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KuiBchkuii HallioHANBHUM YHIBEPCUTET TEXHOJIOTIN Ta AU3aliHy, YKpaiHa

JTOCJIIUKEHHS PEAKIII OKUCHEHHS
BEH3UILIEHJIALETATY O30HOM Y PO3UMHI
AIETATHOT'O AHTIIPUIY

Mema. Busuumu xinemuxy peaxyii okucnenHsa benunioendiayemamy 030HOM OJisl 3 SICYBAHHS Y MO8,
3a AKUX arvoezio 6yoe empavamu CXuibHiCmb 00 NOOAILUIO2Z0 OKUCHEHHSL | Nepemeopiosamucs y Yilbosuil
npoOyKm.

Memoouka. Kinemuxy oxucHenus OensunioenHoiayemamy OO0CHIONCY8AMU 6 PeaKmopi muny
«KamanimuuHa Kaukay. 3miuyeants 2a3060i i pioxkoi ¢as y peaxmopi 0ocseanu 3a paxyHoK CmMpyuly8aHHsl
lio2o 31 weuokicmio 8 ¢ wo 0o3eonAn0 npayoeamu 6 Kinemuuniii obnacmi. Kinemuxy peaxyii eusuan,
BUMIPIOIOYU KOHYEeHmMpayilo 030HY 8 2a308ill ¢hasi Ha 6x00i i 6uxodi 3 peakmopd, 5Ky pe2icmpysaiu
ABMOMAMUYHO 3 BUKOPUCTIAHHAM CNEKMPOpOmMoMempuino2o memoody 6 ooiacmi no2iunants 254—290 nm.
Ioenmudixayilo npoOykmie OKUCHEHHs! | GUSHAYEHHS IX MICMY 6 PO3UUHi 30TUCHIOBANU MEMOOOM 2030801
Xpomamoepaghii na xpomamozpaghi 3 NOAYM AHO-IOHIZAYIUHUM OemeKmopoM. AHaniz npo8oouNU HA KOJOHYL
dosoicunoro 2 M, sanosrenoi nociem «Xpomamorn N-AWy 3 nanecenoro na nvozo nepyxomoio gazoro SE-30 y
Kinokocmi 5% 6i0 macu nocia. Temnepamypa y mepmocmami pe2ynoganacs no npoepami 373—473 K 3a 10 xs.
Lllsuokicme 2azy — nocisn (azom 1,8); eoounro 1,8; nosimps 18 1/200. B saxocmi 6HympiwHb020 cmaHoapmy
BUKOPUCMOBYBAU 4-HIMPoxnopOeH3eH.

Pesynomamu.  [ocnioxceno — KimemuKky — ma — MEXAHi3M  pPIOUHHO®A3HO20 — OKUCHEHHS.
benzunioendiayemamy oszonom. Iloxkazano, wo peaxyis nepebicac 3a 080MA HANPAMKAMU: 3a OIYHUM
JIGHYI020M 3 VMBOPEeHHAM OeH30UHOoI Kuciomu i OeH3eHO8UM KilbyeM 3 NOOAIbWUM PYUHYGAHHIM
apomamuynoi cucmemu. Ilpu memnepamypax 0o 283 K weuokicme peakyii 0301y 3 beH3unioendiayemamom
ONUCYEMBCA 3a KIHEMUYHUM DIBHAHHA OPY2020 NOPAOKY, 30 AKUM 030H 8UMPAYAEMbCA 30 HEIAHYIO208UM [OHO-
PaouKanbHum mexanizmom. Ipu niosuwenux memnepamypax cmae nOMImHUM JIAHYI0208e BUMPAYAHHS 030HY,
nos’sazame 3 U020 y4acmio 6 peakyii 3 npoOyKmamu mepmiyHo2o po3xkiady nepoxcuodis. CmexiomempuyHuil
Koe@iyienm 3a 030HOM 8 peakyii 3 OeH3UNi0eHdiayemamom Maio 3a1exncums 8i0 CHiB8IOHOUIEHHS pea2eHmig
ma memnepamypu i y dianazoni 278—323 K npubauszno oopismioe 1,1.

Haykosa nosusna. llokazano, wo npu 030HY8aHHI MOLYEHY 8 NPUCYMHOCMI CYIbDAMHOI KUCIOMU
ayemamuuili aHeiopud € He MinbKU POZYUHHUKOM, aie i 3anodicac nooanibuiomy OKUCHEHHIO OeH3anb0ecioy
030HOM 30 PAXYHOK WEUOKO20 YMBOPEHHS CMIKo20 00 il 0301y bensunioendiayemamy. Bemarnoeneni Ho6i
KIHeMUYHI 3aKOHOMIPHOCMI, 5IKi OONOGHIOIOMb ICHYIOUT YAGIEHHS NPO XIMIIO | MEXHON02I0 OKUCHEHHS APEHi8
030HOM Y piOKill ¢hasi.

IIpakmuuna 3nauumicme. llokazana mMoxciugicms 3yNUHKYU OKUCHEHHS MOLYeHY 030HOM HA Cmaodil
ymeopeHHs  Oenzanvoezioy. Ompumani OaHi MOJCYMb CMAMU  OCHOBOK Ol  CMEOPEHHs. HOBOI
HU3bKOMeMNnepamypHoi mexnHoa02ii cunmesy 6eHzanboe2ioy ma 1io2o NOXiOHUX.

Knrouoei cnosa: oxucnenns, 030n; benzunioendiayemam, benzanboezio, KiHemukda.

Beryn. bensanbaeriz € BaXIMBUM MPOYKTOM OPraHIgYHOTO cUHTe3y. B mpomucioBocTi ioro
CUHTE3YIOTh JTY’)KHHM T1pOJIi30M OCH3aIbXJIOPUAY 1 OKCOCUHTE30M 13 6eH3uHYy 1 KapOooH(IV) okucay
[1, 2]. binbia yacTuHa O€H3aJIbACT1 Iy 3HAXOIUTh 3aCTOCYBAHHS Y BUPOOHHUIITBI JIIKApChKUX 3aCO0IB,
CUHTETUYHUX OapBHHKIB, Yy XapdoBi NpoMHCIOBOCTI Tomo [3,4]. CBiTOBE CHOXHBaHHS
OeHzanbaeriny OesmepepBHO 3pocTae i 3a mporHozamu y 2024 pomi CBITOBHMH pPHUHOK HOro
CIOKMBaAHHS gocsiratuMe 270 MITH. 10JapiB Ha PiK.

He3axatoun Ha Oe3nepepBHE BJOCKOHAJICHHS TPAJAMIIIMHUX METOMIB OTPUMAaHHS
OCH3aJIbIerily, BOHU 1 CHOTOJHI MAalOTh BaroMi TEXHOJIOTIYHI 1 €KOJOTI4HI HEMONIKU. 3 IHOTO
NPHUBOAY TIPUBEPTAIOTh yBary TEXHOJIOTii MPSIMOTO OKHCHEHHS TOJYyeHY MOBIiTpsM. BoHu
3IIACHIOIOTBCA SIK Y TA30BiH, Tak 1y piakiil ¢azax, MaloTh 3HAYHI IepeBaru mnepe; iCHylOYHMH, aje
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MIOKH 1110 XapaKTepU3yIOThC HU3bKUMH CTYIICHSMU NEPETBOPEHHS CyOCTpaTy 1 BUXOJaMH I[LIIbOBOTO
MPOYKTY, a iX peami3zallisi moTpedye BUCOKHX TEMITepaTyp Ta HaJJIUIIKOBOTO THCKY [5,6].

OnHMM 3 MOXJIMBHUX BapiaHTIB YCYHEHHS I[HMX HEAONIKIB € 3aMiHAa OKHCHHKA —
MOJICKYJIIPHOTO KHCHIO, Ha MOT0 aJIOTpOIHy Moaudikallio — 030H. B po6oTti [7] moka3aHo, 1m0 B
cucremi Ac20-H2SO4-Mn(OAC)2-KBr 030H pearye 3 TonyeHoM Bxe mpu Temmeparypi 278 K 3
yTBOopeHHsIM Oen3umifenaiaueraty (72,5%) 1 Oenszanpaeriny (12,5%), sxi npu mnopambmioMy
OKHCHEHHI NepeTBOPIOIOTHCS y OCH30MHY KUCIIOTY. ABTOpaMH JOCIIJKEHAa KIHETHKAa OKMCHEHHS
TOJIyEeHY, 3alIPOIIOHOBAHO CXEMY KaTaJITUYHOIO IIPOIIECY.

IlocTanoBka 3aBaaHHs. B naniii poOoTi mpomoBXkKeHI I JOCIIIPKEHHS, a caMe BHUBYECHO
KIHETUKY peakilii OKHCHEHHS OCH3WJIIJCHIialeTaTy 030HOM 3 METOIO0 3’SICYBaHHS YMOB, 32 SKHUX
aJIBJIET1 /1 BTpadae CXUIBHICTH JI0 MOAAIBIIOT0 OKUCHEHHS 1 CTa€ IITbOBUM MTPOIYKTOM.

Pesyabtatn gocaimxennsi. [Ipu temmeparypi 278 K TomyeH y po3dmHiI aneTraTHOTro
aHTIAPUAY TOCUTH MIBUJIKO OKUCHIOETHCS 030HOMOBITPAHOIO cymimo (puc. 1). Ilicas BuuepnHoro
OKHCHEHHS cyOcTpaTy (2 roj1) mepeBakHO YTBOPIOKOTHCS CTIHKI 0 Aii 030HY MEPOKCUIHI CIIOTYKH
(92,0%) i1 3HaYHO B MEHIIMX KiJIBKOCTSIX MPOAYKTH OKHCHEHHS 32 METHJIBHOIO T'PYIIOI, CKJIAJ 1
MIPUPO/JIA SIKUX 3MIHIOETHCS 110 X0y PEAKIIii: Ha paHHIX CTaisAX CIIOCTEPIraeThCs MOsiBa OCH3UIOBOTO
cnupty, GeH3aibleriay Ta iX alMIbOBAHUX MOXiJHMX (CyMapHa KilbKicTh He mepesumrye 1073
MOJIb/JT), SIK1 TIOCTYTIOBOTO MEPETBOPIOIOTHCS Yy OeH30MHY Kucioty (5,8 %, kp.5).
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Puc. 1. KiHeTHKa OKMCHEHHSI TOJIyeHY 030HOM B anleTaTHOMY aHriapuai npu 278K;
[ArCHz]Jo = 0,4 mouan/m; [H2SO4]o = 0,8 moub/m; [O3]o=4,1:10"*mMo1b/1; mBHAKiCTH Moxayi
ra3osoi cymimi 8,3:1031/c; 1 — Tostyen; 2 — nepokeuau; 3 — GEH3MIALETAT;

4 — Gensuainenianerar; 5 — Gen3oiina Kucyi0Ta; 5 — Gensoiina kucsora 3a Bigcyrnocri H2SO4.
(C — koHUeHTpAalisi; T — Yac)

B mpucytHOCTI KatamiTHYHUX 100aBOK Cynb(paTHOI KHUCIOTH KIHIIEBUMU MPOTYKTaMU
OKHMCHEHHS TOJIyeHY 3a METHJIbHOIO Tpymoro € 6ensmnanerar (3,8%) 1 6ensmiigenaianerar (2,2%).
[Ticnsa 110 XxB OKMCHEHHS B CHCTEMI IMOYMHAE HAKOMMUYyBaTUCS OeH30lHa kuciora (puc. 1, kp. 5).
HasiBHICTh HEaIMIIBOBAHOTO aJBJACTIAY MOSICHIOETHCS HU3BKOKO MIBUJIKICTIO PEAKIIil allMIIOBAHHS B
YMOBax €KCIIEPUMEHTY, sIKa JI0 TOTO % € PIBHOBa)KHOIO (pHC. 2).

Benswienianerar € 10CUTh CTIHKUM 110 Aii 030HY. BiH BUTpadaeThCs B peakilii 3 030HOM
3HAYHO TOBiBHIIIE Hixk TonmyeH (puc. 3, kp. 1; rarchoac2 = 0,51-10 mMomb/(11-¢), rarchz = 0,28-10
MoJi/(J1-¢) [9]). 3a OKHCHEHHSIM YTBOPIOIOThCS niepokcuau (Kp. 2; 52,5%) 1 6en3oiina kuciaota (kp. 3;
40,2%), AKICHUMH peakiisiMu BusaBiieHO BuaIeHHs kapOoH(IV) okcuny.
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Puc. 2. KineTuka anu/roBaHHs OeH3auabaeriay B anerarnomy anriapuai npu T = 278 K;
[H2SO4]o = 0,8 Mmoan/i; 1 — 6en3anbaeria; 2 — 0eH3uJIiaeHianerar
(C — koHUEeHTpAlLlis; T — Yac)
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Puc. 3. KineTuka oOKMCHeHHs1 OeH3UTiAeHIIaleTaTy 030HOMOBITPSIHOK CyMIIIIIII0 B
auerarHomy anrigpuai npu 278 K. [H2SO:z]o = 0,8 moan/a; [Os]o = 4,1-10* moan/a; 1 —
OeH3WIiIeHaianeTar, 2 — nepokcuau, 3 — 0en3oiina kucjaora (C — KOHIeHTpauis; T — 4ac)

B ymosax mocrigis (T = 278 K; o = 0,18 ¢*; [Os]o = 4,1-10™* mons/n; [AcCH(OAc)2]o =
0,4 mons/m; [H2SO4]o = 0,8 Monb/i) mouaTrkoBa INBHAKICTH BHTPATH OEH3WJIiAEHmialeTaTy —
FarcH©OAc2 =0,5-10* Momb/(71°C), MIBUAKICTH YTBOpPeHHS OEH30HHOI KHCIOTH — Farcoon = 0,13-107
MOJIB/(JI'C) 1 CymMapHa MIBUIKICTh YTBOPECHHsI HAIOCH30MHOI KHUCIOTH Ta MEPOKCHIIB — MPOJIYKTIB
pyiHYBaHHS apOMATHYHOTO KiTbL — lox= 0,31-10™ Monb/(;1-c). BuTpara 030HYy Ha MOJIb OKHCHEHOTO

OCH3WITIICHIiaIleTaTy MaJIo 3aJICKUTh BiJl CIIIBBIIHOIIIEHHS PEareHTIB Ta TEMIIEPATYPH 1 B TUAIIa30H1
278-323 K nopisioe 1,1+0,10 moub.
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3aneXHICTh IIBUAKOCTI BUTPATH O30HY BiJ KOHIIEHTpAIl BUXITHUX PEYOBHH, K 1 MPH
OKHMCHEeHHI Tonyeny [9], Mae ckiagHuii XapakTep: nmpu Temmeparypax a0 283K mBuakicTs peaxiiii
Mae TepIIUi MOPsIIOK 3a peareHTamMu (puc. 4):

roz = Keg'[ArCH(OAC)2]o'[O3]o (1)

1e Kep — edpexTrBHA KOHCTaHTA MIBHIKOCTI, 10 BPAXOBYE YCi HAPSAMKH BUTPATH 030HY (4—

6).
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Puc. 4. 3anexkHicTb e)eKTUBHOI KOHCTAHTH IIBUAKOCTI NOTJIMHAHHSA 030HY Bil KOHLIEHTPAWil
Oensmiainenaianerary i o3ony npu T =278 K (1), 283 K (2), 293 K (3), 303 K (4), 313 K (5)
(Kegp — epeKTHBHA KOHCTAHTA IIBUIKOCTI)

A TIpu TABUIIEHUX TEMIIepaTypax:
ros= K [ArCH(OAc)2]o[Os]o + kK -[ArCH(OAc)]o*>[Os]o™®  (2)

PiBHsiHHSA (2) BUIUTMBAE 3 JaHUX PHUC. 4, 3 IKOTO BUIHO, 1110
Kep= K + K" ([Os]o/[ ArCH(OAc)2]0)*® (3)
e k — KOHCTaHTa MIBUIKOCTI HEJIAHIFOTOBOT BHUTpATH 030HY;
K — KOHCTaHTa MBUIKOCTI JIAHIIOrOBOI BUTpATH 030HY (Tab. 1).
Tabnuys 1
Koncrantu mBuakocti Henanimwrosoi (K’) i manmiorosoi (K’’) BuTpaTn 030Hy B peakuii
3 Oensuaigenmianerarom; Vpiun = 0,03 a3 ([Oz]o / [ArCH(OAC)2]0)%° = (0,63~ 2,7)-1072

T,K k’, 1/(Mo1b-C) K>’, n/(Mob-C)
278 0,23 0,00
283 0,30 0,00
293 0,49 5,00
303 0,92 13,00
313 1,17 30,00

I[Mpu Temmnepatypi 278 K Keg peakitii 030Hy 3 6eH3uiiaenianerarom ckiaanae 0,23 i/(Moib-c),
10 Y T1’ATepo HIXKYE 3a Keg peakitii 030Hy 3 6enzanpaerigaom (1,2 in/(monb-c) [8]).

TakuMm 4YMHOM, 32 YMOB OKHCHEHHS OCH3WJIIJEHAIAIeTaTy O30HOM CIIOCTEPIraeThCs TPHU
HAIpsIMKH BUTPATH 030HY (4-6).
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ArCH(OAc)2 + O3 —» ArC’ (OAc), + HO*+ Oy 4)
ArCH(OAc), + O3 — ArCOOH + AcOH (5)
ArCH(OAc), + Oz —  amidaruusi nepokcuan (6)

[lepenbavaerncs, mo piBHAHHS (1) BU3HAYae cyMapHy IMIBHIKICTH MapalelIbHUX peakiii
030HY 3 OCH3WIIIICH I1aIleTaTOM 3a O1YHUM JIAHITIOTOM 1 OCH3€HOBUM KiJblleM (4—06), a piBHSIHHS (2)
BpaxoBy€ M€ 1 JIAHIIOTOBY BUTPATy O30HY B peaklii 3 MPOJYKTaMU TEPMIUHOTO PO3KIATY
amdaTHYHUX TTEPOKCUJIIB, 1110 OyJI0 HE OJHOPA30BO OMKMCAHO JJIA PEaKIlii 030HYBaHHS TOJIYCHY Ta
HOro 3aMilieHuX B apoMaTudHoMY Kijbii [8, 10]:

R-OOH — RO+ HO' 7)
RO2+ O3 — RO + 20> (8)
RO+ 03— ROy + O, 9)

JlaniroroBa BUTpaTa 030HY B peakilii 3 MPOAYKTaMU TEPMIUYHOTO PO3KIAAy aiaTHUYHUX
MIEPOKCHIIB BiIOYBAETHCSA 3a paXyHOK MPOXOKEHHS peakiriii (8, 9).

BucHoBok.

1. ber3umniaenaianerar — MPOJYKT OKWCHEHHS TOJYEHY 3a METHJIBHOIO TPYIIOI, pearye 3
030HOM 3a JIBOMa HaIlpsIMKaMu: 3a OIYHUM JIAHITIOTOM 3 YTBOpPEHHSIM OeH30iHOI kucnotu (40,2%) 1
O6eH3eHOBHUM KiblieM (52,5%) 3 pyliHyBaHHSIM apOMaTHYHOI CUCTEMHU.

2. Ilpu Temmeparypax no 283 K mBuakicte peakuii 030HY 3 OeH3WIiIEHAIaleTaTOM
ONMUCYETbCS 3a KIHETUYHHUM PIBHSHHS JPYroro TMOPSAKY, 3a SKUM O30H BUTPAYAEThCS 3a
HEJIAaHIIOTOBUM 10HO-PAJMKAILHUM MeXaHi3MoM. [Ipy migBUIIEHUX TeMIlepaTypax CTae MOMITHUM
JIAHIIOTOBE BUTpAvyaHHS O30HY, MOB’sA3aHE 3 HOro ydacTio B peakuii 3 MpOAyKTaMu TEpMIYHOTO
PO3KJIaTy MEPOKCU/IIB.

3. CrexiomeTpuuHuil Koe(iIlieHT 3a 030HOM B peakilii 3 OCH3WJIAeHAIaleTaTOM MaJio
3aJIeKUTh BiJl CIIBBIJIHOLICHHS peareHTIB 1 Temmeparypu i y aianazoHi 278-323 K mpubnuzHo
nopisHioe 1,1.
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Memoouxa. Kunemuxy oxucienus OeH3UnuOeHouayemama ucciedo8aiy 6 peaxmope mund
«kamanumuveckas ymkay. Cumewusanue 2a3080u u AHcuOKou ¢az 6 peaxmope Oocmueanru 3a cuem
ecmpaxusanus e2o co ckopocmvio 8 ¢, umo noseonsno pabomamv 6 kunemuueckoii obnacmu. Kunemuxy
Ppeaxyuy u3yuanu, usmepsisi KOHYeHmpayuio 030HaA 8 2430601 ghaze Ha 6x00e U 8bIX00€e U3 PeaKmopd, KOMmopyio
Pecucmpuposany A8MOMAmMU4ecKU ¢ UCHOIb30BAHUEM CREKMPOPOMOMEMPULECKoe0 Memooa 6 obaacmu
nozanowenuss 254-290 um. Hoemmughuxayuro npodykmos OKUCIeHUS U OnpedeieHUue UX COOepIlHCAHU 8
pacmeope  OCYWeCmenany MemoooM 2a3080U xpomamozspaduu Ha Xpomamozpage ¢ NIAMEHHO-
UOHU3AYUOHHBIM OemeKmopom. Auanuz npoeoounu Ha KONOHKe ONUHOU 2 M, 3ANOJIHEHHOU Hocumenem
Xpomamon N-AW ¢ nanecennoii na ne2o nenooguoictotl ¢pazoul SE-30 6 xonunwecmee 5% om maccwl nocumeis.
Temnepamypa ¢ mepmocmame pezyauposanacy no npoepamme 373-473 K 3a 10 mun. Crxopocmo 2asa —
nocumens (azom 1,8),; 6ooopooa 1,8; 6030yxa 18 n/uac. B kauecmee enympenne2o cmanoapma ucnoib308aiu
4-numpoxiopbensen.

Pesynomamor.  Uccriedosanvl  KuHemuxa U MEXAHUBM — JHCUOKOGQA3HO20 — OKUCTIEHUs
bensunudenouayemama ozonom. Iokazano, umo peaxyus npomexkaem no 08yM HANPAGIEHUIM. N0 OOKOBOU
yenu c obpazosanuem OeH30UHOU KUCIOMbl U OEH30IbHOMY KONbYY C NOCReOYIOuuUM paspyuleHuem
apomamuueckoi  cucmemvl. Ilpu  memnepamypax 0o 283 K ckopocmv  peakyuu  030HA  C
OeH3UTUOEHOUAYEMAMOM ONUCHIBACTNCS KUHEMUYeCKUM YPAGHEHUeM 6MOop0o20 NOPsIOKA, CO2NACHO KOMOPOMY
030H pacxo0yemcs no HeyenHomy UOHHO-PAOUKATbHOMY Mexanuzmy. [Ipu nosvluieHHblx memnepamypax
CMAHOBUMCSL 3AMEMHBIM YEeNnHOe PACX0008aHUe 030HA, CEI3AHHOE C e20 YHACMUEM 8 Peakyu ¢ nPpoOyKmamu
MepMUiecKo20 pasioxcenus nepoxcuoos. Cmexuomempuueckuil Kodgguyuenm no 030HY 8 peakyuu ¢
OeH3UTUOeHOUAYeTNAMOM MAI0 3A8UCUM 0N COOMHOWEHUSI Pea2eHmOo8 U MeMNepamypuvl u 6 ouanasone 278—
323 K npumepmno pasen 1,1.

Hayunas noeusna. I[loxazano, wmo npu 030HUPOBAHUU MOAYOIA 8 RPUCYMCMBUU CYIbHAMHOLU
KUCTIOMbL AYemamHblil aHeUOpUo A6ISemcsi He MOJIbKO pACmeopumenem, Ho U npedomepaujaem oanvheliuiee
oxucnenue Oenzanvoecuda O030HOM 3d cuem  ObICMPO20  00PA306AHUSL  YCOUYUBOZO K  O030HY
bensunudenouayemama.  Ycmanoeienbt  HO8ble  KUHEMUYECKUe  3aKOHOMEPHOCMU,  OONOJHAIOWUE
cywecmayrouue npe0Cmasienss 0 XUMUU U MexHoN02UU OKUCTEHUsL APEHO8 030HOM 6 JICUOKOU (hasze.

Ilpakmuueckasn 3nayumocme. Iloxazana 603MOHCHOCb OCIMAHOBKY OKUCLEHUS MOLY0LA 030HOM HA
cmaduu obpazosanus Oenzanvoezuda. llonyuennvie Oanuvie MOZYm CMAamb OCHOBOU Ol CO30aHUsl HOBOU
HU3KOMeMNEePAmypHOU MeXHON02UYU CUHMe3a OeH3aIb0ecudd u e20 NPOuU3600HbIX.

Knrouegvie cnosa: oxucienue, 030n, bensuruoenouayemam, ben3anboe2ud, KUHEMUKA.

HALSTIAN A., ZADVORNYKH I., KOSENKO O.
Kyiv National University of Technologies and Design, Ukraine
THE STUDY OF THE REACTION OF OXIDATION OF BENZYLIDENDIACETATE
BY OZONE IN SOLUTION OF ACETATE ANHYDRIDE

Purpose. Study the kinetics of the oxidation reaction of benzylidendiacetate with ozone to determine
the conditions under which the aldehyde will lose its tendency to further oxidation and become the target
product.

Methodoelogy. The oxidation kinetics of benzylidendiacetate were studied in a catalytic duck reactor.
Mixing of gas and liquid phases in the reactor was achieved by shaking it at a speed of 8 s™, which allowed to
work in the kinetic region. The reaction kinetics were studied by measuring the concentration of ozone in the
gas phase at the inlet and outlet of the reactor, which was recorded automatically using the spectrophotometric
method in the absorption range of 254-290 nm. Identification of oxidation products and determination of their
content in solution was carried out by gas chromatography on a chromatograph with a flame ionization
detector. The analysis was performed on a 2 m long column filled with Chromaton N-AW carrier with SE-30
stationary phase applied to it in the amount of 5% by weight of the carrier. The temperature in the thermostat
was regulated according to the program 373-473 K for 10 minutes. Gas speed — carrier (nitrogen 1.8);
hydrogen 1.8; air 18 I/h. 4-nitrochlorobenzene was used as an internal standard.

Findings. The kinetics and mechanism of liquid-phase oxidation of benzylidendiacetate by ozone have
been studied. It is shown that the reaction proceeds in two directions: along the side chain with the formation
of benzoic acid and the benzene ring with the subsequent destruction of the aromatic system. At temperatures
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up to 283 K, the reaction rate of ozone with benzyliden- diacetate is described by the second-order kinetic
equation, according to which ozone is consumed by a non-chain ion-radical mechanism. At elevated
temperatures, the chain depletion of ozone due to its participation in the reaction with the products of thermal
decomposition of peroxides becomes noticeable. The stoichiometric coefficient for ozone in the reaction with
benzylidendiacetate depends little on the ratio of reagents and temperature and in the range of 278-323 K is
approximately 1.1.

Originality. It has been shown that in the ozonation of toluene in the presence of sulfuric acid, acetic
anhydride is not only a solvent, but also prevents further oxidation of benzaldehyde by ozone due to the rapid
formation of ozone-resistant benzylidendiacetate. New kinetic regularities have been established, which
supplement the existing ideas about the chemistry and technology of oxidation of arenes by ozone in the liquid
phase.

Practical value. The possibility of stopping the oxidation of toluene by ozone at the stage of
benzaldehyde formation is shown. The obtained data can be the basis for the creation of a new low-temperature
technology for the synthesis of benzaldehyde and its derivatives.

Keywords: oxidation; ozone; benzylidendiacetate; benzaldehyde; kinetics.
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