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A study of the process of activation of molybdenumboride catalyst in the reaction of
epoxidation of octene-1 with tert-butyl hydroperoxide and the effect on this process of the initial
concentration of octene-1, tert-butyl hydroperoxide and the amount of catalyst in the reaction
mixture. As well as reaction products (tert-butyl alcohol and epoxy). It is shown that over time a
new amorphous phase is formed on the surface of Mo2B, which actually catalyzes the epoxidation
reaction of octene-1 with tert-butyl hydroperoxide. The formation of this phase is the reason for the
acceleration of the rate of consumption of hydroperoxide and the selectivity of the formation of

epoxide over time.
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Introduction

One of the important industrial reactions for the
production of epoxy resins is the oxidation of
unsaturated compounds in the presence of hetero-
geneous catalysts. It should be noted the high activity
of molybdenumboride catalysts and especially when
used as an oxidant — tert-butyl hydroperoxide. It was
previously shown [1-4], that the time curves of
hydroperoxide in the epoxidation of both octene-1 and
B-ethylalyl-a-ethyl acrylate in the presence of a
heterogeneous catalyst Mo2B have an S-like cha-
racter.

It is investigated that such dependence is
connected with activation of the catalyst during
reaction. If the process of epoxidation of octene-1, -
ethylalyl-a-ethyl acrylate, in the presence of
inactivated forms of these catalysts, is studied in
sufficient detail [1, 2, 5-7], while the stage of
activation is practically not studied. Therefore, it was
expedient to investigate the activation process in
more detail, namely, the influence of the
hydroperoxide epoxidation reaction conditions of
octene-1 on the selectivity of epoxide formation in
the presence of Mo2B.

The aim of the study is to study the influence
of the hydroperoxide epoxidation reaction conditions
of octene-1 on the catalyst activation process and on
the selectivity of epoxide formation in the presence
of Mo2B.

Materials and methods of research

The study was performed based on the process
of hydroperoxide epoxidation of octene-1 in the
presence of Mo2B.

The following were used in the work:
molybdenum boride of Mo2B composition, brand
“h” with a specific surface area of 220 m2 / kg,
determined by the method of nitrogen desorption.

Methods for obtaining and purifying other
reagents, conducting experiments, analyzing the
reaction mixture and processing Kinetic curves are
described in detail in [1-4].

Research results and their discussion

The activity of the Mo,B catalyst in the
epoxidation reaction of octene-1 with tfert-butyl
hydroperoxide increases over time and the flow
curves of the hydroperoxide have a pronounced S-
like character, which indicates the activation of the
catalyst (Fig. 1).

Given that the reaction rate is influenced by
two factors, the concentration of hydroperoxide and
the activity of the catalyst, which change over time,
the degree of activation of the catalyst (o) was
calculated by the ratio (1):

W, /[TBHP], - W, /[TBHP],

*=w /[TBHP]),, — W, /[TBHP], (1)
where W, / [TBHP] ,, W,/ [TBHP], (W / [TBHP]) 1nax -
respectively, the given reaction rates are initial, running
and maximum.
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Fig. 1. Change in the concentration of tert-butyl
hydroperoxide over time [TBHPJ]o = 0.48 M,
[Oc]o=25M, [Cat] 0 =0.22m2/dm3, T =360K)

The degree of activation of the catalyst is
influenced by both its amount (Fig. 2) and reactants
(Fig. 3,4), and the reaction products - epoxide and
tert-butanol (Fig. 5, 6).
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Fig. 2. Changing the degree of activation of the catalyst
Mo,B depending on its amount 1- [Cat] , = 0.22 m’ / dn’,
2-[Cat] ,=0.1m’/dm’, [TBHP] ,= 0.5 M,

[Oc] ,=25M, T=360K)
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Fig. 3. Changing the degree of activation
of the catalyst at different initial concentrations of tert-
butyl hydroperoxide. ([Oc] , = 2.5 M,
[Cat] ,=0.22m’ /dm’, T = 360 K).
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Fig. 4. Changing the degree of activation of the catalyst

at different initial concentrations of octene-1.
([TBHP] , = 0.5 M, [Cat] , = 0.22 m’ / dm’, T = 360 K).
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Fig. 5. Changing the degree of activation of the catalyst at
different initial concentrations of tert-butyl alcohol
introduced into the system. ([TBHP] , = 0.5 M,

[Oc] ,=2.5M, [Cat] , = 0.22 m’ /dm’, T = 360 K).
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Fig. 6. Changing the degree of activation of the catalyst at
different initial concentrations of epoxide introduced into
the system. ([TBHP] , = 0.5 M, [Oc] ,=2.5 M,
[Cat] ,=0.22m’/dm’, T = 360 K).



Influence of hydroperoxide epoxidation reaction conditions of octen-1 on the process of mo2b activation and...

The change in the degree of catalyst activation
over time is described by the Avrami-Erofeev
topochemical equation [8] (2).

a=1—¢" )

where t is the reaction time, k. and n are the
topochemical reaction constants.

This equation can be transformed into the form
of a linear function:

In[-In(1-a)]=Ink, +nlnc 3)

which allows to determine the topochemical
constants k; and n by the graph-analytical method
[9]. The function is really linear, but depending on
the reaction conditions it can have one or two
sections with different values of k; and n (Fig. 7).
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Fig. 7. Graphic solution of the Avrami-Erofeev equation

Table 1

The values of the topochemical constants
kt and n depending on the reaction conditions are

given below
[Oclo= 2,5 M, [Cat]y= 0,22 M*/am’ , T = 360 K
[TBHP],M n K, Ker
n =
05 2,0416 | ky=21-107 | k,=2,0-10"
’ = ko=18-10" | k,=12,5-10"
4,0478
[TBHP],= 0,5 M [Cat]y= 0,22 M*/am’ , T =360 K
[Oc] M n ks Ket
175 m=2229 | ky=15-10" | k,=87-10"
’ m=41919 |ko,=15-10" |k, =151-10"
125 m=10412 | k;=18-10° | k;=2,8-10"
’ m=2,6262 | kp=6,0-10° | k,=74"-10"
[TBHP],= 0,5 M, [Oc]o=2,5 M,
[Cat]y= 0,22 M*/am’ , T =360 K
[TBA] M n k. Ker
0,1 |[n=3,3266|k,=28-10"] k=134-10"
0,3 |[n=4,2284| k,=7,7-10"| k=13,7-10"

The values of the effective reaction constants
are related to the topochemical constant k, by the

ratio (4):
kef ~n k (4)
\ T

The values of the effective constants for Mo,B
at the initial stage (ki.f), respectively, is equal to 1.7 -
10* s, and at the stage of epoxidation (ka),
respectively, 13.0 - 10*s™.

The selectivity of epoxy formation based on the
reacted hydroperoxide increases over time (Fig. 8).
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Fig. 8. Changing the selectivity
of the formation of epoxy (S) over time.

This effect is possible if the selectivity of
epoxy formation on the inactivated catalyst is less
than on the activated one.

The effective reaction rate constant on an inac-
tivated catalyst is the sum of the effective reaction
constants of unproductive decomposition hydrope-
roxide (klef (d)) and epoxidation reactions (klef (¢)):

Kier = Kier () T Kief(e)»
for Mo,B kierqy= 7.7 - 10° s and ke = 9.4 - 10757

This indicates that the epoxidation rate on the
inactivated catalyst under these conditions is an
order of magnitude lower than on the activated one.

On the inactivated form of the catalyst there is
an unproductive consumption of hydroperoxide and
the selectivity of the process should not exceed 55%.
With a change in the activity of the catalyst over
time, the selectivity of epoxy formation, if the
accepted model [10-13] is correct, should increase
over time depending on

ket +[kf’f(e) —kgf)e 4

S =
kT 0 -k ®)
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where k; and n are topochemical constants deter-
mined by the graphical solution of the Avrami-
Erofeev equation. The calculated and experimental

values of selectivity coincide satisfactorily (Table 2),
the above data indicate the adequacy of the adopted
kinetic model of the reaction.

Table 2

Selectivity of formation of octene-1 epoxide in the presence of Mo,B

Time, s S calculated., % S experimental., %
0 55,0 54,0
180 60,0 58,7
360 72,0 72,4
600 87,1 86,8
900 97,3 94,7
1200 100 97,4
Conclusions 7. Trach Yu. B., Makota O. I. // Theoret. and

The selectivity of epoxy formation depends on
the degree of activation of molybdenum boride. The
catalyst based on Mo2B is characterized by a fairly
high selectivity. However, the selectivity goes to zero
S—0 if the degree of activation goes to zero a—0.
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BILIUB YMOB PEAKIIII TIIPOITEPOKCHUJHOI'O ENNIOKCUIYBAHHSA OKTEHY-1 HA
MHNPOLHEC AKTUBYBAHHSA Mo,B I HA CEJIEKTUBHICTb YTBOPEHHSA EINIOKCUY

IIpoBeneHo AOCHiI:KEHHS MpPolleCy AKTHBYBAHHA MOJIiOAeHOOPUAHOIO KaTajgi3zaTopa B
peakuii enoKcUAyYBaHHSI OKTeHY-1 mpem-OyTHATIIPONEPOKCHIOM i BIJIMB Ha 3rajaHuil mpouec
NMOYAaTKOBOI KOHIEeHTpalii okTeny-1, mpem-oyTuarigpomepokcuay i KijbkocTi katajizatopa B
peakuiiiHiii cymimi, a TakoXk NPOAYKTIB peakuii (mpem-GyTHI0BOr0 CHUPTY i emOKCHAY).
IMoka3ano, mo B yaci Ha moBepxHi Mo,B yTBoproerbesi HoBa amopdHua ¢asa, sika BjacHe KaTajizye
peakiilo enoxkcUAyBaHHsI OKTeHy-1 mpem-OyTuiarigponepokcuaoM. YTBOpeHHs1 uiei ¢a3um €
NPUYHUHOI0 TPHCKOPEHHS1 IIBHAKOCTI BUTPATH TiAPONMEPOKCHAY i CeJeKTUBHOCTI YTBOpPEHHS

eNMOKCU/Y B Yaci.

Kuio4ogi cjioBa: OKMCHEHHSI, KiHeTHYHI 3aKOHOMIPHOCTI, KaTaizaTop, ojediH.
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