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Abstract. Article is devoted to research of catalytic activity of surface-active compounds in
processes of homogeneous catalytic oxidation.

Catalytic processes play significant role in chemical industry. Due to ease of use and high
adaptivness of homogeneous catalytic systems they are more preferable. Our previous works have
proven effectiveness of surface-active compounds as additives to industrial catalysts of
ethylbenzene and cyclohexane oxidation. Based on received data we came to a conclusion that
additive forms an active catalytic complex with main catalyst and substrate. However, identification
of such complexes remains a very hard task. In order to find more proves of our hypothesis and to
clarify role of surface-active compounds in oxidation process we needed to research catalytic
activity of individual surface-active compounds without main catalyst of oxidation. For
identification of role of additives in oxidation mechanism we’ve conducted series of experiments
using surface-active compounds of different nature as individual catalysts.

For identification of change of surface properties of reaction mixture, we've conducted
experiments under mild conditions —relatively low temperature 363 K and atmospheric pressure.
For identification of possible complex creation, we’ve conducted experiments under conditions
close to industrial. Obtained results were compared of performance traditional ethylbenzene
oxidation catalysts.

Obtained results showed that all researched compounds have catalytic influence on oxidation
of ethylbenzene. This impact is connected not only with changes of surface properties of reaction
mixture — solubility of oxygen — but also with formation of catalytic complexes between surface-
active compound and substrate, resulting in improvement of direct oxidation into secondary
oxidation products — ketone and alcohol.

Key words: oxidation, surface-active compounds, ethylbenzene, catalyst, catalytic system,
complex, variable valency metal, ion-genic

Introduction.

It is common knowledge that production of chemical and petro-chemical
industries more than on 80% is connected with catalytic processes [1]. This numbers
are also valid for liquid-phase oxidation of hydrocarbons.

When we talk about industrial use heterogeneous catalysts can be more selective
and active compared to homogeneous. However lower price, easier installation and
ease of control make homogeneous catalytic processes more preferable. Usually as
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homogeneous catalysts in industry are used organic salts of metals with variable
valency (SMVYV). Despite numerous researches in this area problem of creation of
highly effective and selective catalytic systems remains very important.

Use of different catalytic additives that are able to form active catalytic
complexes, increase effectiveness of catalyst performance and impact selectivity of
oxidation is one of main research areas.

For example — one of the most perspective ways of cyclohexane (CH) oxidation
intensification is creation of complex catalytic systems on basis of SMVV with
different specific additives of different nature, in particular surface-active compounds
(SAC) [2-4]. Use of systems that as co-catalyst doesn’t use ions of heavy metals but
organic ligands is better choice not only from ecological point of view but also for
more directional impact on oxidation process [5].

It is known that binary catalytic systems based on SMVV with electronic-
acceptive salts of perfluoric sulfoacids (SPFSA) shows major activity in CH
oxidation process [5]. Their presence in reaction system allows increasing of
oxidation speed and selectivity for aim products. Impact of SPFSA additives is
explained by catalytic intensification of stages of chain creation and transfer, and by
its catalytic presence in parallel routes of cyclohexanole (COL) and cyclohexanone
(CON) formation [6, 7].

Major improvement of quality and quantity indexes of oxidation process can be
achieved by use of bi-component catalytic systems, that contain SMVV and
electronic-donor additives that are able to form active catalytic complexes in specific
reactional conditions [8,9].

However, despite literature data and previous researches [8,10] exact
mechanism of influence of complex catalytic systems remains unclear. It is so due to
few reasons. First of all, due to the fact that assumption of formation of catalytic
complexes [catalyst-additive-substrate] is very hard to prove instrumentally.

Secondly additives of SAC are involved not only in formation of catalytic
complexes, but also their presence changes properties of entire reaction environment
and they can have their one catalytic activity as well.

Experimental.

Our previous works showed that SAC combined with industrial catalysts for
oxidation form active binary catalytic systems that allow not only to increase
productivity but also control and change selectivity for aim products [10].

For our previous research of influence of SAC additives of different nature on
processes of homogeneous catalytic oxidation of hydrocarbons we used process of
ethylbenzene [EB] oxidation. Mechanism of EB oxidation is well-known and
described because it is a model reaction for oxidation of alkyl-aromatic compounds.

Our next step was identification and research of catalytic activity of single SAC
without industrial catalyst.

First of all, we needed to exclude surface-active aspect of researched
compounds. As researched SAC we used nonion-genic — polyethylene glycol with
molecular mass 200 (PEG200), and ion-genic — chromoxane (Ch). Behavior of SAC
in EB oxidation process was studied under temperature of 363K and atmospheric
pressure. Such conditions are not enough for formation of catalytic complexes, but
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can show influence of surface-active properties. Obtained results were compared to
performance of industrial catalysts of EB oxidation — naphtenate of cobalt (NC) and
acetate of cobalt (AC), and to thermal autoxidation. Concentration of catalyst was
1,010~ mol/l.

While experiments were conducted under mild conditions main product of
oxidation was hydroperoxide of ethylbenzene (HPEB). Quantity of HPEB was
determined by method of iodometric titrimetry.

Results and discussion.

Obtained results are presented in Table 1.

Table 1.
Influence of individual SAC on EB oxidation process. T =363 K, P = 0,1 MPa
Catalyst Time, min C(HPEB), Conversion of
mol\l EB, %

Thermal 30 0,003 0,036
60 0,006 0,073

100 0,01 0,122

130 0,013 0,153

160 0,015 0,184

PEG200 30 0,013 0,159
60 0,025 0,307

100 0,036 0,442

130 0,037 0,442

160 0,039 0,473

Ch 30 0,005 0,061
60 0,007 0,092

100 0,008 0,104

130 0,012 0,153

160 0,016 0,196

NC 30 0,017 0,208
60 0,021 0,258

100 0,030 0,368

130 0,037 0,461

160 0,041 0,504

AC 30 0,007 0,092
60 0,014 0,178

100 0,020 0,245

130 0,025 0,301

160 0,036 0,442

As we can see form presented data all researched compounds have influence on
EB oxidation process.

Influence of PEG200 is comparable with impact of industrial catalysts (NC and
AC). Such influence is explained by surface-active properties of PEG200. PEG200
increases solubility of oxygen in reaction mixture providing increase of reactions of
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creation and transfer of radical chain leading to increase of reaction speed mainly on
early stages of oxidation. This is proven by decrease of HPEB accumulation speed
after 100 minutes of experiment

Influence of Ch on liquid-phase oxidation process are first of all related with
possible formation of active catalytic complexes with main catalyst and organic
substrate. Individual catalytic activity of Ch is very low and obtained results are
almost same as in the case of thermal autoxidation of EB.

Next logical step was research of individual SAC catalyzed EB oxidation under
conditions close to industrial (Temperature 403 K, pressure 0,45 MPa). Obtained
results were compared to performance of industrial oxidation catalysts (NC and AC).

Obtained results are presented in Table 2.

Table 2.
Influence of individual SAC on EB oxidation process. T =363 K, P = 0,45 MPa.
Cat. Time, C C C Conv. S S S
min | (HPEB), | (AP), | (MPC), EB, | (AP), | (MPC), | (HPEB),
mol/l mol/l mol/l % % % %
T. 10 0.0065 | traces | traces 0.08 - - 100
60 0.007 traces | traces 0.09 - - 100
180 0.014 traces | traces 0.17 - - 100
240 0.015 traces | traces 0.18 - 100

PEG200| 10 | 0,01795 | 0,007 | 0,001 0,32 |26,97| 3,85 69,17
60 | 0,03295 | 0,0013 | 0,001 0,43 | 3,69 | 2,84 93,48
180 | 0,04995 | 0,0025| 0,002 0,67 | 4,59 | 3,67 91,74
240 | 0,05265 | 0,0063 | 0,002 0,75 [10,34| 3,28 86,38
Ch 10 0,006 |0,0014|0,00184 | 0,11 |15,15] 19,91 64,94
60 0,0095 10,0025 | 0,0017 | 0,17 |1825| 12,41 69,34
180 0,019 10,0089 | 0,0026 | 0,38 |29,18| 8,52 62,30
240 0,019 10,0107 0,0024 | 0,39 |33,33| 7,48 59,19
10 0,006 | 0,011 | 0,003 0,24 54,93 | 16,84 | 28,23
60 0,028 0,03 0,011 0,85 [43,12| 16,50 | 40,38

NC 180 0,068 | 0,089 | 0,018 2,15 50,87 ] 1042 | 38,71
240 0,067 | 0,131 | 0,026 2,75 5847 11,56 | 29,97
10 0,007 | 0,015 | 0,002 0,29 [62,29| 7,85 29,86
AC 60 0,009 | 0,603 | 0,191 9,87 | 75,1 | 23,78 1,12

180 0,017 | 0,875 | 0,124 12,49 186,15 12,18 1,67
240 0,019 1,275 | 0,149 17,75 | 88,34 | 10,34 1,32

As we can see from presented data tendencies of thermal (T.) oxidation under
industrial conditions are similar to general tendencies of autoxidation process.
Oxidation goes slowly with creation of HPEB on first stage of reaction with further
transformation into secondary oxidation products — acetophenone (AP) and methyl
phenyl carbinol (MPC). Increase of reactional conditions leads to appearance of
traces of secondary oxidational products in reaction mixture. However due to low
speed of oxidation quantities of those products are insignificant.
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Influence of PEG200 on EB oxidation process remains similar to oxidation
under milder conditions. This results tell us that main influence of PEG200 presence
is increase of soluble oxygen in reaction mixture. But it also is worth mentioning that
appearance of secondary oxidation products (mainly AP) can indicate possible
formation of complex with substrate leading to conversion of HPEB and creation of
ketone instead of alcohol.

Presented data shows that influence of Ch on EB oxidation is more significant
compared to low-temperature oxidation. Conversion of EB increases more than two
times with significant increase of secondary oxidation products quantities. As in the
case of PEG200 mainly increases selectivity for AP. Such results and previous
research of Ch influence allows to assume formation of catalytic complex [Ch-
substrate] that promotes secondary oxidation processes and direct oxidation of EB
into AP and MPC.

Presence of PEG200 as oxidation catalyst leads to higher reaction speed
compared with use of Ch. Also it is worth mentioning that presence of PEG200 leads
to increase of HPEB formation, while presence of Ch — to formation of secondary
oxidation products (mainly AP) due to increase of direct EB oxidation into AP.

However catalytic activity of researched SAC is significantly lower compared to
industrial catalysts (NC and AC). Mainly due to lack of variable valency metal ion
that is needed for effective complex creation. Therefore, we can assume that SAC
plays role of ligand surrounding in creation of highly active catalytic complexes.

Conclusions.

Obtained results allow as to make following conclusions:

1. SAC have catalytic influence on EB oxidation process.

2. Main influence of SAC on oxidation is related with changes of reaction
mixtures surface properties — increase of oxygen solubility. But also results showed
that SAC are able to form complexes with substrate and catalytically improve
oxidation process.

3. Catalytical impact of PEG200 under mild reactional conditions is quite
comparable to industrial catalysts of EB oxidation (NC and AC).
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Annomayin. Cmamms npucesiuena O00CHIONCEHHIO KAMALIMUYHOL aKMUBHOCMI NOBEPXHEBO
AKMUBHUX CHOJYK Y NPOYECAx 20MO2EHHO-KAMAIIMUYHO20 OKUCHEHHS 8Y2/1e800HIS.

Kamanimuuni npoyecu gidiepatomv 3Hauny poiv y XiMIUHIl NPOMUCIOB0CMI. 3aB80AKU
Jle2KoCmi  BUKOPUCMANHA MA BUCOKIU AOANMUBHOCMI 20MO2EHHI KAMAnimuini cucmemu €
npiopumemnumu. Hawi nonepedni pobomu noxazanu egexmuHicmos NO8epXHeE0-AKMUGHUX
cnonyk 'y sakocmi 000a8OK 00 NPOMUCTIOBUX KAMANI3AMOPI6 OKUCHEHHS emulbeH301y mda
yurnozexcany. OCHOBYIOUUCH HA 0OEPAHCAHUX PE3VIbMAMAX MU RPULULIU 00 BUCHOBKY, Wo 006asKa
CMBOPIOE AKMUBHUL KAMANIMUYHUL KOMNIEKC 3 OCHOGHUM KAMAL3amopoM ma cyocmpamom.
OO0Hax moune BUHAYEHHS CKIAOY MAKUX KOMNIEKCI8 € HAO38UYALHO 6ANCKUM 3a80anHsM. Jns
niomeepOodicen s Hawoi einomesu i 01 NPOSCHEHHS POl NOBEPXHEB0-AKMUBHUX CNOLYK Y NPOYECax
OKUCHEHHsL OY10 HeOOXIOHO O0CAIOUMU KAMAanimuyHy aKmueHICmMb NOBEPXHEB0-AKMUBHUX CHONYK
npu  GIOCYMHOCMI OCHOBHO20 KAMANI3AMOpPA OKUCHeHHS. [l BU3HAYEHHs POl NOBEPXHEeBO-
AKMUBHUX CHOLYK MU NPOGenU cepilo 00CNiOi6 3 SUKOPUCMAHHAM YUX CHONYK Y SKOCHII
IHOUBIOYAILHUX KAMANI3AMOPI8 OKUCHEHHS emUIOEH301).

s susHauenHss UGy 3MiHU NOBEPXHEBUX GLACMUBOCHIEl PEAKYIIHOL CyMiuti MU npogeiu
eKCnepuUMenm npu M’ sSKux ymoeax — 6iOHOCHO Husbkuil memnepamypi 363 K ma ammocgepromy
mucky. JIist 6USHAUEHHS MONCIUBO20 KOMNILEKCOYMBOPEHHSL MU NPOGEU eKCNEPUMEHMU NPU YMOBAX
OuzbKUX 00 npomuciogux .Qoepicani pe3yibmamu NOPIGHIOBANUCH 3 PE3VIbMAMAaMU MPAOUYIUHUX
APOMUCTOBUX KAMALIZ3AMOPI8 OKUCHEHHSL. .

Ooepoicani pe3ynomamu c8i0uams wo yci 00CAI0NHCYBAHT CROLYKU BON00IIOMb KAMALIMUYHUM
BNIUBOM HA Npoyec OKUCHeHHs emunbenzony. Llei ennue nose'szanuil we minoKu 3i 3MIHAMU
NOBEPXHEBUX BNACMUBOCMEL PEaKyiuHoi CyMIili — PO3YUHHICMIO KUCHIO — alle | 3 YMBOPEHHAM
AKMUBHUX KAMATTMUYHUX KOMIIEKCI8 MINC NOBEPXHEBO-AKMUBHOIO CNOLYKOI0 MaA CYOCMPAmMoMm, wo
nPU3600UMb 00 3POCMANHS WBUOKOCMI NPAMO20 OKUCHEHHS emUIOeH30Ly V 6MOPUHHI NPOOYKMuU —
KemoH ma cnupm.

92



