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Work is devoted to study of the effect of two-

and three-component catalytic systems of cobalt

naphthenate at liquid-phase homogeneous catalytic oxidation of cyclohexane. The dependences of
the process speed and quality of products accumulation from the composition of the catalytic sys-
tem were determined. Article also contains comparison of impact on process depending on differ-

ent structure of catalyst.

Introduction

Processes of catalytic hydrocarbons oxidation are
widely used in industry of organic synthesis. One of such
processes is homogeneous catalytic oxidation of cyclohex-
ane (CH) to cyclohexanone (CHN) and cyclohexanol
(CHL), which is conducted in presence of metals of vari-
able valency(MVV). Organic modifiers of different nature
are used for improving of process indexes (convertion and
selectivity) [1] and their effect appears after accumulation
of oxidation products in the reaction mixture.

Previous studies have shown that the addition of alco-
hols to industrial cobalt naphthenate catalyst (NC) has posi-
tive effect on the oxidation of CH. Quantitative measure-
ments of this effect depends on the structure of alcohol
(chain length and the number of OH-groups) [2]. It was
found that from a technological point of view, the best re-
sults are observed with monoatomic alcohols [2]. With this
in mind, organic modifiers of different nature combined
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with pre-created binary catalytic system NC + ethanol (ET)
has become the object of research. Influence of three-
component catalytic systems consisting from [NC+ET] and
organic additives — polyethylene glycol (PEG with M ~
400), glycine (GL) and aminesulfonic acid (AS) at catalytic
CH oxidation were analyzed.
Experimental part
Investigation of the influence of catalytic systems for
homogeneous catalytic oxidation of CH was carried out in
a reactor of bubbling type (Fig. 1) under temperature T =
413 K and pressure P = 10 atm. Technical oxygen was used
as oxidant. The concentration of the catalytic system was
chosen with reference to previous studies where was found
optimum catalyst content — 5x10~* mol/1 [3].
Samples were taken in containers with previously
amended isopropyl alcohol, for homogenization of samples
and dissolution of adipic acid, which is formed in large
numbers with increase of cyclohexane conversion degree.

8 into the atmosphere

>
— water

«~—— water

e

z;
|

—_—
coolant

-—

12
5
13
[ —

11

~__ 7
Figure 1. Autoclave plant for cyclohexane oxidation: 1 — oxygen cylinder, 2 — reducer, 3,7,8 — valves, 4 — control equipment, 5 — re-
actor for cyclohexane oxidation, 6 — shell-and-tube heat exchanger, 9 — pressure gauge, 10 — differential pressure gauge for the oxygen

cost measuring, 11 —magnetic mixer, 12 — capillary for oxygen, 13 —

thermocouple.
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Table 1. Indicators of cyclohexane oxidation at conversion value X =2 %, X=4 %, T=413 K, P =1,0 MPa, Cxc. =5,0- 10™ mol/1

Catalyst \ S(HPCH*), % \ S(A), % \ S(ES), % \ S(CHL), % \ S(CHN), % \ [CHL/CHN] \ W, mol/l's
Conversion X ~ 2 %

NC 2,11 1584 0,00 36,70 2535 1,45 1,11-10°

[NCH+ET] 23,77 1902 0,00 36,43 20,78 1,75 1,12:10°
Conversion X ~ 4 %

NC 10,32 22,01 5,90 37,26 24,52 1,52 2,11-10™

[NC+ET] 10,82 21,85 0,00 042 24,90 1,70 589-10™

*: W—speed of CH consumption mol/(1-s)

Concentration of following substances in oxydate: hy-
droperoxide of cyclohexyle (HPCH), dicarboxylic acids
(A) (in terms of adipic acid) and esters (ES) (on dicyclo-
hexyl adypinate was determined by titration method of
analysis. The content of cyclohexanol (CHL) and cyclo-
hexanone (CHN) were determined chromatographically.

Results and analysis

During analysis of the experimental data we were inter-
ested primarily in the process indicators under CH conver-
sion (X) close to 2 % and 4 %. X =2 % was chosen due to
the fact that this critical conversion, in which it is possible
to observe the practical effect of the catalytic process; value
of X =4 % is close to the parameters of the industrial proc-
ess of cyclohexane oxidation. The results of studies on the
effect of three-component catalytic systems were compared
with the industrial catalyst NC (Table 1).

As can be seen from the data, the use of ethanol as part
of a binary catalyst system [NC + ET] leads to an increase
in selectivity for CHL (as X ~ 4 %), and to increase of ratio
value CHL / CHN at both stages of oxidation. The binary
catalyst system significantly increases the rate of CH con-
sumption in the second stage of the process. Also the pres-
ence of [NC + ET] excludes esters from cyclohexane oxi-
dation products and reduces the acid content in oxydate.

Effects of ethanol usage in the ternary catalytic systems
depend on the properties of organic additives (Table 2).

The use of ethanol as part of three-component systems
is significantly different from the effect on individual CN, —
selectivity for acids increases, selectivity for esters and al-
cohols decreases, the rate of oxidation decreases as well.
More quantitative effect was obtained during usage of etha-

nol in the catalytic system containing glycine.

Discussion

Obtained data showed that the use of alcohol (for ex-
ample ethanol) as additive to the homogeneous catalysts
leads to changes in both — their activity and selectivity in
their action. Various qualitative effect of ethanol on indi-
vidual CN and binary catalytic systems suggests that alco-
hol not only affects the intermediate radicals formed during
oxidation, but also takes part in the formation of the actual
catalytic complexes.

Previous studies have shown that the effect of organic
modifiers is connected primarily to their participation in the
creation of catalytic complexes [4]. This correlates with the
literature data and the ability to create complexes with met-
als [5]. For glycine example, the structure of the catalytic
complex might look like this (Figure 2, 3).
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Figure 2. Predicted intermediate complex NC + GL

Table 2. Indicators of cyclohexane oxidation in presence of binary and ternary catalytic systems at conversion value

X=2%,X=4% (T=413 K, P=1,0 MPa, Cxc. =5,0-10"* mol/l)

Catalyst ‘ S(HPCH*), % ‘ S(A), %| S(ES), % | S(CHL),% | S(CHN), % [CHL/CHN] ‘ W, mol/(Is)
Conversion X ~ 4 %
NC +AS 9,94 6,21 745 48,88 27,52 1,78 3,03-10°
[NC+ET]+AS 9,03 VAT 602 3443 28,05 1,23 2,09-10™
NC+GL 11,11 417 1667 46,17 21,89 2,11 542:10™
[NC+ET]+GL 11,57 2454 694 3222 24,72 1,30 3,410
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Figure 3. Predicted intermediate complex [NC + ET + GL]

Effectiveness of homogeneous catalysts is related to the
properties of the metal cation. Glycine and ethanol coming
into the catalytic complexes alter the electron density at the
metal cations, which affects both the activity and the stabil-
ity of the intermediate catalytic complexes.

Conclusion

Studies have found different qualitative and quantitative
impact of ethanol additives on individual cobalt naphthen-
ate and binary catalytic systems, due to the different struc-
ture and thus the catalytic activity of intermediate com-
plexes.
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Po3rsHyTO BIUIMB /IBOX- Ta TPHOXKOMITOHEHTHHX KaTAITHYHUX CHUCTEM Ha OCHOBI Ha)TeHaTy
KOOIBTY Ha pIIMHHO(A3HE TOMOTCHHO-KaTAIITHIHE OKWCHEHHS IMKIOrekcaHy. BcraHoBieHo
3aJISKHOCTI MBUAKOCTI T SIKOCTI HAKOIIMYEHHS TIPOIYKTIB Bifl CKIaIy KaTAITUYHOI CHCTEMH Ta
BHKOHAHO ITOPIBHSHHS BIUIVBY KaTaJIi3aTOPIB PI3HOI CTPYKTYpH.

Oxuc/ieHue MUKJI0TeKCAHA B PUCY TCTBUHU
CITUPTCOAEPKANUX KATATUTHYECKUX CUCTEM

A.A. Cynpyn, B.B. Peymckuii, O.C. Heawiyx, C.O. Myopewtit

Hayuonanvnwui ynueepcumem “Jlveo6ckas nonumexuuxa’,
Yrpauna, 79013 Jlveos, y1. C. baudepol, 12,
Ten.: (093) 639-81-87, E-mail: terick-zol@rambler.ru

PaccMoTpeHo BiIUsIHYE IBYX- M TPEXKOMIIOHEHTHBIX KATAJTUTHICCKUX CHCTEM Ha OCHOBE Ha(hTe-
Harta Ko0aJlbTa Ha YKHUIAKO(A3HOE TOMOTreHHO-KATATMTHYECKOE OKUCIICHHE IMKIIOreKcaHa. Y cra-
HOBJICHBI 3aKOHOMEPHOCTH CKOPOCTH M KAQueCTBAa HAKOIUICHUS TPOIYKTOB OT COCTaBa KaTAIHTH-
YeCKOHM CHCTEMBI, a TAKKE BBITOIHEHO CPABHECHUE BITMSTHUS KATATT3aTOPOB Pa3HOH CTPYKTYPEL



