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2. Fundamentals of Aromatic Aldehydes Oxidation Technology on Microgel Catalysts

Pedepar:

1. luceprariito npucBsIi9€HO PO3pOOI1Ii TeXHOJIOTIi reTepoda3zHOTro OKMCHEHHS] aDOMAaTUYHUX aJblIEeTifiB Ha
MiKporejieBUX Se-BMiCHUX KaTasizaTopax. MeTow € OTpMMaHHS apOMaTUYHUX KUCJIOT i (EHOJIPHUX CIIONYK,
30KpeMa 6€H30MHOI KUCJIOTH, KA € aKTyaJIbHOIO AJIs1 Cy4aCHOI IIPOMUCIIOBOCTI. SIK CHPOBUHY BUKOPMCTaHO
IOCTYIIHI IPOAYKTU — G€H3aJbAEri] i eEpOKCU BOIHIO. Po60oTa Bupilllye Npo6ieMy CTBOPEHHS e(PEeKTUBHUX
MbK(asHuX KaTasi3aTopis, 30aTHUX CTabiIi3yBaTy eMyJibCii, aKTUBHUX Y CUCTEMI «BOJIA—0JIis1» Ta IPUIATHUX 1O
6araTopasoBOro BUKOpPUCTaHHs. [IpoBenieHo orsg, iTepaTypH, CPOPMYIbOBAaHO METY Ta 3aBJAHHS JOCJIiI)KEHHS.
OG6I'PyHTOBAHO IlepeBaru rerepodasHoro Migxoay, 30Kpema CIpoLeHHS! OYULIEeHHS TPOoAyKTiB. OCHOBHUM 6ap'epomM
BIIPOBA/P)KEHHSI € HU3bKA aKTUBHICTb TPAAULINHNX MIK(a3HUX KaTali3aTopiB, TOMY 3alIpOIIOHOBAHO BUKOPUCTAHHS
MikporeJieBux cucteMm. ONMCaHO METOIMKYU CUHTE3Y Se-BMICHUX MIKpOreiB, ix (pi3snko-XiMiuHi XapaKTepUCTUKY
(TEM, FTIR, paman-cnekrpockornis, DLS, koH(oKaibHa MiKPOCKOIIis, TEH3i0METPisl) Ta NOCiIKEHHS iX
KaTaJiTUYHUX BJIACTUBOCTEN y peakTopi nepioguyHoi aii (GC, GC-MS, NMR, FTIR). KaTtanizatopu e(peKkTuBHi 3a

M'SIKUX YMOB (20-500°C), 3a6e31e4yioTh ceNeKTUBHICTb 96,6-98,70% i Buxin nposykTis 85-970%. [xHs akTUBHICTH



MIOSICHIOETLCS HAABHICTIO MTOJIIMEPHOrO HOCIA 3 Se-TpynaMu, 3IaTHOrO 3MIHIOBAaTU CBOI BJIACTMBOCTI ITif] BIZIMBOM
TeMrepaTypu. BctaHoBsIeHO BIIMB MOp@doJIorii ¥ BMiCTy CcejleHYy Ha aKTUBHICTb MiKpOresIiB. 3aBIsIKy KOJIOiIHIN
IIPUPO/Ii BOHU PiBHOMIPHO PO3IOAiNSIOTHCS Ha MeXi (a3 i 3a6e31edyioTh JoOpUil KOHTAKT peareHTiB 3 akTUBHUMU
neHTpamu. [TpoaHasni3oBaHO BIIMB TEXHOJIOTIYHMX IapaMeTpiB (TeMIlepaTypa, Yyac, CIiBBiIHOIEHHS] PO3YMHHUKA
1o Bogu). [Ipu cniiBBimHOWEHHI TOJy0s/Bojia 4:1 mocsarayTo 970% Buxony 6€H30MHOI KUCIOTH (CEJIEKTUBHICTD
98,60%), npu 1:1 — 850% (cenekTUBHICTb 97,70%) 3 MEHIIMMY BUTPaTaMU pO3YMHHUKA. BusiBieHo, 1o Bubip
OpraHiuHOro pO3UYMHHMKA BIUIMBAE Ha CKJaj IPOAYKTiB, 30KpeMa CUHTE30BaHO OKTUJI6€H30aT 3 BUXOJ oM 23,30%.
JocinKeHo OKMCHEHHS 6€H30MHOr0, aHiCOBOTO, BEPaTPOBOI0 Ta KOPMYHOTO ajbAerifiB. OTpUMAaHO: — 3 KOPUYHOTO
- 11,60% kopu4HOi KUCn0TH, 36,40% TiIPOKYMapuHy; — 3 aHicOBOTro - 18,00% aHicoBOI KMCNIOTH, 42,20% MexiHOJy; — 3
BepaTpoBoro - 8,60% BepaTpoBoi KUCJIOTH, 51,50% 3,4-numMeTokcudeHosy. PesynbraTy ninTBepaKyoTh €(PEKTUBHICTD
MIKpOTeJIiB y CUHTe3i MINPOKOro CIeKTpa OpraHiYHMUX CIojykK. KatanisaTopu j1erko BiloOKPEMIIOIOTECS Ta MOXKYTh
OyTH BUKOPHUCTaHi MOBTOPHO. [1iciig TpbOX LMKIIIB 3HMKEHHS BUXOIY 6€H30MHOI KUCIOTH CTAaHOBUJIO e 30%.
CTBOpEHO OCHOBM T€XHOJIOTii CHHTE3y apOMaTUYHUX KUCJIOT i PEHOTIBHUX CIIOJIYK Y reTepodasHOMY CEepPeIOBUILL.
Po3p0o6s1€HO TEXHOJIOTIYHI CXeMHU CUHTE3y O€H30IHOI KUCJIOTH (BUXif, 76,60%, cenekTuBHICTb 97,10%) i cymicHoro
ozlep>KaHHSI aHiCOBOI KUCIO0TH (33,50%) i MexiHouy (42,40%).

2. The dissertation is devoted to the development of a technology for the heterophase oxidation of aromatic
aldehydes using microgel-based selenium-containing (Se-containing) catalysts. The aim is to obtain aromatic acids
and phenolic compounds, particularly benzoic acid, which is highly relevant for modern industry. Readily available
substances - benzaldehyde and hydrogen peroxide — were used as raw materials. The work addresses the
challenge of creating efficient interfacial catalysts capable of stabilizing emulsions, active in a “water-oil” system,
and suitable for repeated use. A literature review was conducted, and the purpose and objectives of the research
were formulated. The advantages of the heterophase approach were substantiated, especially in simplifying
product purification. The main barrier to implementation is the low activity of traditional interfacial catalysts,
which is why microgel systems were proposed. The methodologies for synthesizing Se-containing microgels, their
physicochemical characterization (TEM, FTIR, Raman spectroscopy, DLS, confocal microscopy, tensiometry), and
their catalytic performance in a batch reactor (GC, GC-MS, NMR, FTIR) are described. The catalysts are effective
under mild conditions (20-500°C), providing 96.6-98.7% selectivity and 85-97% product yield. Their activity is
attributed to the polymer carrier with Se-groups, which can alter its properties in response to temperature. The
influence of morphology and selenium content on the catalytic performance of the microgels was established. Due
to their colloidal nature, the microgels distribute evenly at the phase boundary, ensuring good contact between
reagents and active centers. The effect of process parameters (temperature, time, solvent-to-water ratio) was
analyzed. A toluene /water ratio of 4:1 resulted in a 97% yield of benzoic acid (98.6% selectivity), while a 1:1 ratio
gave an 85% yield (97.7% selectivity) with lower solvent consumption. It was found that the choice of organic
solvent affects the product composition, including the formation of octyl benzoate with a yield of 23.3%. The
oxidation of benzoic, anisic, veratric, and cinnamic aldehydes was studied. The results were: - from cinnamic
aldehyde: 11.6% cinnamic acid, 36.4% hydrocoumarin; - from anisic aldehyde: 18.0% anisic acid, 42.2% mequinol; -
from veratric aldehyde: 8.6% veratric acid, 51.5% 3,4-dimethoxyphenol. The results confirm the effectiveness of
the microgels in synthesizing a wide range of organic compounds. The catalysts are easily separable and reusable.
After three oxidation cycles, the yield of benzoic acid decreased by only 3%, indicating high stability. The
foundations of a technology for the synthesis of aromatic acids and phenolic compounds in a heterophase medium
have been established. Process flow diagrams were developed for the synthesis of benzoic acid (yield 76.6%,
selectivity 97.1%) and the joint production of anisic acid (33.5%) and mequinol (42.4%).
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