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CywmicHa aig metaieBux MikpoyactuHok Co, Mn Ta
N-rizpokcudraaimiay B piIkopazoBoMy OKUCHEHHI KYMOJTY

IIpedcmasneno unenom-xopecnondenmom HAH Yxpainu P.€. [aduuescoxum

Jocridxceno diro memanesux mixpouacmunox Co i Mn (CoMP ma MnMP) y npoueci iniyiiiosanozo azooiizobymu-
DOHIMPULOM PAOUKATBHO-TAHYI0208020 OKUCHEHHS. KYMOY MOJCKYIAPHUM KUCHEM Y PO3UUHI auemonimpuny. Bu-
6110 30LIbUEHHS WEUOKOCMI peakyil Y pasi euxopucmanus cymiwi kamanizamopie N-ziopoxcugpmanrimioy ma
MeMP. Kamanximuuna diss CoMP i MnMP nosicuroemocs ix yuacmio y cmaoii iniyito8ans npoyecy OKUCHEHHS.

Kmouosi crosa: paduxanvio-naniyiozose okucuenns, xamaiis, mikpouacmunxu Co i Mn, N-ziopoxcugpmanimio,
MONEeKYNAPHULL KUCEHD.

OKuCHEHHS KYMOJY /10 Ti[POTIEPOKCUIY € BasKJIUBUM ITPOMUCIOBUM TipoitecoMm [1]. ¥V fioro oc-
HOBI JIE)KUTh PiZIKoha3zoBe OKMCHEHHS MOJEKYJSIpPHUM KucHeM. J[Jis katanizy TakuxX TpOoIeciB
IMUPOKO BUKOPUCTOBYIOTH coJli niepexifuux metamis [2]. Iliciag BusBieHHs edeKTUBHOI KaTa-
JiTgHOI fii ripokcniMizis [3], 3okpema N-rixpokcudramimiay (NHPI), y mporecax okucHeHHS
JOCJIIZKEHHST B IIbOMY HANPSIMKY CTaJi 0COOIMBO iHTeHCUBHIMU [4—6]. AepoOHe OKUCHEHHS
QJIKIJIAPEeHIB 3 BUKOPUCTAHHSM TIIPOKCUIMIJIIB A€ MOKJMBICTh MPOBECTU TIPOTIEC 32 M IKUX
YMOB 3 BUIIUMU, HIK Yy TPAAUIINHUX TEXHOJIOTISIX, KOHBEPCIEIO Ta CEJIEKTUBHICTIO, 1[0 BUPIIITYE
iU KOMILIEKC IIPoOJIeM y CTBOPEHHI Pecypco-, IIPUPOI0- Ta eHepro3depiraioyux TexXHo-
soriit. OcobnBoO eeKTUBHUME B KaTajidi aepoOHOTO OKUCHEHHS BUSBUJIKCS OiHAPHI CHCTEMU
NHPI — cinb nepexignoro merany [7]. Bognouac moxauBicts Bukopucranns meranis (Me') y
KaTaJli3i peakiiil piikohazoBOTO OKMCHEHHS BUBUYEHO HEJOCTATHBO [8, 9], X0u KaTamiTHyHa Jid
iX MATBEpKEeHA.
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KineTnuni KpuBi OKUCHEHHS KYMOJTY st cucteM, 1o Mictsith COMP (a) i MnMP (6) (ckaan peakiiiiHoi cy-
Milli BiIIOBIZIa€ HOMEPY A0CIiLy B TabJwILi)

Mertoto focripkeHb 6y10 BUBYEHHS KaTaliTHIHOI /i MetaseBux Mikpodacturok Co i Mn y
peaxilii OKHCHEHHS KYMOJIY MOJIEKYJIIPHUM KUCHEM.

Jlist mocitipkeHb BUKOpUCTOBYBaM KymoJ, X.4.a. (“Sigma-Aldrich”); aneronitpunr (ACN),
x.u.a. (“Lab-Scan”); NHPI, x.u. (“Sigma-Aldrich”); asoaiiso6yruponitpun (AIBN), x.u.a.
(“Sigma-Aldrich”); mixkpouacturku Co i Mn (“Merck ), cepenniii poamip 1—10 MKM, BMicT oc-
HOBHOTO KoMIToHeHTa 99,99 % (mac.).

Kinetuky mnpoiiecy oKMCHEHHS JOCIIKYBJIN 32 MTOTJIMHAHHAM KUCHIO F'a30BOJIOMOMETPUY-
HO [10]. KizpKicTh TOTJIMHYTOTO KUCHIO BUMIPIOBAJIN IIPU MOCTilHIN TemmepaTypi — 70 °C i mo-
CTIHHOMY TapIliaTbHOMY TUCKY KUCHIO — 760 MM pT. CT. 3a KiHETUYHUMU KPUBUMHU TpadivHO
BU3HAYaJIM MAaKCUMaJIbHY IIBU/IKICTH IIPOIleCY OKMCHEHHS (pUCyHOK). BumipioBanHs 3/ilicHIOBa-
JI Tak: y peakTop 00’eMom 5 mut omitanu 2 i posunHy Ta 0,01 r MiKpOYaCcTUHOK, TTiCJIsT 490TO
3aITOBHIOBAJIM HOTO KHCHEM. YacTOTy CTPYIIyBaHHS PeaKTOpa BUOMPAJHN B Tiil 001acTi, 1€ TBUjI-
KiCTb peakiiii nepecTae 3ajexkaTh Bijl 4acTOTU. PeakTop TepMocTaTyBaly NPOTIATOM 4 XB, MiCJs
YOTO PEECTPyBaU 00’'€M TIOTIIMHYTOTO KUCHIO.

[IBuaKicTH TIPOIIECY iHIIIHOBAHOTO OKUCHEHHST KyMoJiy y pa3i moxaBanust NHPI 36imbrry-
€Tbest B 3—4 pasu (PUCYHOK, TabuIs) TOPIBHSHO 3 cucteMoro 6e3 NHPI, 1o nos’s:3yerbes 3

IIBuaKicTH OKMCHEHHSI KyMOJIY B PO34HHI alle TOHITPUITY
3 ix 06’ eMHuM criBBiHomeHHsM 1:1, remneparypa 70 °C, Tuck kucHio 760 MM pT. CT.

Howmep [AIBN], [NHPI], [CoMP], [MnMP], w107, W, 103,
Jocainy MoJtb/71 ! MOJIb/J1 r/T r/T MOJIb/(J1 - ) MOJIb/(J1 - €)
1 0,02 — — — 1,9
2 0,02 0,02 — — 7,6
3 0,02 — 0,005 — 2,2
4 0,02 — — 0,005 3,0
5 0,02 0,02 0,005 - 8,8 8,8
6 0,02 0,02 — 0,005 10 12
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HOTO KaTaliTUYHOIO POJLTIO B TpooBkenHi aniiora [11, 12]. lonasanus 0,5 % (mac.) mikpodac-
oK Co i Mn 0 cucrem, sxi mictsatb AIBN abo AIBN + NHPI, cipuunnioe 36i/1bIeHHS IBU/I-
KocTi okucHeHHd B 1,2—1,6 pasa.

[MponykT peakilii — rifipONEPOKCH]] KyMOJy, BU3HAYATIU MOJOMETPUYHUM TUTPYBAHHIM
OKCH/IaTiB. 3iCTaBJIeHHS KIJIBKOCTI BIITUTPOBAHOTO TiIPONEPOKCUAY 1 KiJIBKOCTI MOTJIIMHYTOTO
KHUCHIO 1T0Ka3aJ10, 10 BiH € OCHOBHUM ITPOTyKTOM.

Y 11bOMY BHIIAJIKY 32 OCHOBY MEXaHi3My mepebiry peakxilii MosKHa B3SITH CXeMY PaUuKaIbHO-
JIaHITIOTOBOTO OKMCcHeHHd asikisapeHiB (RH). 3a nagBrHocTi B cuctemi e iniiatopa AIBN
(mosnaummo fioro N = Nr, ne r — (CH;),(CN)C ) Bona maTumMe TaKuii BUTJISL

r-N=N-r — 21+ N,, W,
r*+0,—r00s,
rO0O*+ RH - rOOH + R®,

R*+ O, — ROO®, k,
ROO*+ HR —- ROOH + R, kp
ROO* + ROO*®* — HepaiuKaJibHI TPOJYKTH. k,

Y Bunanky nomaBanHsg B cucteMy 3 iHimiaropom NHPI mie sk kaTasizatop, 110 TPpUCKOPIOE
crazifo pocry saniora [5, 6, 9], ockinbku okucHeHnHs BigOyBaeTbest mo C—H 3B's13Kax asikina-
penis. Moro Brcoka eeKTUBHICTb B PaNKaIbHO-JAHIIIOTOBUX IPOIEcax 06yMOBJIEHA JIErKiCTIO
yTBOpeHHd (pranimin-N-okcusbHOro pajgukaia (PINO), skuii € aktuBHOI0O hOpMOIO KaTtasiizatopa
B nipoiiecax 3a yuyacti NHPI.

NIHPI PINO

PeaKHiﬁHa SZIaTHiCTb paarKaia BU3HA4YaA€ H_IBI/IZIKiCTb PaANKaJIbHO-JIAHI[IOTOBUX TIEPETBOPEHD, BILIIN-
BA€ Ha CeJIeKTUBHICTD 1porieciB. Toi 710 BUllleHaBeIeHOT CXeMU JI0JIAl0ThCS TaKi JIBi PeakIii:

NHPI + ROO* — PINO* + ROOH, k,
PINO*® + RH — NHPI + R, by

PiBastHHSA /1715 3araTbHOT IMTBUAKOCTI TOTJIMHAHHA KUCHIO 32 HAsIBHOCTI Jintiie iHimiaTopa AIBN
(W 1pn) MaTume Burasiz [13]:

Wipx =k, (2k) V2 [RH] W, g '/

ne W, gy — IBUAKiCTS ininioBanns 3a nagsnocti fo6asku AIBN.
HTBuakicts peakiii 3a HasiBrocti MeMP ta AIBN (W \ip A1gy) OITHCYETHCS PIBHIHHSM

_ 1/2 1/2
WMeMP, AIBN — WiMeMP, AIBN / Waisn/ Wi amsn 2,

ne W, MeMP, AIBN — IIBHKICTD IHIIIIOBAHHS B CHCTEM 3 AIBN ta MeMP.
Jlog cucremu, mo mictuts NHPI, AIBN ta MeM P, MmatumeMo piBHSTHHS
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Witenmp, ateN, Nipr = { kp(th)71/2[RH] + kf(th)fi/z[NHPI] Y W, Memp, atey, upr -

Sxrmo mikpoyactuaku MeMP 6epyTh ydacTb Jiuiie B iHIiI[iFOBaHHi, TO JJIST IBUKOCTI OKHC-
HeHHST (Wyovp, a1eN, NHPL) OTPEMAEMO

WMeMP, AIBN,NHPI — WNHPI, AIBN WMeMR AIBN/ WAIBN‘

OG6umcieHa 3a MM PIBHSHHSAM IIBUAKICTh OKMCHEHHSI 32 HAsIBHOCTI B CHCTEMI BCiX TPHOX JIO-
0aBOK HaBeIeHO B TaOJUII SIK W K 6aunMo, 3HAYEHHST 0OYKCIIEHO 1 eKCIIepUMEHTAIbHO
BUMIPSAHOI MBUAKOCTI okucHenns s Co s30iraiorbes, aag Mn o6unc/ieHa IMBUAKICTD € Jeo
6istbiioro. ToOTO 3pOCTaHHS MBUAKOCTI TOSICHIOETHCS YYaCTIO MIKPOYACTUHOK Y peakiiii iHiIri-
IOBaHHS.

AHarizytoun MexaHi3M KaTasi3y, MOKHA PO3TJISIaTH MOKIMBICTD aicopoItii riIpoepoKCHLy
Ha moBepxHi, Hanpukag, CoMP i mogasibinoro poasiiernieHHs 3a peakifieio @eHTOHa, 1110 TIPUBO-
JATh 710 TiosiBu pajgukaiie RO® i HO®:

CoMP + ROOH — CoMP + RO* + HO".

Y Haiomy BUIAIKY, TOOTO 32 YMOB IIPOIECY OKUCHEHHS Ha CAMOMY MTOYATKY, TIPU HU3bKUX
CTyTIEHIX TIePeTBOPEHHS, MOJKHA OUiKYBaTH, 1110 BHECOK ITi€l peakilii 3a HasIBHOCTI e(heKTUBHOTO
inimiaropa AIBN Oyzie HeBeIMKUM Yepe3 HU3bKy KoHienTpaiiio ROOH.

TakuM YMHOM, BUSIBJIEHO KaTaJITUYHY /10 MeTajseBux MikpouactuHok Co ta Mn, sie ocHOBY
cknagaoTh atomu Merany (Me?), B nporeci ininiiioBanoro pigxoa3oBOro OKUCHEHHSI KyMOJLY.
3HavHy KaTaJiTHYHY aKTUBHICTh BUSIBJISIE CHICTEMA 3 KOMOIHAIII€10 KaTasIi3aTopiB MiKpOYaCTHH-
ku MetaniB — NHPI. BaxxnuBo 3aznaunTu, 1o B 11iif epeKTUBHIN KaTaTITHYHIN CUCTEMI OKpeMi
KaTaai3aTopu Ail0Th y Pi3HUX CTlisIX pajiuKaiabHo-anIiorosoro npoiecy: NHPI — y crazii npo-
JIOBKEHHS JIaHII0Ta, 2 MeTajeBi MiKpOUaCTUHKYM — Yy cTa/lil inititoBanns. [le gae HOBI MOKIUBOC-
Ti JIJIS1 PEryJIIOBAHHST IBU/IKOCTI Ta CEJIEKTUBHOCTI ITPOTIECY OKMCHEHHST OPraHiyHIX cyOCTpaTiB.
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COBMECTHOE JEMCTBUE METAJIJIMYECKNX
MUKPOYACTUIL Co, Mn I N-TUJIPOKCUDTAIIIMUIA
B JKUJKOD®ASHOM OKNCJIEHNU KYMOJIA

Wccnenosano peiictsue Metanmnuecknx mukpodactuil Co u Mn (CoMP u MnMP) B nipotiecce nHuimupoBas-
HOTO a30AMM300yTHPOHUTPUIIOM PAJANKATBHO-I[EITHOTO OKUCIEHUS KyMOJIa MOJIEKYJISPHBIM KUCJIOPOIOM B Pa-
CTBOpE alleTOHUTPUIIA. BBISIBJIEHO yBeMueHne CKOPOCTU Peakiluy B cydae 106aBIeHNsT CMECH KaTalu3aTopOB
N-rugpoxcudramavugaa u MeMP. Katamutuueckoe neiictsiie CoMP u MnMP o6bsicHsIeTCst UX y4acTHEM B CTa-
JIUY MHUITMUPOBAHUS 1TPOIIECCa OKUCTEHMUS.

Kmouesvte crosa: paduxanwio-uyennoe okucienue, kamamus, muxkpouacmuupt Co u Mn, N-zudpoxcugpmanumuo,
MOLEKYAAPHBLLL KUCIOPOO.
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THE COACTION OF METALLIC
Co AND Mn MICROPARTICLES AND N-HYDROXYPHTHALIMIDE
IN THE LIQUID-PHASE OXIDATION OF CUMENE

The action of metallic microparticles Co and Mn (CoMP and MnMP) in the process of radical-chain oxidation
of cumene initiated with azobisisobutyronitrile by molecular oxygen in a solution of acetonitrile is investigated.
A growth of the reaction rate in the case of adding the catalyst mixture of N-hydroxyphthalimide and MeMP is
found. It is shown that the catalytic effect of CoMP and MnMP may be explained by their participation in the
initiation stage of oxidation.

Keywords: radical chain oxidation catalysis, Co and Mn microparticles, N-hydroxyphthalimide, molecular oxygen.
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