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INTRODUCTION

There are a large number of important chemicalgsees, which are homogeneously
catalysed, in particular polymerisation, oligomatisn, alkylation, hydrogenation and
dehydrogenation, oxidation etc. At the same tioatalysts, with proven basic catalytic
sites, capable to display the base properties wide range of pK insoluble in the
reaction mixture, stable to effects of temperatamd substrates, are hardly known. The
existing base catalysts [1], such as alkali andhlaflarth metals, their oxides and
hydroxides and anion-exchange resins, are therraatiychemically unstable compounds
and materials.

The search for heterogeneous base catalysts shmmildarried out among the
substances of inorganic nature, especially, amangganic anion exchangers [2]. To
solve this problem there is the need to:

- understand the main reasons of occurrence of lzagAic properties of solids

- investigate the parameters that influence basaity activity of heterogeneous

catalysts,

- develop the methods of control of concentratiorergth and type of catalytic
sites

- develop the methods of control of structure foratmn of highly selective
catalysts

- investigate the catalytic activity and selectivityseveral organic reactions.

MATERIALS AND METHODS

Layered double hydroxide clays were selected ardgdneous base catalysts in this
work. The methods of catalyst preparation are desdrin a previous paper [2]. Alcohol
oxyethylation and aldol condensation of acetonesvirerestigated as model reactions.
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All reagents were classified as "pure for analysiad all solvents were distilled
before use. Glass reactors equipped with a dewgiceemperature control and stirrer were
used. The acetone aldol condensation reaction wasstigated by determining the
remaining acetone concentration.

The oxyalkylation reactions were investigated usinghanometric installation [3],
enabling to determine the ethylene oxide conceatran the liquid phase by measuring
its partial pressure in the gas phase. For allti@acit was initially determined, that the
rate of reaction does not depend on the stirreedpehich says that the reactions are not
diffusion-limited.

After execution of experiments the reaction produetere analysed by gas
chromatography using on internal standard.

The reaction of ethylene oxide with alcohols camcped in the presence of acidic as
well as of basic catalysis; the main distinctiomishe quantitative distribution of reaction
products. In the presence of base catalysts thetioearate grows with increase in
molecular weight of product, and the molecular mdissribution of products becomes
broad. Oxyethylation reactions with homogeneouse baatalysts have been well
investigated, researches of heterogeneous badgstatan the other hand started with our
works [3-5].

The kinetic experiments of aldol condensation aftage were conducted in a glass
reactor equipped with stirring device and watehlat heating. The catalyst and acetone
were loaded in the reactor, and after executioin@freaction the quantity of acetone and
the conversion were determined. From literatuie known, that in the given conditions
the main product of reaction is diacetone alcoBekides we observed dehydration.

The layered hydroxides of Mg-Al, Zn-Cr, as well the products of their thermal
processing at temperatures up to B0@vere investigated as catalysts.

Determination of basic properties of layered doutfyldroxides was carried out using
procedures reported previously [6]. About 0,1 gatialyst was put in a closed measuring
flask filled with nitrogen gas. A benzene and toeresponding indicator were added at
once. The indicator adsorption rate on the surtdoeatalyst depends on the basicity of
catalysts. Carrying out the titration with indicestoof different pKa we obtained the
strength distribution of basic sites of the catay#$1g-Al: pK;=7,2—-0,92; pk=9,3-0,30;
pK=12,2—-0,01 mmol/g; Zn-Cr: pi&7,2-0,72; pK=9,3-0,27; pK=12,2-0,05 mmol/g).

RESULTS AND DISCUSSION
The basic properties of the hydroxides are liste@able 1.

Table 1
The concentration of Bronsted basic sites (12,2Hq< 17,2)

T,°C 100 200 300 400 500 600
Mg, —Al 0,95 0,55 0,31 0,08 0,04 -
Zn,—Cr 0,75 0,45 0,30 0,13 0,03 -
Mg—Al - 0,15 0,19 0,17 0,17 0,10
Zn,—Cr - 0,01 0,14 0,22 0,20 0,12
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As the alcohol oxyethylation can proceed in thespnee of basic as well as acidic
catalysts, it is necessary to deactivate the digd.sThe quantity of acid active sites could
be determined by the reduction of activity of cgdtd after the addition of alkali. The
increase in rate of reaction after the additiormafre than superstoichiometric quantities
of poison shows their total elimination [6]. If theyered double hydroxide had Bronsted
base sites in the hydroxide form then anion exchdhpywas observed initially.

The initial dependence of the oxyethylation reactiate on the initial ethylene oxide
concentration was directly proportional in all cagdus the concentration order in
ethylene oxide was equal to 1 in all cases. Theemiggnce of the reaction rate on the
current ethylene oxide concentration, especialtyhigh molecular weight alcohols was
initially not directly proportional, that is, therhporary order in ethylene oxide was more
than 1. There was an increase of the rate constahthe reaction rate was determined by
a differential method initially [7].

To explain this fact we assume that the internacspof clays increases by
penetration of organic molecules (bulky hydrocarbmmicals), which is indirectly
confirmed by the increase of efficiency of layedmiible hydroxide clays in oxyethylation
reactions after a heat treatment in the reactaohal. (However, these deviations from
first order are insignificant and in oxyethylatiprocess in surplus of alcohol during 1-2
hours may be neglected). The increase of reactt®m with increasing reaction time
depends on two processes — the purely catalytatiomaand the process of thickening of
hydroxide layers. With increase of temperaturedadgviation from first order should not
be expected, as these processes have differenetatupe sensitivity — the enthalpy of
clay reconstruction is abopiti=2 kcal/mol and the activation energy of the okyédtion
reaction is about 20 kcal/mol.

One-parametrical kinetic experiments have shownt th& reactions are first
concentration order in the layered double hydroxitey and the two reactants. The
following mechanism is assumed:

-~ OH + HOR'® ==  Z—OR' + HO (1)
H2C_CH2 H2C_CH2
+ ROH —>
O----H----OR
g H2C_CH2 g
—oOor + \/ —>  RCHCH,0OH + OR— (@)
= O----H---- OR =

The interaction of the alcohol reactant with ethgleoxide proceeds through a
threemolecular transition state. In the first stdlge ethylene oxide ring is activated by
formation of hydrogen bonding. The activated C-b@hd is opened by nucleofilic attack
of the surface alkoxide OR’. Similarly a two-stepechanism can be envisaged:
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Equilibrium (1) is defined by the concentrationtbé alcohol and its acidity. As all
alcohols, except methanol, are less acidic tharmnvataction according to equation (4)
can occur:
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From experiments at various temperatures it waabkshed, that the reaction
proceeds in the kinetic area and the activatiorarpaters of reaction (Table 2) were
determined.

Table 2
Kinetics of alcohol oxyethylation reaction in the pesence of Zn-Cr-hydroxide clay as
the catalyst at 100°C

Alcohol k10" nf/moF's In A E, kJ/mol
1-Heptanol 1,71 25,0 96
1-Dodekanol 2,14 16,3 77,3
n-C,7.,OH 1,06
i-C172OH 1,29

Deceleration of the oxyethylation reaction, conadatith deactivation or blocking of
sites, was not found, showing about high efficieotgatalysts.

An interesting observation was made when usingctileined products of Zn-Cr-
hydroxide clay as catalysts. Depending on the kreatment all calcined samples has
different colouring (red-green-yellow-brown). Theyl display catalytic activity in
oxyethylation reactions, though with increase ircication temperature the activity
decreases. During the process there is changdadysta colour (the colour changes from
colour of catalyst, treated at high temperaturesdiour of catalyst with low temperature
of activation) and some increase of activity in twrse of the reaction takes place.
Obviously restoration of hydrotalcite-like struauoccurs. Similar observations were
made upon addition of stoichiometric amounts ofewdb the reaction mixture. When
calcined at 500C Mg-Al-hydroxide clay catalyst showed good activih reactions of
polymerising 2—10 moles of ethylene oxide ontg-Gg alcohols [8]. Upon increasing
calcining time of the catalyst more reaction timaswequired to achieve the appropriate
conversion.
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Table 3 lists the value of rate constants, obtaipedthe basis of the initial
concentration of reactants and clays [8].
Table 3
The effective rate constants of oxyethylation of &fierent alcohols at 186 C
(Mg-Al-hydroxide clay)

ALCOHOLS Calc. time] k 10, nf/moF
h min
1-Dodecanol + 6 EO 8 1,64
1-Dodecanol + 6 EO 4 1,74
1-Dodecanol + EO 4 2,15
1-Dodecanol and 1-tetradecanol mixture + 2 EO 8 51,9
1-Dodecanol and 1-tetradecanol mixture + 2 EQ 4 62,9
1-Octanol + 4 EO 8 0,55
1-Octadecanol + 4,6 EO 8 2,35
Secondary octadecanol + 2 EO 4 14,3
Cyclohexanol + 4 EO 4 3,6
1- Butanol + 10 EO + 10 PO 4 12,2

Clays were calcined at 50tC. EO - ethylene oxide, PO - propylene oxide.

When increasing the treatment temperature of M¢pnAlroxide clay catalyst the
effective rate constant of oxyethylation of 1-heytiedecreases (Table 4).
Table 4
The effect of the calcination temperature of Mg-Alhydroxide in the oxyethylation of
1-heptanol at 100°C

Calcination temperaturéC 110 250 400 600
k 10°s, nt/kmol ® 1,5 0,8 0,3 —

The given course of change of the reaction ratebeaexplained by the change of
Bronsted and Lewis active sites upon thermal psiogsof clay. A comparison of
effective rate constant permits to discuss padioyn of Lewis, as well as Bronsted sites.
For all investigated base hydroxide clays the atalxyethylation reaction is described
by the kinetic equation:

Rz-mtzklceolcalclcclay (I)

Table 5 shows the rate constants of the third omfeoxyethylation reactions
catalysed by two base hydroxide clays.
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Table 5
Oxyethylation of alcohols over heterogeneous baskaygs (100°C)
Catalyst E, kJ/mol In A k, mP/kmol*" s
Zn, - Cr 96 25,0 0,170°
Mg,- Al 95 22,0 0,1510°

The aldol condensation of carbonyl compounds, aeeto particular, can serve as
another model reaction when studying the basewti&t@irocesses. Here larger molecular
weight products are formed, which enables to monit@ course of reaction by the
quantity of remaining reagents.

The aldol condensation of acetone was investigatig calcined layered double
hydroxide clays as catalysts [10-14], i.e. Mg-Al-4D, Ni-Al hydroxides. Before the
reactions clays were subjected to heat treatme#5@{C for 18 h. Such heat treatment
results in the total dehydration of the clay areldisappearance of the hydroxide layer.

The clay basicity depends on the cation ratio edkide layer, and it is expected that
the degree of the isomorphous replacement havgréfisant influence on the catalytic
activity (Table 6).

Table 6
The influence of the cation ratio in hydroxide clag on catalytic activity in acetone
condensation

Mg(11)/AI(111) 1,33 1,39 2,24 2,27 3,04 6,27
Conversion, % 21,0 37,5 24,6 15,0 22,5 24,2

The size of the initial anion also influences tlagatytic activity (Table 7). The clay
catalysts exhibit a "memory" effect about theirqumsor.
Table 7
The dependence of activity of Zn-Cr-oxide catalysbn the size of the dicarboxilate in
the initial hydroxide

ANION Conversion of acetone, %
Adipate 29,1
Decadicarboxylate 44,7
Dodecadicarboxylate 55,5

The dicarboxylates in base heterogeneous clayystdatonnect the hydroxide layers,
in a perpendicular position, and increase the aliity of active centres. It may be
noticed that the specific surface of catalyst had#ipends on the structure of the anion.
The change of the clay's specific surface, varyity the temperature of heat treatment,
does not explain the changes in activity. It isuassd that the number of base sites
(Bronsted and Lewis) depends on the processinggsatpe. The change of effective rate
constant of the acetone condensation [12], inicglab the weight of the clay catalyst, is
listed in table 8 [7, 17]) together with the conication of base sites.
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Table 8
The dependence of effective rate constant £ on loss of Zn-Cr-hydroxide clay
catalyst weight (dm, %). W — reaction rate (relat un.), C — concentration of base
sites (kmol/n?)

tcalc OC w dm Kzﬁ C
250 0,70 0,12 0,79 0,14
300 0,85 0,17 0,97 0,17
400 0,90 0,25 1,20 0,21
450 0,70 0,31 1,10 0,20
600 0,56 0,43 0,93 0,12

Calcinated layered double hydroxide clays (oxidetalgats) are subject to
deactivation in aldol condensation reactions. Tiherated water sorbs on to the high
basicity sites upon dehydration of diacetone altohlee kinetic equation of the acetone
condensation is as follows:

R =-dGddt = k' Cae” Cay (I

The experiments at various temperatures affordedathivation parameters of the
acetone condensation (Table 9).
Table 9
The activation parameters of aldol condensatiorreaction for layered double
hydroxide clays (50°C)

Catalyst E, kJ/mol In A k, Pkmol % s
Zn,- Cr 19,2 +2,4 27 +3 0,16
Mg,- Al 18 +2 25,6 +0,7 0,21

The role of the base sites consists in the formatd the carbanion, which
subsequently attacks the carbonyl group of a seaoatbne molecule to form the dimeric
anion (11).

H3C_C_CH2 H3C_C_CH3
| —_— an - H+ (5)
0] H 0]
——Mg—O0—Mg—O—A— —Mg—O0—Mg—O—AI—
CH3
H,C—C—O
H,C— C—CH H H
CH3COC|‘% 3 2 ch_ C_ C_ C_ CH3

— m L ow — |-

——Mg—O—Mg—O—Al—
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The rate constants for various clays are closeitaisdinteresting to compare them
with similar rate constants for the aldol condeiosatof acetone, proceeding in the
presence of some other base heterogeneous catdlgbts 10) Comparison of the results
shows a greater value of the rate constants forhtiraogeneous process. However
because the concentration of active sites in therbgeneous process is considerably
higher, the estimated reaction rate is approximdtel same for both processes.

Table 10
The significance of effective rate constants ofdol condensation reaction
(m%kmol® s, 50°C)

Catalyst To%C Reactor k Reference
MgO 0 Tubular 5,3 [15]
Ba(OH), 100 Mixture 1,3 [16]
MgO-Al,O3 300 Tubular 4,6 [9]

CONCLUSIONS

1. It has been shown the changes of the accessibilitasic sites of the catalysts due to
the ion exchange process.

2. The interaction of the alcohol with ethylene oxjateceeds through a threemolecular
transition state and activated C---O bond is opdneducleofilic attack of the surface
alkoxide.

3. At the aldol condensation the formation of the eaibn take place, which
subsequently attacks the carbonyl group of a seemetbne molecule to form the
dimeric anion.

4. The correlation between the activity and selegtivit catalysts with a temperature of
heat treatment has been shown. It has been fourdtlle presence of moderate
strength sites on the surface of catalyst is mmomgortant than the presence of strong
Lewis sites.
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Kanycruna E.B. T'uapokcuinble IIMHBI B KauecTBe OCHOBHBIX Kartaiau3atopoB / E.B. Kanycruna,
P.A. KoznoBeknii, A.E. Kanycrun // Vuenble 3amucku TaBpHYECKOrO HALMOHAIBHOTO YHHBEPCHTETA
um. B.U. Beprasckoro. Cepust «buosorust, xumusi». — 2014, -T. 27 (66)Ne 1. —C.283-291.

OmnucaHbl OCHOBHbIE T'€TEPOT€HHBbIE KaTalM3aTOpbl HOBOrO Tuma. 3yueHbl OCOOEHHOCTH TPOTEKAHUS
MPOLECCOB OPraHMYECKOTO CHHTE3a B MPHUCYTCTBUM TIIMHHBIX Karanu3atopoB. IlomydeHsl kuHeTHueckue
YpaBHEHUs] peakIMil OKCHATHIIMPOBAHUS M  aibJOJIbHOM KOHAEHCAMH, OOCYXKJIEHBI MEXaHU3MBI
MIPOTEKAIOMINX PEaKIHH.

Knrwuesvie cnosa: ciouctslie ABOIHbIE THAPOKCUIHBIC IIUHBI, OCHOBHBIC KaTaIU3aTOPBL.

Kanycrina O.B. I'mapoxkcuani ramuu sik ocHoBHi kataiizaropu / O.B. Kanycrina, P.O. Ko3ioBchkuii,
O.€. Kanycrin // Bueni 3anucku TaBpiiicbkoro HaioHanpHOro yHiepcurery iM. B.I. Bepnangcekoro. Cepis
»bioorist, ximist”. — 2014. —T. 27 (66) Ne 1. —C. 283-291.

OmncaHi OCHOBHI TETEPOTeHHI KaTali3aTOpH HOBOTO THITy. BUBUEHI 0cOOMMBOCTI NpPOTIKAaHHS IPOIECIB
OPTaHIiYHOTO CHHTE3Yy Y NPHUCYTHOCTI TJIMHHCTHX KaTamizatopiB. OTpHMaHi KiHETHYHI DIBHSIHHS peakmiit
OKCHETHJIIOBAHHS 1 alb/I0JIbHOI KOH/IeH callii, 00roBOpeHi MeXaHi3MH NPOTIKAIOYHX PeaKiiii.

Knrouogi crosa: mapysati noABiiHI THIPOKCUIHbIC TIMHN, OCHOBHI KaTali3aTopH.

Hocmynuna ¢ pedaxyuro 21.01.2014.
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