ha3Ba yCTAaHOBH 3 IOBHOIO ITOIITOBOIO aAPECOI0 Ta aapecaMu eIEKTPOHHOI HoIITH aBTopa(-iB) (po3mip
wpudry 10,xypcus);

e  anoramito obcsirom Bix 1800 mo 2000 3uakiB (po3mip mpudTy 11)

e KIHOYOBI cioBa (po3mip mpupTy 11)
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Mechanochemistry as advanced methodology in green chemistry for
applied catalysis
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In this survey we have assessed how mechanochemistry techniques comply with the aims of Green Chemistry to
minimise the use of environmentally damaging reactants and unwanted by-products. In the publications the preparation of
vanadium-phosphorus oxides as industrial catalysts for maleic anhydride production from n-butane and perspective catalysts
of phthalic anhydride manufacture by direct n-pentane oxidation were analyzed. It is shown that mechanochemical activation
and synthesis reduces the amount of harmful waste used in the production of the catalyst and increases its effectiveness.
Improvement of a catalyst’s properties, help limit production of harmful emissions such as carbon oxides and hydrocarbons. It
was established that mechanochemical treatment can by successfully used in the process of industrial vanadium-phosphorus
oxide catalysts modification or in the process of introduction in its composition of additives which lead to increase of activity
and selectivity of hydrocarbons oxidation. The possibility of the mechanochemistry use in the vanadium-titanium oxide
catalysts preparation which are the base catalysts in industrial phthalic anhydride production from o-xylene was determined.
It was established that mechanochemical treatment of the vanadium and titanium oxides mixture permits to delete the nitrogen
oxides emission in atmosphere and prepared catalysts demonstrate the same phthalic anhydride yield but at low reraction
temperature. Catalysts, manufactured by mechanochemical treatment (on the base of molybdenum oxide), provide new
techniques for producing compounds as exemplified by the direct oxidation of benzene to form phenol which can replace
industrial two-step process from cumene or proposed process of benzene oxidation by N,O. Mechanochemistry treatment
could produce catalysts which eliminated the need to use highly toxic nitrogen oxides as reducing agents. The article describes
activating Cu-Ce-O catalysts which reduce the temperature of the process for removing carbon monoxide from exhaust gases
and as a method for purifying hydrogen u sed in fuel cells. Finally, there is a description of mechanochemically treated
catalysts, containing metals and supported on stainless steel supports which are used to remove aromatic hydrocarbons from
water sewers. (Ourbme 1800 3HaKiB)

Keywords: greenchemistry, catalysis, oxidecatalysts, mechanochemistry

Introduction

Catalysis is crucially important to the economies of the developed world as shown by the following data. The cost of
catalyst manufacture in the USA in 1992 for the fuel and chemical industry was estimated to be US$ 1.5 billion dollars
compare this with value of the products manufactured using catalysts which is approximately 600 times greater (US$ 890
billion dollars) [1].....

Experimental
Catalyst preparation and characterization methods

Mechanochemical treatment was provided using two different high-energy laboratory planetary mills:...

Results and Discussion
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The industrial process for manufacturing maleic anhydride is based on the oxidation of n-butane in the presence of
vanadium-phosphorus oxide (VPO) catalysts different compositions but the base of these catalysts is the composition which
contents vanadium and phosphorus oxides with atomic ratio V/P near ...

Table 1. Properties of V>Os after mechanochemical treatment under different conditions

V205 Medium/time, BET, XRD, XPS data
sample min m?/g lo10/l110 BEV 2psp, eV \Vau\Viu
ratio

I Initial sample 4.1 11 517.8 - 0.0
A Air/30 19.2 0.8 517.7 516.4 0.10
E-1 Ethanol/20 8.0 4.1 517.9 516.5 0.13
E-2 Ethanol/30 8.2 4.2 517.6 516.1 0.37
W-1 Water/20 27.0 2.1 517.8 516.4 0.04
W-2 Water/30 16 * 517.6 516.2 041

* VO, reflexes were only observed

a
Fig.1. The samples of VPO catalysts prepared by traditional () and modified (b) methods.
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Fig. 6. Dependence of CO (a) and CsHs (b) conversion on Cu-Ce-O catalysts from reaction temperature: 1 — initial,
2—MChA inwater, 3—dry MChA, 4 —MChA in ethanol.
Conclusions

In this review of our work we have attempted to show how mechanochemistry techniques contribute to the principle
of “Green Chemistry™.....
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MexaHoxiMisl K IepCIIeKTHBHA METO/10JIOTis1 3eJIeHOI XiMil 115l IPOMHUCIOBHX
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B nmanoMy ormisizii mokazaHo, SIKk MeXaHOXiMidHa 0OpoOKa Moke OyTH BKJTFOUEHA JI0 TEXHOJIOTIH 3eJIeHO1 XiMii, 110
TIOB’SI3aHO 3 3HMKCHHSIM BUKOPUCTAHHS HEOC3IIEUHUX BHXiJHUX PEYOBHH Ta YTBOPEHHS CYIYTHHX MpOAYKTiB. B poboTi
MPOAHATI30BaHO TPHTOTYBAaHHSI OKCHIHMX BaHafii (ocdopHHX KaTaizaTopis, siki BAKOPUCTOBYIOTH B HPOMHCIOBOMY
TIpOIIeci oflepyKaHHS MaJIEIHOBOTO aHTIIPUAY 3 H-OyTaHy Ta pPO3IIBIIAOTh IEpPCIEKTHBHICT iX BUKOPHUCTAHHSA B PEaKIIil
oJlep>KaHHsI (PTaIeBOro aHTiApHAy 3 H-TieHTaHy. | loka3zaHo, 1o MexaHOXiMiYHa aKTHBAIIS BUXiTHAX PEAreHTIB TS CHHTE3Y
KarajlizaTopiB 3HIKYE KUIBKICTh IIKIJJIMBHX PEYOBMH B iX BHPOOHHMIITBI Ta MiZBHIIYE iX KATAIITHYHI MOKA3HHUKHU.
[TinBHIIIEHHST CEIEKTUBHOCTI KaTali3aTOPiB BEJIE J0 3HIKCHHS YTBOPSHHS OKCHJIIB BYIVICIIFO, @ ITi/IBUIIICHHS AKTUBHOCTI —
JI0 3MEHIIICHHSI KUTBKOCTI HeMpopearoBaHol PeYOBUHH B BUXIJIHHX razax nporecy Karamizy. [lokasaHo, 1o MexaHoXiMidHa
00poOKka Moxke OyTH TaKko)K YCHIITHO BHKOPHCTaHA Ui MOMU(IKYBaHHS BiJOMHX TPOMHCIIOBUX OKCHIHHX BaHAii
(ocopHIx KaTamizaTopiB, a00 BBENEHHA A0 iX CKIAMy AOMIMIOK SIKi IMiIBHUINYIOTh aKTUBHICTH Ta CEJIEKTHBHICTH B
OKHCHEHHI BYTJICBOIHIB. PO3IIIHYTO MOKIIMBICTS BUKOPHUCTAHHS MEXaHOXIMIi IO CHHTE3y OKCHIHMX BaHAIiH THTAHOBUX
KaTaJli3aTopiB, Ha SIKUX 0a3yeThCs ChOTOMHI IPOMHCIIOBHIA TIPOLICC ONCPYKaHHSA (DTANICBOTO aHTIAPHUIY 3 O-KCHIIONY.
BcraHopeHo, 1110 MexaHOXiMiuHa 00poOKa OKCHJIIB BaHAJIIO Ta TUTaHY JI03BOJISIE BUKIFOYMTH BHKHIW OKCHJIIB a30Ty B
TIPOIIECi CHHTE3y Karali3aTopa, CHHTE30BaHI KATali3aTOpH JIO3BOJIIFOTH OJIEpKaTH TaKWi camMuil BHXiI (hTaneBoro
AHTIIPUITY, IO BiJIOMI IIPOMHUCIIOBI 3pa3KH, ayie MpU TeMIleparypi peakilii 3HauyHo Hrnkdvid. [lokazaHo, o MexaHOXiMist
JI03BOJISIE CHHTE3yBaTH KaTA3aToOpU JUIsI HOBHX TIPOLIECIB, HANPHKIIAN OACpXKAHHS (PEHONy OKHUCHEHHSM OEH30ITy
MOJICKYJISIPHUM KHCHEM (B TIPUCYTHOCTI KaTalli3aToOpiB HAa OCHOBI OKCHTy MOIiOzieHy). B pe3yibrari , BUHUKaE MOKITUBICTD
3aMiHMTH TPOMMCIIOBHI JIBOCTA [IHHUMKYMOJIBHUI TPOIEC a00 KOHKYPYBAaTH 3 MPOIMOHYEMHM IPOIIECOM OKHUCHEHHS
Oemsommy okcuaoM azoty N>O. Ilokazano, mo mexaHoximiuda aktuBaris Cu-Ce-O karamizaropa JO3BOJSIE 3HVBUTH
Temneparypy okucHeHHs CO B BUXIIHUX Tra3ax Ta Ied KaTani3atop Moyke OyTH BUKOPHUCTAHHI TSl OYMIIICHHS BOJTHIO BiJ
MOHOOKCHJIy BYIJIEIFO JUIS MOTO TMOJANIBIION0 BUKOPHCTAHHS B TAJIMBHHUX KOMipKaxX. TakoK IMPOJEMOHCTPOBAHO, IO
BUKOPUCTAHHS OKCHJIHMX KaTami3aTopiB, Kpalle HAHECCHHX Ha MeTalliYHi HOCIl, JO03BOJSIE pealizyBaTd MeEXaHo-
KaTaJIITHYHE OKUCHEHHS aPOMATUYHUX BYTJICBO/IHIB B BOJHHMX CTOKAX.

Kiouoei cnoea : 3eneHa Ximisi, Katajti3, OKCHIHI KaTaTi3aTOpH, MEXaHOXIMist



